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Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8-16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 


To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 
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Extra midcycle progestin to reduce 
midcycle breakthrough bleeding 











TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 





1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri-Norinyl, 
please see brief summary of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 


SYNTEX LABORATORIES, INC. 
PALO ALTO. CA 94304 





TRI-NORINYL 


“(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL’ 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethiny! estradio! 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
bine, ans of norethindrone 0.5 mg with ethiny! estradiol 
1035 mi 

TRI-NORINYL’ 28-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiot 0.035 mg, 9 green tablets 
of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
0.035 mg; 7 inert tablets) 
BRI N* 21-Day Tablets (norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg) 
BR! N” 28- Day Tablets (21 norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg tablets followed by 7 inert tablets) 

NYL 1 +35 21-Day Tablets (norethindrone 1 mg with 
ethinyl estradiol 0.035 mg) 
NORINYL* 1 + 35 28-Day Tablets (21 norethindrone 1 mg 
with ethinyl estradiol 0.035 mg tablets followed by 7 
inert tablets) 
NORINYL 1 + 50 21-Day Tablets (norethindrone 1 mg with 
mestranol 0.05 nO} 
NORINYL* 1 + 50 28-Day Tablets (21 norethindrone 1 mg 
with mestranol 0.05 mg tablets followed by 7 inert tablets} 
NORINYL 1 + 80 21-Day Tablets (norethindrone 1 mg with 
mestranol 0.08 mg) 
NORINYL’ 1 + 80 28-Day Tablets (21 norethindrone 1 mg 
with mestranol 0.08 mg tablets followed by 7 inert tablets) 
NORINYL’ 2 mg Tablets (norethindrone 2 mg with 
mestranol 0.1 mo). 
NOR-Q.D- (norethindrone; Tablets 0.35 mg 
ORAL CONTRACEPTIVE (0.0.) AGENTS 
indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk af thromboembolism, it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or fess of estrogen. 
Contraindications 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrombophlebitis or thromboembolic disorders, 3. Past history of deep vein 

Hebitis or thromboembolic disorders. 4. Undiagnosad abnormal genital 

bleeding 5. OCs should not be used by women who have or have had any of the 
following: a. cerebral vascular or coronary artery disease, including myocardial 
infarction. b. known or suspected carcinoma of the breast. c known or sus- 
pected estrogen dependent neoplasia. d. benign of malignant tiver tumor that 
developed during use of OCs or other estrogen containing products. 


| RARER: Coe, amaking rene te ak erin ears | 


smoking (1S of more cigarettes per day) and is quite marked in women | 
guer 35 years af aya. Women who use S should be strongly advised not 
The use of OCs is associated with increased risk of several serious conditions 
including thromboembolism, stroke, myocardial infarction, liver tumor, gall 
bladder disease, visual disturbances, fetal abnormalities, and hypertension. 
Practitioners esses iy OCs should be familiar with the following informa- 
tion relating to these risks. 


+ Thromboembotic Disorders and Other Vascular Problems: An increased risk ot 
thromboembolic and thrombotic disease associated with OC use is established. 
One study demonstrated an increased relative risk for fatal venous thromboem- 
holism and several studies cemonstrated it far non-fatal venous thromboembol- 
ism. They estimate that OC users are 4-11 times more thely than nonusers to 
develop diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
ar disease. Another British study showed a lower death rate in OC users than 
Controls, an increase in cardiovascular deaths was seen but was not statistically 
significant. A US. prospective study failed tc disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a retrospective, case- 
control: study showed significant increases in venous thromboembolism. CERE- 
BROVASGULAR DISORDERS. Two American studies demonstrated an increased 
telative risk for stroke not shown in prior British studies. in an American Study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times grar and 
stroke as 4-95 times greater in users than nonusers. A British iong- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too small to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents; smoking and pill use 
appear to increase risk more than either alone, 
MYOCARDIAL INFARCTION (Ml). increased relative risk of MI associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of proscar toxemia) 
the higher the risk of developing MI, regardiess of OC use. OCs were an 
additional risk factor. in terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
MI} are twice as likely to have a fatal MI as nonsmoking nonusers, OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. {Estimates are based on British vital statistics which show acute MI 
death rates 2-3 times tess than in the US. so US. death rates could be higher) 
ruporiance of other predisposing conditions in determining relative and absolute 
risks has not been quantified; other synergistic actions may exist, RISK OF 
DOSE. Using data trom several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coro- 
nary thrombosis. is directly related to estrogen dase in OCs. OCs with 0.1 mg or 
more of estr were associated with a higher risk af thromboembolism than 
those containing 0.05-0.08 mg but quantity of estr may not be the sole 
factor, This was supported by a US. study. A British study found a positive 
association between dose of progestogen ar estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiologica! studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been done. Thromboembolic 
disease has been reported in women using these products, and they should not 
he considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for & years atter discontinuation of OC 
lyse for cerebrovascular disease and 9 years for MI; another suey Suggested the 
Bersistence of risk for subarachnoid Hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated ied tate per 100000 women per year from circulatory system 
‘diseases tor users and nonusers according to age, smoking habits, and 
duration of use, The overall annual excess death rate for OC users was estimated 
to be 20100000 (ages 15-34-5/100000; ages 35-44~-33/100000; ages 45- 
49- 140/100,000). Risk is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the study showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, ail 
occurred in women 35 or older An update provided the following rates: ages 
¥5-34~ 1/6700 for nonsmokers and 1/2000 fer smokers; ages 45 and over- 
1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity. but not with duration of use. Until more women under 35 with 
continuous use for 5 or more years afa available, it is not possible to assess 
relative risk for this age group. Data from a va of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method (e.g. thromboembolic and thrombotic disease for OCs) plus risk 
attributable to pregnancy or abortion if the method fails (which varies with 


2A 















the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with aff contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pill only? 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double: for “light” smokers 
{less than 15), about half} The towest mortality is with the condom or 
diaphragm backed up by early abortion. The study alse concluded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, obesity. diabetes, or history of preeciamptic toxemia, and especialy by 
smoking. The following chart gives a gross estimate of risk of death from 
circulatory disorders associated with OC use. 


SMOKING HABITS AND OTHER PREDISPOSING 
CONOITIONS-RISK ASSOCIATED WITH USE OF OCs 














Age 30-39 
Heavy smokers B 
Light smokers c 
Nonsmokers 
{no predisposing conditions) cD c 
Nonsmokers 
tother predisposing conditions? C8 BA 


A~Use associated with very high risk. 
B-Use associated with high risk. 
C~Use associated with moderate risk 
D- Use associated with low risk 


Physician and patient should be alert to earliest manifestations of thromboemboi- 
ic and thrombotic disorders (e.g. thrambophiebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these accur or be suspected, discontinue OC 
immediately A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization, Before resuming OC alter major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
suggest varicose veins substantially increase risk of superticial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete ioss of vision: onset of praptosis or diplopia: 
papilledema: or retinal vascular lesions: and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
Or malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and matignant, in dogs. Several ret tive case- 
contro} studies reported an increased relative risk {31-139 times} associating 
endometrial carcinoma with the prolonged use of estrogens in postmenopausa’ 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for adeno- 
carcinoma of the endometrium (e.g. itreguiar bleeding when OCs were first 
iven. polycystic ovaries), nearly alt occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
Suggesting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was suggested for OC users with documented benign 
breast disease and for long-term {2-4 years) users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
years than among nonusers with breast cancer, One other study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of folow-up One author suggests that extended (aver 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer, and other studies suggested an in risk of 
breast cancer with long-term OC use before age 25, A reduced occurrence of 
benign breast tumors in OC users has been well documented, One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers, A prospective study of 
women with cervical dysplasia found an increase in severity and Conversion to 
cancer in situ in OC users compared to nonusers, This became sistiaticaly 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix Carly 
carcinoma in situ) in OC users under 40, particularly those who had used CCs 
over 4 years. Two other studies suggested an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
snicrogiandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma, in summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs, Close clinical surveillance of ail OC users is, nevertheless, 
essential, in all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
(See also Warnings, 4. Liver Tumors.) 4. Liver Tumors: Sudden severe abdominal 
pen of shock may be due to rupture and hemorrhage of a liver tumor. There have 
en reports associating benign or malignant liver tumors with short-term and 
fong-term OC use. One study reported use of OCs with high hormonal potency 
and age over 30 may further increase risk of hepatocellular adenoma, Two 
studies relate risk with duration of use, risk being much greater after 4 or mere 
years of use. Long-term OC users have an estimated annual incidence of hepato- 
Cellular adenoma of 3-4/100,000. Although an uncommon lesion, it should be 
considered in women presenting with an “acute abdomen”, The tumor may 
Cause serious or fatal hemorrhage. Patients with liver tumors have demonstrated 
variable clinical features which may make preoperative diagnosis difficult. Some 
Cases presented because of right upper quadrant masses, while most had signs 
and symptoms of acute intraperitoneal hemorrhage. Routine radiologica’ and 
laboratory studies may not be Septu, Liver scans may show a focal defect. 
tic arteriography may be usetul in diagnosing primary liver neoplasm. Cases 
of hepatocellular carcinoma have been reported in tong-term users of OCs" 
An epidemiological aut suggested a 4-fold increase in relative risk for hepato- 
celfular carcinoma in OC users for 8 years or more, which increased to 7 in 
women with markers of hepatitis B. A second study suggested a risk of about 20 
for use in excess of 8 years. 5. Lise in or immedi pecan nancy, Birth 
Detects in Offspring, and Malignancy in Female Offspring: of female sex 
hormones—estrogenic and progestational agents- duning early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethylstilbestrol, a 
nonsteroidal estrogen, have an increased risk of developing in later life a lerm of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care, A high percentage of 
women ex to diethylstitbestral (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal malignancy. Mate chifden so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that they would not 
induce similar changes. increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs, in pregnancy. One case-control study estimated a 4 7-fold increased relative 
risk of fimb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data suggest 
tisk of limb-reduction detects in exposed fetuses is somewhat less than 1/1000 
live births. in a larga prospective study, cardiovascular defects in children born to 
women who received female hormones, including OCs, during early pregnancy 
Occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed 
in utero, These results are statistically significant. A Welsh study found a statis- 
tically significant excess of neural tube defects among offspring of prior OC 
users (within 3 months) than among controis. The incidence of twin births may 
be increased for women whe conceive shortly after discontinuing OC use. in the 
past, temale sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence trom well controlled studies that progestogens are 
‘effective for these uses. There is some evidence that triptoidy and possibly other 
types of polyploidy are increased among abortuses trom women who become 
Pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
‘ous abortion of pregnancies conceived soon after stepping OCs is unknown. Hf 





the patient has net adhered to the prescribed schedule. consider possible preg 
nancy at the first missed period (or 45 days from the last menstrual period if 
Fogestagen-only OCs are used) and discontinue OC use until pregnancy has 
en ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before gentang the OC. if pregnancy is confirmed. tell thy 
patient about potential risks to the fetus and discuss advisability ot continui 
the pregnancy, Women who discontinue OCs to become pregnant should use 
alternate form of contraception for a period of time bet e attempting to c: 
ceive. A 3-month period is supported by a study suggesting increased frequen 
of neural tube defects in women impregnated during the first 3 months a 
cessation of OC use. Do not use progestogen-anly or progestogen-est 
combinations to induce withdrawal bleeding as a pregnancy test. 6 Gail Bi: 
Disease: Studies report increased risk ot gall bladder disease in OC or estrogen 
users. in one study, an increased risk appeared after 2 years of use and do 
alter 4-5 years. in another study, an increased risk was apparent between 6 ani 
12 months. 7 Carbohydrate and Lipid Metabolic Effects: Because a decrease 
iucese tolerance has been observed in a Siomticant percentage of patients ¢ 
Cs, prediabetic and diabetic OC users should be carefully observed. An 
in triglycerides and total phospholipids has been observed in OC users but i 
Clinical significance is unknown. 8 Elevated Blood Pressure: An increase 
blood pressure has been reported with OC use. Hypertension may occur within 
few months of beginning OCs. In the first year of use, incidence of hypartensi 
may be no highar in OC users than in nonusers. incidence in users increases wi 
exposure and ie the fifth yea of use is 2.5-3 times that in the first year. Age 
Strongly correlated with hypertension in OC users, Women with a history 
elevated blood pressure (hypertension), preexisting renal disease, history 
toxemia or al blood pressure during pregnancy, familial tendency to hype: 
tension or its cansequerces, of history of excessive weight gain or tivid retenti 
during the menstrual cycle may be more likely to develop elevated biond pressure 
when given OCs and should be monitored closely. Even though elevated bloot 
pressure may remain within the “normal” range, closely watch elevations, par 
ularly for woman with other risk factors for cardiovascular disease or stroke. High 
blood pressure may or may not persist after OC discontinuation. 9, Headache: 
Discontinue OC and evaluate the cause of onset or exacerbation of migraine or 
development cf a new pattern of headache which is recurrent, persistent, or 
severe. 10. Bleeding Irregularities: Breakthrough bleeding, spotting, and missed 
menses often make users discontinue OCs. in breakthrough bleeding, as in all 
cases ot irregular bleeding from the vagina, consider nonfunctional causes. in 
undiagnosed persistent of recurrent abnormal bleeding from the vagina, use 
adequate diagnostic measures to rule out pregnancy or malignancy. it pathology 
has been excluded, time or another formulation may soive the problem... Wh 
potentially useful in minimizing menstrual irregularity, change to an OC with a 
higher estrogen content only if necessary since this may increase the ris; 
thromboembolic disease. Women with a history of oligomenarrhea or secon i 
amenorrhea or young women without regular cycles may tend to remain 3, 
latory or to become amenorrheic after OC discontinuation, Women wit 
preexisting problems should be advised of this and encouraged to use 
contraceptive methods. Post-use anovulation, possibly prolonged, may à 
women without previous irregularities, A higher incidence of galactorrhea at 
pituitary tuesors (e.g, adenomas) has been associated with amenorrhe} 
former users compared with nonusers. One study reported a 16-told incre 
incidence of pituitary prolactin-secreting tumors among. patients with po 
amenorrhea when galactorrhea was present. 11. infertility: There is evide! 
impairment of fertility in women discontinuing OCs in comparison with | 
contraceptive mathods, which appears to be independent of duration «i 
While impairment diminishes with time, there is an ay jable ditterenc, 
results in nalipa months after dit! 
uation of birt i 
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OCs may cause some fluid retention. Prescribe with caution, al 
with careful monitoring. in patients with conditions that might be aggrava 
fluid retention, such as convulsive disorders, migraine syndrome, asthi 
cardiac, hepatic or renal insufficiency. 5, Patients with a past history o! 
duri nancy have an increased risk of recurrence while using OCs. Oi 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metaboliz! 
patients with impaired liver function and should be administered with cauth 
such pams: Z OC users may have disturbances in normal tryptophan mej 
Jism that may result in a relative pyridoxine deficiency. The clinical signi 
unknown. 8. Serum folate levels may be depressed by OC use. Since the p 
woman is predisposed to folate deficiency and incidence of folate det! 


Raynaud's disease. arterial thromboembolism, The following adverse reacti 
have been reported in OC users and are believed to be drug related: bleed 
irregularities (breakthrough bleeding, spotting. missed menses during treal 
amenorrhea after treatment}, gastrointestinal symptoms (nausea, vomiti 
ia abdominal cramps, colitis), dysmenorrhea, infertility after disconti 
ance of treatment, edema, chioasma or melasma which may persist after drug 
discontinued, breast changes (tenderness, enlargement, and Seeron i 
ance to contact lenses, changes in corneal curvature {steepening), change 
weigh! {increase or decrease), change in cervical erosion and cervical secret 
sible diminution of tactation when given immediately postpartum, cholestat 
jaundice, migraine, increase in size of uterine jelamyomata, rash {alterpic) mer, 
tat depression, reduced tolerance to rates, vaginal candidiasis, prol 
tin-secreting pituitary tumors, chilhlains. The following adverse reactions 
been reported in OC users and the association has been neither confirmed 


remature supraventricular contractions. 
ackage insert). 
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When pregnancy is the goal, successful ovulation is the 
first hurdle. Serophene has demonstrated its effectiveness 
for six years—with ovulation rates of 50% to 94% and 
pregnancy rates of 11% to 52%. 

For effective first-line ovulation-induction therapy, 
success starts with Serophene. 


Starts with 


SEROPHENE 


OAOA A EN ip UIC 


‘The first choice for 
ovulation induction 


The World Leader in (Serono) 
Infertility Therapy Serono 









SEROPHENE 


(clomuphene citrate tablets, USP) 50 mg 


The first choice for ovulation induction 


Serophene® 

(domiphene citrate tablets, USP) 

Brief Summary: 

Indications: 

Clomiphene citrate is indicated for the treatment of 
ovulatory failure in patients desiring pregnancy, and 
whose husbands are fertile and potent. Impediments 


- to this goal must be excluded or adequately treated 


before beginning therapy. Administration of 
clomiphene citrate is indicated only in patients with 
demonstrated ovulatory dysfunction and in whom the 


‘+ following conditions apply: 





Normal liver function. 


x2: Physiologic indications of normal endogenous 


estrogen (as estimated from vaginal smears, endo- 
meétrial biopsy, assay of urinary estrogen, or from 
bleeding in response to progesterone), Reduced 

estrogen levels, while less favorable, do not prevent 
successful therapy. 


"3, Clomiphene citrate therapy is not effective for those 


patients with primary pituitary or ovarian failure. It 
cannot substitute for appropriate therapy of other 
disturbances leading to ovulatory dysfunction, e.g., 
diseases of the thyroid or adrenals. 

4, Particularly careful evaluation prior to clomiphene 
citrate therapy should be done in patients with 
abnormal uterine bleeding. It is most important 
that neoplastic lesions are detected. 

Contraindications: 
Pregnancy 
Although no direct effect of clomiphene citrate ther- 
apy on the human fetus has been seen, clomiphene 
citrate should not be administered in cases of sus- 
pected pregnancy as such effects have been reported 
in animals. To prevent inadvertent clomiphene citrate 
administration during early pregnancy, the basal body 
temperature should be recorded throughout all treat- 
ment cycles, and therapy should be discontinued if 
pregnancy is suspected. Ifthe basal body temperature 
following clomiphene citrate is biphasic and is not 
followed by menses, the possibility of an ovarian cyst 
and/or pregnancy should be excluded. Until the 
correct diagnosis has been determined, the next 
course of therapy should be delayed. 
Liver Disease 
Patients with liver disease ora history of liver dysfunc- 
tion should not receive clomiphene citrate therapy 
Abnormal Uterine Bleeding 
Clomiphene citrate is contraindicated in patients with 
abnormal uterine bleeding. 
Warnings: 
Visual Symptoms 
Patients should be warned that blurring and/or other 
visual symptoms may occur occasionally with 
clomiphene citrate therapy These may make activities 
such as driving or operating machinery more hazard- 
ous than usual, particularly under conditions of varia- 
ble lighting. While their significance is not yet 
understood (see ADVERSE REACTIONS), patients 
having any visual symptoms, should discontinue 
treatment and have a complete ophthalmologic 
evaluation. 

Precautions: 

Diagnosis Prior to Clomiphene Citrate Therapy 

Careful evaluation should be given to candidates for 

clomiphene citrate therapy A complete pelvic exami- 

nation should be performed prior to treatment and 
repeated before each subsequent course. 

Clomiphene citrate should not be given to patients 

with an ovarian cyst, as further ovarian enlargement 


Wo may result, 


Toll-free: 800-225-5185 


In Mass: 617-963-8154 
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Since the incidence of endometrial carcinoma and of 
ovulatory disorders increases with age, endometrial 
biopsy should always exclude the former as causative 
in such patients. If abnormal uterine bleeding is 
present, full diagnostic measures are necessary. 
Ovarian Overstimulation During Treatment with 
Clomiphene Citrate 

To minimize the hazard associated with the occasional 
abnormal ovarian enlargement during clomiphene 
citrate therapy (see ADVERSE REACTIONS), the low- 
est dose producing good results should be chosen. 
Some patients with polycystic ovary syndrome are 
unusually sensitive to gonadotropin and may have an 
exaggerated response to usual doses of clomiphene 
citrate. Maximal enlargement of the ovary, whether 
abnormal or physiologic, does not occur until several 
days after discontinuation of clomiphene citrate. The 
patient complaining of pelvic pains after receiving 
clomiphene citrate should be examined carefully If 
enlargement of the ovary occurs, clomiphene citrate 
therapy should be withheld until the ovaries have 
returned to pretreatment size, and the dosage or 
duration of the next course should be reduced. The 
ovarian enlargement and cyst formation following 
clomiphene citrate therapy regress spontaneously 
within a few days or weeks after discontinuing treat- 
ment. Therefore, unless a strong indication for lapa- 
rotomy exists, such cystic enlargement always should 
be managed conservatively. 

Multiple Pregnancy 

In the reviewed publications, the incidence of multi- 
ple pregnancies was increased during those cycles in 
which clomiphene citrate was given. Among the 1803 
pregnancies on which the outcome was reported, 
90% were single and 10% twins. Less than 1% of the 
reported deliveries resulted in triplets or more. 

Of these multiple pregnancies, 96-99% resulted in the 
births of live infants. The patient and her husband 
should be advised of the frequency and potential 
hazards of multiple pregnancy before starting 
treatment. 

Adverse Reactions: 

Symptoms 

Side effects are not prominent at the recommended 
dosage of clomiphene citrate, and infrequently inter- 
fere with treatment. Side effects tend to occur more 
frequently at higher doses and in the longer treatment 
courses used in some early studies. The more cony 
mon side effects and the percent of patients experi- 
encing them include vasomotor flushes (11%), 
abdominal discomfort (74%), abnormal uterine 
bleeding (0.5%), ovarian enlargement (14%), breast 
tenderness (2.1%), and visual symptoms (1.6%). The 
vasomotor symptoms resemble menopausal “hot 
flushes,” and are not usually severe. They promptly 
disappear after treatment is discontinued. Abdominal 
discomfort may resemble ovulatory (mittelschmerz) 
or premenstrual phenomena, or that due to ovarian 
enlargement. In addition, nausea and vomiting 
(2.1%), nervousness and insomnia (1.9%), headache 
(1%), dizziness and lightheadedness (1%), increased 
urination (0.9%), depression and fatigue (0.8%), urti- 
caria and allergic dermatitis (0.6%), weight gain 
(0.4%), and reversible hair loss (0.3%) have been 
reported. 

When clomiphene citrate is administered at the rec- 
ommended dose, abnormal ovarian enlargement 
(see PRECAUTIONS) is infrequent, although the usual 
cyclic variation in ovarian size may be exaggerated. 
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Similarly, mid-cycle ovarian pain (mitelschmerz} 
may be accentuated. With prolonged or higher. dos- 
age, ovarian enlargement and cyst formation (usually 
luteal) may occur more often and the luteal phase of 
the cycle may be prolonged. Patients with polycystic 
ovary disease may be unusually sensitive to 
clomiphene therapy. Rare occurrences of massive 
ovarian enlargement have been reported, for exam- 
ple, in a patient with polycystic ovary syndrome 
whose clomiphene citrate therapy consisted of 106 
mg daily for 14 days, Since abnormal ovarian enlarge: 
ment usually regresses spontaneously, most of these 
patients should be treated conservatively, 

The incidence of visual symptoms (see WARNINGS for 
further recommendations), usually described’ as 
“blurring” or spots or flashes (scintillating scotor 
mata), correlates with increasing total dose. The 
symptoms disappear within a few days or weeks after 
clomiphene citrate is discontinued. This may be due’ 
to intensification and/or prolongation of after 
images. Symptoms often appear first, or are accentu 
ated, upon exposure to a more brightly. lit 
environment. While measured visual acuity has not 
generally been affected, in one patient taking 200 mg 
daily, visual blurring developed on the seventh day of 
treatment, and progressed to severe diminution of 
visual acuity by the tenth day No-other abnormality 
was coincident, and the visual acuity was normal by 
the third day after treatment was stopped. Ophthal» 
mologically definable: scotomata and electroretino- 
graphic retinal function’ changes “have also been 
reported. 

BSP Laboratory Studies 

Greater than 5% retention of sulfobromophthalein 
(BSP) has been reported in approximately 10to 20% of 
patients in whom it was measured, Retention was 
usually minimal but was elevated during prolonged 
clomiphene citrate administration or with apparently 
unrelated liver disease: In some patients, pre-existing 
BSP retention decreased even though clomiphene 
citrate therapy was continued. Other: liver function 
tests were usually normal. i 

Other Laboratory Studies 

Clomiphene citrate has not been reported to cause a 
significant abnormality in hematologic or renal tests, in 
protein bound iodine, or in serum cholesterol levels. 
Birth Defects 

Of 1803 births following clomiphene citrate adminis- 
tration, 45 infants with birth defects were reported for 
a cumulative rate of 2.3%, 

Six cases of Down's. Syndrome, one neonatal death 
with multiple malformations and one case each ofthe 
following were reported: extropia, club: foot, tibial 
torsion, blocked tear duct and hemangioma. The 
other congenital abnormalities were not described. 
The investigators did not report that these were 
presumed to be due te therapy The cumulative rate of 
congenital abnormalities does not exceed that 
reported in the general population. 
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CLINICAL SECTION 
W Clinical Opinion 


Fetal and neonatal cardiovascular complications from 1 
8-sympathomimetic therapy for tocolysis 

Vern L. Katz, MD, and John W. Seeds, MD 

Chapel Hill, North Carolina 


6-Sympathomimetic tocolytic agents have significant fetal cardiac side effects that may 
occasionally be life-threatening. 


Understanding and eliminating errors in perinatal research 5 
Barry S. Block, MS, MD 
Chicago, Illinois 


The valid interpretation of the results and conclusions of experimental studies is encouraged 
to avoid publication of misleading studies that adversely affect clinical practice. 


A case-control study of epithelial ovarian cancer 10 
Patricia Hartge, ScD, Mark H. Schiffman, MD, Robert Hoover, MD, Larry McGowan, MD, 

Linda Lesher, MHS, and Henry J. Norris, MD 

Bethesda, Maryland, and Washington, D.C. 


Study results confirm the importance of parity, infertility, family history, and previous breast 
cancer in the etiology of epithelial ovarian cancer. 


Heuristic determination of relevant diagnostic procedures in a medical 17 
expert system for gynecology 


Steven L. Small, PhD, and Eberhard K. Muechler, MD 
Pittsburgh, Pennsylvania, and Rochester, New York 


We describe a medical expert system for problem solving in the gynecologic domain of 
infertility. 
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@ Clinical Articles 


Breech presentation after cesarean section: Always a section? 25 
Ella Ophir, MD, Moshe Oettinger, MD, Arie Yagoda, MD, Yacov Markovits, MD, 

Nathan Rojansky, MD, and Harry Shapiro, MD 

Nahariya, Israel 


A trial of labor seems reasonable in carefully selected cases of breech presentation after a 
previous cesarean section. 


Vaginal birth after cesarean delivery in the twin gestation 29 
Thomas H. Strong, Jr., MD, Jeffrey P. Phelan, MD, Myoung Ock Ahn, MD, MPH, and 

Albert P. Sarno, Jr., MD, Maj., USA 

Los Angeles, California 


No significant increase in morbidity or mortality was noted among women with prior cesarean 
deliveries who attempted a trial of labor with twins. 


Pharmacokinetics of orally administered ritodrine 32 
Steven N. Caritis, MD, Raman Venkataramanan, PhD, Margaret Cotroneo, RN, and Jye-Ping Chiao, MS 
Pittsburgh, Pennsylvania 


Analysis of ritodrine concentration data after oral administration to pregnant subjects 
indicates that plasma concentrations are low and are unlikely to prevent recurrent preterm labor. 
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Neuromuscular blockade with magnesium sulfate and nifedipine 
Scott W. Snyder, MD, and Michael S. Cardwell, MD 
Columbia, Missouri 
Neuromuscular blockade and respiratory distress occurred in a patient who received a small 
dose of magnesium. after tocolysis with nifedipine. 


Usefulness of continuous fetal heart rate monitoring during cesarean 
section — 

Boris M. Petrikovsky, MD, PhD, Mario Cohen, MD, and M. Leon Tancer, MD 
Brooklyn, New York, and Farmington, Connecticut 


Two cases in which continuous fetal heart rate monitoring during cesarean section modified 
the obstetric management are presented. 


Risk factors for vulvar lichen sclerosus 


Mario: Sideri, MD, Fabio Parazzini, MD, Maria Teresa Rognoni, MD, Carlo La Vecchia, MD, 


< Eva Negri, ScD, Salvatore Garsia, MD, Elena Arnoletti, MD, and Gabriela Cecchetti, MD 
Milan, Italy, and Lausanne, Switzerland 


The risk factors for vulvar lichen sclerosus have been assessed in a case-control study: the risk 
increased with increasing parity and decreasing intake of retinoid, but no relation emerged 
with menopausal status, socioeconomic indicators, smoking, and sexual habits. 


Fetal liver length in normal and isoimmunized pregnancies 
Alistair B. Roberts, MD, Jennifer M. Mitchell, and Neil S. Pattison, MD 
Auckland, New Zealand 


Ultrasonographic assessment of fetal liver length measurements correlates well with fetal 
hemoglobin levels in isoimmunized pregnancies. 


Does midtrimester AOD450 of amniotic fluid reflect severity of Rh 
disease? 

Uma Ananth, MD, And John T. Queenan, MD 

Washington, D.C. 


Second-trimester elevated amniotic fluid delta optical densities indicate severely affected 
fetuses. 


Increased frequency of detection of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells during pregnancy 


Robert F. Rando, PhD, Steven Lindheim, MD, Lisa Hasty, MD, Thomas V. Sedlacek, MD, 
Mark Woodland, MD, and Catherine Eder, BA 
Philadelphia, Pennsylvania 


Detectable levels of HPV DNA in exfoliated cervical cells increased dramatically during 
pregnancy and a natural fluctuation in the detectable levels of HPV was observed over time. 
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-Mechanism for human papillomavirus transmission at birth Oo BB 
Thomas V. Sedlacek, MD, Steven Lindheim, MD, Catherine Eder, BA, Lisa Hasty, MD, Mark Woodland, MD, z 
Avi Ludomirsky, MD, and Robert F. Rando, PhD : 
Philadelphia, Pennsylvania 





- HPV DNA was detected in the nasopharyngeal cavity of neonates. 


-A ten-year experience treating cervical intraepithelial neoplasia with the 
CO, laser 
Michael S. Baggish, MD, James H. Dorsey, MD, and Mark Adelson, MD 
Syracuse, New York, and Baltimore, Maryland 


Cure rates for cervical intraepithelial neoplasia between 94% and 97% were obtained in 4024 
women treated with the CQ, laser. 


Anal submucosal injection: A new route for drug administration in pelvic 
malignancies. IV. Submucosal anal injection in the treatment of cancer of 
uterine cervix—Preliminary study 

Ahmed Shafik, MD 


Cairo, Egypt 


Seven patients with advanced cancer of the uterine cervix, treated by anal submucosal 
injection of methotrexate, showed complete response with no side effects. 


Aggressive angiomyxoma first diagnosed as levator hernia 
; Gregory P. Sutton, MD, Robert E. Rogers, MD, Lawrence M. Roth, MD, and Clarence E. Ehrlich, MD 
ae Indianapolis, Indiana 


a Physical findings of an aggressive angiomyxoma first suggested a levator Bergit computed 
tomography aided in the diagnosis and excision. 





Asymptomatic thrombocytopenia associated with chorioangioma of k , 76 
- placenta : 

Nirmala S. Limaye, MD, and Jean-Gilles Tchabo, MD 

Arlington, Virginia 


‘A case of chorioangioma is presented. 


First-trimester and early second-trimester diagnosis of nuchal cystic 78 
i hygroma by transvaginal sonography: Diverse prognosis of the septated 
-from the nonseptated lesion 
M: Bronshtein, MD, S. Rottem, MD, N. Yoffe, MD, and Z. Blumenfeld, MD 
‘` Haifa, Israel 


Half of eight cases of nuchal cystic hygroma were nonseptated and normal fetuses resulted; 
the other four cases had septated lesions and ended in fetal death or were associated with 
aneuploidy. 
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Enlarged cisterna magna in trisomy 18: Prenatal ultrasonographic 83 
-diagnosis , 
Amy S. Thurmond, MD, David W. Nelson, MD, Richard I. Lowensohn, MD, William P. Young, MD, and 
‘Lowell Davis, MD 
Portland, Oregon 


Ultrasonographic visualization of an enlarged cisterna magna was the initial clue that led to 
the prenatal diagnosis of trisomy 18 in five patients. 


Neonatal mortality in normal birth weight babies: Does the level of 86 
hospital care make a difference? 
Cynthia J. Berg, MD, Charlotte M. Druschel, MD, MPH, Brian J. McCarthy, MD, Michael LaVoie, and 
R: Louise Floyd; RN, MSN 
- Atlantā; Georgia 


s Women with high prepartum risk scores who were delivered of normal birth weight infants 
chada lower neonatal mortality rate if delivery occurred in a level 2 or 3 hospital. 


Postdate fetal surveillance: Is 41 weeks too early? 91 
Denise A. Guidetti, MD, Michael Y. Divon, MD, and Oded Langer, MD 
Bronx, New York 


The abnormal fetal testing and adverse perinatal outcome associated with pregnancies >42 
weeks were also found in pregnancies between 41 and 42 weeks’ gestation. 


Sarcoma associated with pregnancy arene T 
Yutaka Kyodo, MD, Kenji Inatomi, MD, and Tadayuki Abe, MD 
Shizuoka, Japan 


Sarcoma associated with pregnancy is reported; the patient underwent a cesarean section with 
myomectomy. 


Primary stress urinary incontinence and pelvic relaxation: Prospective pE 
randomized comparison of three different operations i 
Arieh Bergman; MD, Paul P. Koonings, MD, and Charles A. Ballard, MD 
Los Angeles, California 


The Burch urethropexy resulted in a better cure rate in women with pelvic relaxation and 
stress urinary. incontinence than did the Pereyra procedure or anterior colporrhaphy. 


Saline solution amnioinfusion for oligohydramnios after premature : 102 
rupture of the membranes : 

Motoharu Imanaka, MD, Sachio Ogita, MD, and Tadashi Sugawa, MD 

Osaka, Japan 


Saline solution that contained antibiotics was infused directly into the amniotic cavity: by 
means of a new cervical catheter to successfully treat oligohydramnios after premature 
“rupture of the membranes. 
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Prematurity among insulin-requiring diabetic gravid women k 
Michael F. Greene, MD, John W. Hare, MD, Martha Krache, RN, MPH, Mark Phillippe. ? MD, 
Vanessa A. Barss, MD, Daniel H. Saltzman, MD, Allan Nadel, MD, M. Donna Younger, MD, 
< Linda Heffner, MD, PhD, and J. Elizabeth Scherl, MD 
“Boston, Massachusetts 


Hypertension was the single most important immediate cause of and risk factor for premature 
delivery among 420 diabetic gravid women. 


Management of the nonvertex second twin: Primary cesarean section, 
external version, or primary breech extraction : 
Stephen E. Gocke, MD, Michael P. Nageotte, MD, Thomas Garite, MD, ae V. Towers, MD, 
and Wendy Dorcester, PhD 

-<c Fresno and Long Beach, California 





Similar neonatal outcomes were seen when nonvertex second twins were delivered by cesarean 
section, external version, or breech extraction; however, intrapartum complications were more 
common when external version was attempted. 


“Magnesium supplementation during pregnancy: A double-blind 

-randomized controlled clinical trial 
Baha M. Sibai, MD, Marco A. Villar L., MD, and Eileen Bray, RNC 
Memphis, Tennessee 


Magnesium supplementation during pregnancy starting at 13 to 26 weeks’ gestation did not 
reduce the incidence of either preeclampsia or fetal growth retardation. 







Methicillin-resistant staphylococcal mastitis 
s Kalstone, MD. 
“Miami; Florida 





Postpartum mastitis that does not respond to standard antibiotic therapy may require oral ` 
trimethoprim and sulfamethoxazole (Bactrim, Septra) or intravenous vancomycin for 
--omethicillin-resistant staphylococci. 


Gestational trophoblastic disease: A case-control study from the 1210 
People’s Republic of China 

Louise A. Brinton, PhD, Bao-Zhen Wu, MD, Wen Wang, MD, Abby G. Ershow, ScD,  Hong-Zhao Song, MD, 

Jun‘Yao Li, MD, Michael B. Bracken, PhD, and William J. Blot, PhD 
“Bethesda, Maryland, Beijing, People’s Republic of China, and New Haven, Connecticut 


_ A case-control study in the People’s Republic of China of 331 patients with complete 
~~ hydatidiform mole and 662 community controls showed reduced risks associated with a prior 
term birth or a history of infertility and increased risks with prior induced abortions, use of 
herbal medicines during pregnancy, and extended durations of oral contraceptive use. 
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Randomized treatment of mucopurulent cervicitis with doxycycline or | 128 
amoxicillin 

Jorma Paavonen, MD, Pacita L, Roberts, MS, Claire E. Stevens, MA, PA, Pål Welner-Hanssen, MD, 

Robert C. Brunham, MD, Sharon Hillier, PhD, Walter E: Stamm, MD, Cho-Chou Kuo, MD, 

Timothy DeRouen, PhD, King K. Holmes, MD, PhD, and David A. Eschenbach, MD 

-= Seattle, Washington 


Doxycycline and amoxicillin effectively treated chlamydial and nonchlamydial cervicitis, as 
assessed by clinical and microbiologic criteria. 


Right ventricular dysfunction in human fetal compromise 136- 
Juha Räsänen, MD, Pertti Kirkinen, MD, and Pentti Jouppila, MD 
Oulu, Finland 


Fetal M-mode echocardiography demonstrated decreased right ventricular fractional 
shortening and increased right/left ratio of ventricular inner end-diastolic diameters in fetuses 
with severe intrauterine distress. 


Preterm and term fetal cardiac and movement responses to vibratory 144 
acoustic stimulation 
Ronald L. Thomas, MD, Timothy R. B. Johnson, MD, Richard E. Besinger, MD, Deedra Rafkin, RN, 
Catharine Treanor, RN, and Donna Strobino, PhD 

Baltimore, Maryland 


High occurrence of increased baseline, tachycardia, and unusual fetal heart rate patterns. 
accompanies use of vibratory acoustic stimulation. 


Effect of physician characteristics on the cesarean birth rate 146 
Gertrud S. Berkowitz, PhD, Gale S. Fiarman, MD, Michael A. Mojica, MD, Jay Bauman, MD, and 

Roberta Haynes de Regt, MD 

New York and Elmhurst, New York 


Physician characteristics may affect the indications for which cesarean sections are performed. 


Court-ordered cesarean section: An analysis of ethical concerns in 150 
compelling cases 

Thomas E; Elkins, MD, H, Frank Andersen, MD, Mel Barclay, MD, Tina Mason, MD, Noelle Bowdler, MD, 
and Garland Anderson, MD 

Ann Arbor, Michigan, and Memphis, Tennessee 


A discussion is presented of the ethical concerns that arise when a court order is sought to 
perform a cesarean section. 


Removing a retained placenta by oxytocin—A controlled study - 155 
Charlotte Wilken-Jensen, MD, Verner Strøm, MD, Meta Damkjær Nielsen, MSc, and Li 
Bo Rosenkilde-Gram, MD 

Gentofte, Denmark 


Retained placenta can successfully and safely be treated with injection of 100 TU of oxytocin : 
- into an umbilical vein. : 
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The use of transvaginal ultrasonography in the diagnosis of ectopic i 157 
pregnancy : 
Han E. Timor-Tritsch, MD, Ming N. Yeh, MD, David B. Peisner, MD, Karen B. Lesser, MD, 
and Theresa A. Slavik; BA, RDMS 








High-frequency transvaginal ultrasonography proved to be effective in the workup of the 
patient with suspected ectopic pregnancy. 


lleocecal vaginal construction Pe tee 
Rainer A. Bürger, MD, Hubertus Riedmiller, MD, Paul G. Knapstein, MD, Volker Friedberg, MD, E 
and Rudolf Hohenfeliner, MD 
Mainz, West Germany 


Indications for ileocecal and cecal vaginoplasty with detailed descriptions of operative and 
vaginal replacement techniques are reviewed and discussed. 


Renal artery flow-velocity waveforms in normal and hypoxemic fetuses . 168 
S. Vyas, MD, K. H. Nicolaides, MD, and S. Campbell, MD 
London, England 


The fetal renal artery was identified by color flow mapping, and a reference range of the 

. pulsatility index with gestation was established; subsequently, 18 SGA fetuses were examined 
and a significant correlation found between degree of fetal hypoxemia and increase in renal 
artery pulsatility index. 


Twin pregnancy in premature ovarian failure after estrogen treatment: A oh SAS ATE 
case report ee 
Lawrence Tang, MD, and Robert S. Sawers, MD 
Birmingham, England 





A patient with premature ovarian failure was given estrogen treatment that unexpectedly 
induced superovulation, resulting in a dizygotic twin pregnancy. 


Uterine development and endocrine relationships after menarche 174: 
Eleonora Porcu, MD, Stefano Venturoli, MD, Raffaella Fabbri, BSc, Luigi F. Orsini; MD, Emilia sian MD, 
Lorena Brondelli, MD, Roberto Paradisi, MD, and Carlo Flamigni, MD 

Bologna, Italy 


The uterus continues to grow after menarche. 


Leiomyoma of the ovary with ascites and hydrothorax 177. 
Jonathan J. Nicoll, MA, and Peter J. Cox, MS 
London, England 


We describe a case in which leiomyoma of the ovary occurred with ascites and hydrothorax. 
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individual growth c curve: standards in twins: Prediction of third-trimester 
growth and birth characteristics 


Theodor Stefos, MD, Russell L. Deter, MD, Reba M. Hill, MD, and Nicolas V. Simon, MD: 
Houston, Texas, and York, Pennsylvania 


Rossavik growth models for five anatomic parameters, derived from second-trimester growth 
curves, accurately predicted third-trimester growth and birth characteristics in twins, as they 
do in singletons. 


Effect of birth weight, race, and sex on survival of low-birth-weight 
infants in neonatal intensive care 


` Michael B. Resnick, EdD, Randy L. Carter, PhD, Mario Ariet, PhD, Richard L: Buctiarelfi, MD, 
Janet H. Evans, MSPA, Robert R. Furlough, PhD, William W. Ausbon, MD, and John S; Curran; MD 


‘Gainesville, Tallahassee, and Tampa, Florida 


Curves by race and sex illustrate the probability of survival of neonates at any specific birth 
: weight. 


: Effects of maternal hyperoxia on the biophysical assessment of fetuses 
< with suspected intrauterine growth retardation 
` David A. Ruedrich, MD, Lawrence D. Devoe, MD, and Nancy Searle, BA 
Augusta, Georgia 


The biophysical effects of maternal hyperoxia may improve the diagnostic accuracy of 
detecting intrauterine growth retardation. 


Fetal radius length: A critical evaluation of race as a factor in gestational 
age assessment 

Lyndon M. Hill, MD, David Guzick, MD, PhD, Marion L. Thomas, RT, RDMS, and 
Joanne. K. Fries, RDMS 
Pittsburgh, Pennsylvania 


Assessment of gestational age from radius length incorporates racial factor. 


Pregnancy after aortofemoral bypass grafting in a diabetic patient 
P. J. Bradley- Watson, FRCS, FRCOG 
Dyfed, Wales 


A successful. pregnancy after aortofemoral bypass grafting in a diabetic patient is described: 
this is believed to be the first case of its kind to be reported. 


Fentanyl! citrate analgesia during labor 

. William Rayburn, MD, Anne Rathke, RN, M. Patricia Leuschen, PhD, Jan Chleborad, MD, 
cand William Weidner, MD 

Omaha, Nebraska 


Intravenous fentanyl citrate, a potent and short-acting narcotic, was helpful during labor. 
without immediate or prolonged hazards to the mother or unborn infant. 
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- : Significance of D-mannose as a sperm receptor site on the zona 
pellucida in human fertilization 
Kazumasa Mori, MD, Toshifumi Daitoh, MD, DMSc, Minoru Irahara, MD, DMSc, 
Masaharu Kamada, MD; DMSc, and Toshihiro Aono, MD, DMSc 
ce Tokushima, Japan 


; Pretreatments of spermatozoa with D-mannose or of the zona pellucida with concanavalin A 
completely inhibited sperm penetration through the human zona pellucida. 


The importance of ultrasonography in infertile women with “forgotten” 211 
intrauterine contraceptive devices 
Raphael Ron-El, MD, Zvi Weinraub, MD, Rami Langer, MD, Ian Bukovsky, MD, and Eliahu Caspi, MD 
Zerifin and Tel Aviv, Israel 






Ultrasonography is a reliable method in diagnosis of an in situ “forgotten” intrauterine 
contraceptive device. 


Acid-base status at birth and neurodevelopmental outcome at four and ~ 213 : ; 
one-half years DET 
Jennifer Dennis, DM, Ann Johnson, MD, Lesley Mutch, MD, Patricia Yudkin, MA; and Paul Johnson, MB, ChB: 


Oxford, England 


A study of 230 term infants showed no statistically significant association between acid-base 
status at birth and any aspect of neurodevelopment at age 4⁄2 years. 
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a - The effect of elevated blood glucose on the electroencaphaicutim. and 

cerebral metabolism during short-term brain ischemia in fetal sheep 
Conrad R, Chao, MD, A. Roger Hohimer, PhD, and John M. Bissonnette, MD 
Portland, Oregon 





Elevation of blood glucose before cerebral ischemia prevents the attenuation of 
electroencephalographic amplitude seen during ischemia at normal blood glucose levels. 


Uncoupling of excitation from contraction in uterine smooth muscle in 229. 
near-term ewes : 
Deborah L. Reid, PhD, Mark C. Hollister, MD, Susan R. Davidson, MD, Terrance.M. Phernetton, BS, 

and John H. G. Rankin, PhD 

“Madison, Wisconsin 


A new method of assessing tocolytic efficacy is described; prostaglandin Ex~induced changes 
in intrauterine pressure were suppressed by forskolin but the uterine electromyogram was 
unaffected. 


Gestational diabetes in the BHE rat: Influence of dietary fat 234 
Juliana M. Bue, BS, Dorothy B. Hausman, PhD, and Carolyn D. Berdanier, PhD 
Athens, Georgia 


Long- and short-term feeding to BHE rats of a diet similar to that of human beings results in 
gestational diabetes. eee 
(Contents continued on page 16A) _ 
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Effect of inhibiting prostaglandin synthesis in pregnant sheep with 241 
4-aminoantipyrine under normothermic and hyperthermic conditions 

Peter Andrianakis, BSc(Hons.), David W. Walker, PhD, Meredith M. Ralph, PhD, and 

Geoffrey D. Thorburn, MD 

Clayton, Victoria, Australia 


The inhibition of prostaglandin synthesis by 4-aminoantipyrine severely compromises fetal 
well-being during episodes of hyperthermia. 


Progesterone antagonist lilopristone: A potent abortifacient in the l 248 
common marmoset 
„Chander P. Puri, PhD, Rohini K. Patil, BSc, Sanjiv D. Kholkute, PhD, Walter A. G. Elger, MD, 
and Xavier R, Swamy, BA 
Bombay, India, and Berlin, Federal Republic of Germany 


Administration of ZK 98.734 around the time of implantation or during early or mid 
gestation terminates pregnancy in the common marmoset. 











Fetal death: Diagnosis and management Paul Merlob, MD Petah Tikva, Israel 254 


Data sought to link adverse pregnancy outcome with maternal serum a-fetoprotein levels in black 
gravid women Roger R. Lenke, MD Toledo, Ohio 254 


Reply James N. Macri, PhD, Ramana V. Kasturi, BE, MS, Mannshya G. Hu, PhD, David A. Krantz, BS, 
Timothy J. Douros, Paul Sajda, and Edward J. Cook, PhD Carle Place, New York 254 


_ Frequency and timing of intravascular intrauterine transfusions reconsidered Liliana S. Voto, MD, and 
Miguel Margulies, MD Buenos Aires, Argentina 255 


Reply Michael L. Socol, MD, Scott N. MacGregor, DO, Bruce W, Pielet, MD, Ralph K. Tamura, MD, and 
Rudy E. Sabbagha, MD Chicago, Illinois 255 


Basic reference gambles recommended for utility assessment J. G. Thornton, MD, and R. J. Lilford, PhD 
` Leeds, England 256 


Reply Richard Silver, MD, and Jack Minogue, DMin Evanston, Illinois 257 

Detection of fetal blood Joseph R. Leiberman, MD, Moshe Mazor, MD, and Adolph Cohen, MD Beer Sheva, Israel 257. 
Reply Michael S. Cardwell, MD Columbia, Missouri 257 

Role of ferritin supported in diagnosis. of anemias of pregnancy Robert C. Goodlin, MD Denver, Colorado 258 
Reply Ron B. Schifman, MD Tucson, Arizona 258 


Does terbutaline cause uterine atony and increase intraoperative blood loss? Mark S. Brown, MD 
Columbus, Ohio 259 


Reply Michael S. Patriarco, DO Allentown, Pennsylvania 259 


Oxytocin may explain neonatal seizures Robert C. Goodlin, MD Denver, Colorado 259 
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“When breakthrough bleedin 
to me I was scared, 
and that's why I called my 


She deserves a 











better start 
TRIELEVLEN 


Levonorgestrel and ethinyl estradiol tablets —Triphasic regimen 


54" less breakthrough bleeding’ 
than Ortho-Novumt' 7/7/7 


Demonstrated in the largest parallel 
comparative trial of triphasic OCs to date" 


*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The physician should remain 
alert to the earliest symptoms of serious disease and discontinue oral contraceptive therapy when appropriate. Please see full 
prescribing information, a brief summary of which follows. 

+100 women randomly assigned to Tri-Levien® tablets or Ortho-Novum® 7/7/7; 50 women placed on nonhormonal 
contraception as a control. Evaluations were made at baseline and once a month for 6 months. 

One cycle of Tri-Levien® tablets aad provides: ethinyl estradiol-30 mcg/day for 6 days, 40 meglday for 5 days and 

30 mcg/day for 10 days; levonorgestrel—50 mcg/day for 6 days, 75 mcg/day for 5 Soye and 125 mcg/day for 10 days. One 
cycle of Ortho-Novum® 7/7/7 therapy provides: ethinyl estradiol-35 mcg/day for 21 days; norethindrone—500 mcg/day for 
7 days, 750 mcg/day for 7 days and 1000 mcg/day for 7 days. 


Ortho-Novum® is a registered trademark of Ortho Pharmaceutical Corp. 


N Dedicated to innovation 
C9 BERLEX in OB/GYN medicine 


TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN® 21 tablets—Triphasic regimen 


SRIEF SUMMARY 

ti-Levien®—6 brown tablets, each containing 0.050 mg of levonorgestre! (d{-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
jon-4-en-3-onel, a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-I7ee-pregna-1,3,5(10)-trien-20-yne-3, 17- 
liol): 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
ontaining 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
he 28-day triphasic regimen), 

sdications and Usage-— Iri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
DCs) as a method of contraception. 

é iens—-OCs should not be used in women with any of the following conditions: I. Thrombophiebitis or thromboembolic 
isorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vasculat or coronary-artery 
isease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
bnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
eveloped during the use of OCs or other estrogen-cantaining products. 











Cigarette smaking increases the risk of serious cardiovascular sida effects from eral contraceptive use, This risk increases with age and 
with heavy smoking (15 or more cigarettes por day) and is quite marked in women ever 35 years of age. Women who use oral 
centracaptives should be strongly advised not te smoke, 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension, Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


Thtomboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
ith the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
creased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
rat users af OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
EREBROVASCULAR DISORDERS—-In a collaborative American study of cerebrovascular disorders in women with and without 
‘edisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
wombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

YOCARDIAL INFARCTION An increased risk of myocardial intarction associated with the use of OCs has been reported, confirming a 
‘eviously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
derlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
H: OCs, however, were found to be a clear additional risk factor. in terms of relative rish, it has been estimated that OC users who do 
At smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
yocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-told increased risk of fatal 
farction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
irthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
seline sates for various age groups must be given serious consideration. The importance of ather predisposing conditions mentioned 
rave in-determining relative and absolute risks has not as yet been quantified. it is quite likely that the same synergistic action 
ists, but perhaps to a lesser extent. 
SK OF DOSE-—-In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
included that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
eparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
1-80 meg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
iding has been confirmed in the United States. 
iTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES-—A large prospective study carried out in the U.K, estimated the 
artality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers at OCs according to age. 
noking habits and duration of use. The overall excess death rate annually trom circulatory diseases for OC users was estimated to be 
V per 100,000 (ages 15-34---5/100,000: ages 35-44---33/100,000; ages 45-49—. 140/100,000), the risk being concentrated in 
Jer women, in those with a long duration of use and in cigarette smokers, It was not 
ssible, however, to examine the interrelationships of age, smoking and duration of use, 
rto compare the effects of continuous vs. intermittent use. Although the study showed 
|0-fold increase in death due to circulatory diseases in users tor 5 or more years, all ot 
sse deaths occurred in women 35 or older, Until larger numbers of women under 35 with 
ntinuous use for 5 or more years are available, it is not possible to assess the 
agnitude of the relative risk for this younger age group. The available data from a 
riety of sources have been analyzed to estimate the risk of death associated with 
rious methods of contraception. The estimates of risk of death for each method include 
2 combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
iease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
method failure. This latter risk varies with the effectiveness of the contraceptive 

athod. The study concluded that the mortality associated with afl methods of birth control is low and below that associated with 
ildbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
cked up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
proximately age 30 and, for myocardial infarction, is further increased by hypertension, hypetcholesterolemia, obesity, diabetes or 
story of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
inifestations of thrombophlebitis and thrombotic disorders (e.g, thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
mcy coronary occlusion, retinal thrombosis and mesenteric thrombosis) Should any of these occur or be suspected, the drug shouid 
discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported in OC 
ers, If feasible, OCs should be discontinued at least 4 weeks before surgery ot a type associated with an increased tisk of 
‘omboembotism or prolonged immobilization, 
RSISTENCE OF RISK OF VASCULAR DISORDERS—~Findings from one study in Great Britain involving cerebrovascular disease and 
other study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
‘sists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in tormer OC users 
at least six years after discontinuation. In the U.S. study an increased risk of myocardial infarction persisted for at least 9 years in 
men 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
t inconsistent with other published information. 
Ocular Lesions. There have been reports of neuro-oculat lesions, such as optic neuritis or retinal thrombosis, associated with the 
20f OCs, Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision: onset of proptosis 
diplopia; papilledema or retinal-vascular lesions. and institute appropriate diagnostic and therapeutic measures, 
Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
quency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestagens, none currently contained in OCs, have 
in noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
fe reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
itmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
mocarcinoma of the endometrium in women under 40 on OCs, Of the cases found in women without predisposing risk factors for 
snocarcinoma ot the endometrium (e.g, irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
nen who had used a sequential OC. These products are no longer marketed. No evidence has heen reported suggesting an 
teased tisk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
tease in breast cancer in women taking OCs or estrogens. One study, however, white also noting no overall increased risk of breast 
icer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
uced occurrence of benign breast tumors in users of OCs has been well-documented. in summary, there is at present no confirmed 
fence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
asures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
ocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 
tepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
nulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
atic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
las long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
lominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
gs to this type of malignancy is not known af this time. 

ise in or immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 

mones- both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. tt has heen 

wn that females exposed in utero to diethyistitbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 

n of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of ] in 1,000 

osures of less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 

ignancy, such patients should be monitored with particular care if they elect to use OCs, Furthermore, a high percentage of such 
ased- women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 

‘alogically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 

elop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 

sumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
sets, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 

‘ease in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests tor pregnancy 

tempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 

data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past. 
ale sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
lence that estrogens are ineffective for these indications, and there is no evidence from well-controlied studies that progestogens 
effective for these uses. There is some evidence that tripleidy and possibly other types of polyploidy are increased among abortuses 
a women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon. after stopping OCs is unknown. H 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. if! 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first mist 
period and further use of OCs should be withheld until pregnancy has been sled out. If pregnancy is confirmed, the patient should 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the fight 
these risks. It is alsa recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no prec 
information is available on which to base this recommendation. The admenistration of progestogen-only or progestogen-estrog 
combinations to induce withdrawal bleeding should not be used as a test.of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. in one of the other studies, 
increased risk was apparent between 6 and 12 months of use. 

7. Carbohydrate. and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs, An increase 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the 1 
Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lit 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of the 
findings remains to be defined, 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients teceiving OCs, In some women, hypertensi 
may occur within a few months of beginning OC use. In the first year of use, the prevalence af women with hypertension is (ow in ust 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposui 
and in the fifth year of use is two-and-a-half to thrae times the reported prevalence in the first year. Age is also strongly correlated wi 
the development of hypertension in OC users, Women who previously have had hypertension during pregnancy may be more likely 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to norm 
after discontinuing the drug. 

9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent 
severe, requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding irregularities: Breakthrough bleeding, spotting and amenorrhes are frequent reasons tor patients discontinuing OCs, 
breakthrough bleeding, as in ali cases of irregular bleeding from the vagina, nonfunctional causes should be home in mind, 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule o 
pregnancy or malignancy, If pathology has been excluded, time or a change to:another formulation may solve the problem. Changing 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregutarity should be done only if necessa 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorthea or secondary amenorrhea 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic atter discontinuation 
OCs, Women with these preexisting problems should he advised of this possibility and encouraged to use other contraceptive method 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

EL Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding: OCs given in the postpartum period may interfere with lactation, There may be a decrease in the quantity ar 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the miik of mothe: 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible. the use of OCs should t 
deferred until the infant has been weaned. 

Precautions-—~GENERAL---1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatmer 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organ: 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for tonger than } ye: 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparation: 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed an 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs shoul 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. | 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patient 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac t 
renal insufficiency. 5, Patients with a past history o? jaundice during pregnancy have an increased risk of recurrence of jaundice whil 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroi 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in suc 

patients. 7. OC users may have disturbances in normal tryptophan metabolism whic 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to b 


rmined. 8. Serum folate levels may be depresse erapy, Since the pregnan 
® determined, 8. Serum tolate leveis may be d d by OC therapy, Since the ri 

Y woman is predisposed to the development of folate deficiency and the incidence of fotat 

deficiency increases with increasing gestation, it is possible that if a woman become 

pregnant shortly after stopping OCs, she may have a greater chance of developing folat 


Levonorgestrel and ethinyl estradiol tablets ~ 
Triphasic regimen 


deficiency and complications attributed to this deficiency. 9. The pathologist should b 
advised of OC therapy when relevant specimens are submitted, 10. Certain endocrine 
and liver-function tests and blood components may be affected by estrogen-containin; 
OCs: a. Increased sulfobromophthalein retention. b. increased prothrombin and factor 
VIL, VIN. IX and X; decreased antithrombin 3. increased norepinephrine-induced platele 
aggregability. c. Increased thyroid-binding kiaule {TBG) leading to increased circulat 
protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptaki 
T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced responsi 


ing total-thyroid hormone, as measured 

1s decreased, reflecting the elevated TBG; 
to metyrapone test, 

information for the Patient---See Patient Package Labeling 

Drug iateractions---Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use o 
nifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline 
Carcinagenesis—-See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy-—-Pregnancy Category X. See “Contraindications" and “Warnings.” 

Warsing Mothers——See “Warnings.” 

Averse Reactions-—An increased risk of the following serious adverse reactions has been associated with the use of OCs (set 
“Warnings’): thrombophlebitis. pulmonary embolism, coronary thrombosis, cerebrai thrombosis, cerebral hemorrhage, hypertension 
galibladder disease, benign hepatomas, congenitat anomalies. 

There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies art 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/o 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdomina 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea, amenorrhea during and afte! 
treatment; temporary infertility after discontinuance of treatment; edema, chloasma or melasma which may persist; breast changes 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when giver 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression 
reduced tolerance to carbohydrates; vaginal candidiasis: change in comeal curvature (steepening); intolerance to contact lenses 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted 

premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption. vaginitis, 
porphyria, hemolytic uremic syndrome. 

heute Overdose——-Serious ilt effects have not been reported following acute ingestion of large doses of OCs by young children 
Overdosage may cause nausea, and withdrawal bleeding may occur in femaies. 

Dosage and Administration To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethiny! Estradiol 
Tablets-—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. {If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration, The possibility of ovulation.and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 

For tuli details on dosage and administration see prescribing information in package insert. 60611-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 


TRI-LEVLEN is a registered trademark of Berlex Laboratories, Inc. 
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For career and country: Why Dr Mike Wilson 
became an Air Force physician 








“When I finished my residency at the Mayo Clinic, I 
headed home to Iowa to fulfill my dream of being a commu- 
nity-based orthopedic surgeon. But after several years in 
which it seemed I spent more time shuffling papers than 
seeing patients, I realized I was missing the things I wanted 
from my career in medicine. Helping. Teaching. Learning. 


“That’s when I investigated the Air Force. I was 
impressed by what it could offer: The opportunity to see, 
treat, and follow up on a diverse, interesting population; the 
academic stimulation of preparing and participating in teach- 
ing conferences; the chance to be part of a team that has a 
clearly defined, vital mission in the world. 


“Sure, I don’t gross as much as my peers in private prac- 
tice, but I don’t pay out as much, either. Health insurance is 
not necessary and I earn 30 days of vacation with pay each 
year; I don’t pay a penny for malpractice insurance, staff 
salaries, or rent. I even receive an untaxed housing allow- 
ance, and an excellent, non-contributory pension plan. 

“Plus, there’s the intangible satisfaction of doing some- 
thing meaningful for a country that, frankly, has been very 
good to me. 

“For the right person, being an Air Force physician is the 
best practice in the world. It is for me.” 
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For career and country, find out more about becoming an 
Air Force physician. Call toll-free 1-800-423-USAF. Or send your 
curriculum vitae to Col William E. Patterson, HQ USAFRS/RSH, 
Randolph AFB, TX 78150. 


Expand your horizons. 
Become an Air Force physician. 
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Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
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A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 
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observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
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Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
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crine cancer. In: van Herendael HB, Riphagen FE, 
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Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 
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Do not use paper clips or mar the surface of prints in any 
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numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. Zf a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 


the legend, not on the print. Original magnifications 
should be provided. Zf an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the Jour- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
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“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V. Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 
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—Reprint requests line or line stating reprints not 
available 

—Short title 
—Condensation (double-spaced) 

—Abstract (double-spaced), 3 to 5 key words/phrases 
—Article proper (double-spaced) 

—References (double-spaced), on a separate sheet 
—Legends (double-spaced), on a separate sheet 
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ore 
switching my pill, 
I could bleed 
at any time... 
or not havea 
period at all?” 





LO/OVRAL helps elimi- 
nate the distress caused 
by cycle irregularities 
that commonly 
accompany some oral 
contraceptives. 

A switch to low dose 
LO/OVRAL also reduces 
the estrogen dose: 

e Down 14.3% from 
35 mcg tablets. 

e Down 40.0% from 
50 mcg tablets. 


LO/OVRAL, the inci- 

dence of breakthrough Cape? i 

bleeding is only 2.9% E a 

andamenorrheaisalow LAJ NJ NYINA Ni 

0 3% par ment ee mia ó Y., A razz 
; : : : each tablet contains 30 mcg ethinyl estradiol with 

No generic substi- 0.3 mg norgestrel, Wyeth 
tutes. Patented, low 
dose LO/OVRAL assures 


W i ? i 
teore There's nothing 
receives. like 1t tO regain 

cycle control 


MAINTAIN CONTROL... 
LOW DOSE LO/OVRAL® CANNOT 
BE GENERICALLY SUBSTITUTED! 


Reference: 1. Woutersz TB. A low-dose combination 

oral contraceptive: Experience with 1,700 women 

treated for 22,489 cycles. J Reprod Med. 1981;26:61 5-620. 
Serious as well as minor adverse reactions have been 
reported following the use of all oral contraceptives. 

See important information on adjacent page. 

©1989, Wyeth Laboratories. 





IN BRIEF: 
indications and —LO/OVRAL* is indicated for the prevention of pregnancy in women who elect to use 
oral contraceptives (OC's) as a method of contr: ion. 
Contraindications — OC's should not be used in women with any of the following conditions: 
1. Thrombophiebitis or thromboembolic disorders. i 
2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 
3. Cerebral-vascuiar or coronary-artery disease. 
4. Known or suspected carcinoma of the breast. 
5. Known or suspected estrogen-dependent neoplasia. 
6. Undiagnosed abnormal genital bleeding. i . 
7. Known or suspected pregnancy (see Warning No. 5). 
8. Benign or malignant liver tumor which developed during use of OC's or other estrogen-containing, 
products. 


Warnings 
Cigarette smoking increases the risk ot serious cardiovascular side effects trom oral Contraceptive use. 
on Over 3S mar oh ae ae heavy smoking (15 or more cigarettes per day) and is quite marked in 
women over 35 years of age. Women who use oral contraceptives be strongly advised not to smoke. 
The use of oral contraceptives is associated with increased risk of several serious Conditions, including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension 
eer prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


1. Thromboembolic Disorders and Other Vascular Problems.—An increased tisk of thromboembolic and 
thrombotic disease associated with use of OC's is well established. Three principal studies in Great Britain and 
3 in the U.S. have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of OC's are 4to 1 times more likely than 
nonusers to develop these diseases without evident cause, 

CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 
times greater in users than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than 
in nonusers. 

MYOCARDIAL INFARCTION (Mi)—An increased risk of MI associated with use of OC's has been reported, 
Confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that 
the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hypertension, 

















Suggest, however, that 
quantity of estrogen may not be the sole factor involved. This finding has been confirmed in the U.S. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES —A large prospective study carried out 
in. the UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate 
annually from circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34—§/100,000; 
ages 35-44 — 33/100,000, ages 45-49— 140/100,000), risk being concentrated in older women, in those with 
jong duration of use, and in ci le smokers. It was not possible, however, to examine interrelationships of 
age, smoking, and duration of use, nor to compare effects of continuous vs, intermittent use. Although the 
Study showed a 10-foid increase in death due to Circulatory diseases in users for 5 or more years, all these 
deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or 
more years are available, itis not possible to assess magnitude of relative risk for this younger group. Available 
from a variety of sources have been analyzed to estimate risk of death associated with various methods of 


Sis associated with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or com- 
plete loss of vision; onset of proptosis or dipiopia; papiliedema; or retinal-vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 

3. Carcinoma — Long-term continuous administration of either natural or synthetic estrogen in certain animal 
Species increases frequency of carcinoma of the breast, cervix, vagina, and liver, Certain synthetic progesto- 
gens, None Currently contained in OC's, have been noted to increase incidence of mammary nodules, benign 
and malignant, in dogs. in humans, 3 case-control studies have reported an increased risk of endometnat 
carcinoma associated with prolonged use of exogenous estragen in postmenopausal women. One publication 
reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the endo- 
metrium in women under 40 on OC's. Of cases found in women without predisposing risk factors (e.g, irregu- 
tar bleeding at the time OC's were first given, polycystic ovaries), nearly all accurred in women who had used a 
sequential OC. These are no longer marketed. No evidence has been reported si ting increased risk of 
endometrial cancer in users of conventional combination or progest -only OC's. Several studies have 
found no increase in breast cancer in women taking OC's or estrogens. Study, however, while aiso noting 
no overall increased risk of breast cancer in women on OC's, found an excess risk in subgroups of OC users 
with documented benign breast disease. Reduced occurrence of benign breast tumors in users of OC's has 
been weil documented. In summary, there is at Present no confirmed evidence from human studies of 
increased risk of cancer associated with OC's. Close Clinical surveillance of all women on OC's is, neverthe- 
less, essential, in ait cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or with breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with 
particular care if they elect to use OC's. 

4. Hepatic Tumors — Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. 
Athough benign, hepatic adenomas may rupture and may cause death through intra-abdominal hemor- 
thage. This has been reported in short-term as well as long-term users. Two studies relate risk with duration of 
use of OC's, the risk being much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be 
considered in women presenting abdominal pain and tenderness, abdominal mass or shock. A few cases of 
hepatocellular carcinoma have been reported in wormen on OC's. Relationship of these drugs to this type of 
malignancy is not known. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Off- 
spring--Use of female sex hormones—both estrogenic and progestational agents during early pregnancy 
May seriously damage the offspring. it has been shown that females exposed in utero to diethyistilbestrol, a 
nonsteroidal estrogen, have increased risk of developing in later fe a form of vaginal or cervical cancer ordi- 
narily extremely rare, This risk has been estimated to be of the order of 1 in 1,000 exposures or less. Although 
there is no evidence now that OC’s further enhance risk of developing this type of malignancy, such patients 
Should be monitored with particular care if they elect to use OC's. Furthermore, 30 to % of such exposed 
women have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition isa precursor of vaginal malignancy. Male children 
s0 exposed may develop abnormalities of the urogenital tract. Aithough similar data are not available with use 
of other estragens, it cannot be presumed they would not induce similar changes. An increased risk of con- 
genital anomalies, including heart defects and limb defects, has been reported with use of sex hormones, 
including OC's, in pregnancy. One case contra! Study estimated a 4.7-fold increase in risk of limb-reduction 
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defects in infants exposed in utero to sex hormones {OC’s, hormonal withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some exposures involved only a few days. Data Suggest that 


women who discontinue OC's with intent of becoming pregnant use an alternate form of contraception for a 
period of time before attempting to conceive. Many Clinicians recommend 3 months, although no precise 
information is available on which to base this. The administration of progestogen-estrogen combinations to 
induce withdrawal bleeding should not be used as a test of pregnancy. 
6, Gallbladder Disease— Studies report increased risk of Surgically confirmed galibladder disease in users of 
OC's and estrogens. in one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ 
use. in one of the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects -Decrease in glucose tolerance has been observed in a signifi- 
Cant percentage of patients on OC's For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. increase in triglycerides and total phospholipids has been observed in patiènts on 
OC's; clinical significance of this finding remains to be defined. 
8. Elevated Biood Pressure—increase in blood pressure has been reported in patients on OC's. in some 
women, hypertension may occur within a few months of beginning OC's, in the Ist year of use, prevalence of 
women with hypertension is low in users and may be no higher than that of a comparable group of nonusers. 
Prevalence in users increases, however, with longer exposure, and in the 5th year of use is 212 to 3 times the 
reported prevalence in the Ist year. Age is also strongly correlated with development of hypertension in OC 
users. Women who previously have had hypertension during pregnancy may be more likely to develop eleva- 
tion of blood pressure on OC's. Hypertension that develops as a result of taking OC's usually returns to normal 
after discontinuing the drug. 
9. Headache—-Onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10, Bleeding Irregularities — Breakthrough bleeding, spatting, and amenorrhea are frequent reasons for 
patients discontinuing OC's. in breakthrough bleeding, as in ali cases of irregular vaginal bleeding, nontunc- 
tional causes should be borne in mind 
in undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures 
are indicated to rule out pregnancy or malignancy. if pathology has been exciuded, time or change to another 
OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially useful in 
minimizing menstrual irregularity, should be done only if necessary, since this may increase risk of throm- 
boembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinu- 
ing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregu- 
tarities 
11. Ectopic Pregnancy -Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-teeding OC's given in the postpartum period may interfere with lactation and decrease quantity 
and quality of breast milk. Furthermore, a smalt fraction of the hormones in OC's has been identified in the 
milk of mothers on OC's; effects, if any, on the breast-fed child have not been determined. if feasible, defer 
OC's until infant has been weaned. 
PrecautionsGENERAL — 1. A complete medica and family history should be taken prior to initiation of OC's. 
Pretreatment and periadic physical examinations should include Special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. 
As a generai rule OC’s should not be prescribed for longer than 1 year without another physical examination. 
2. Under influence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase 
in size. 
3. Patients with history of psychic depression should be carefully observed and the drug Giatontinued if 
depression recurs to a serous degree: Patients becoming significantly depressed while on 
OC's and use an alternate me! to try to determine whether the symptom is drug-related, 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with 
Careful monitoring, in patients with conditions which might de aggravated by fluid retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency. 
5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on 
OC's. If jaundice develops, OC's should be discontinued. 
6. Steroid hormones may be Poorly metabolized in patients with impaired liver function and should be 
administered with caution. 
7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative 
pyridoxine deficiency. Clinical significance is undetermined 
8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development 
of folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that if a 
woman becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate 
deficiency and complications attributed to this deficiency, 
9. The pathologist should be advised of OC therapy when revelant specimens are submitted. 
10, Certain endocrine- and liver-function tests and biood components may be affected by estrogen-contain- 
ing OC's: a, Increased sulfobromophthalein retention. b. Increased prothrombin and factors Vil, VIH IX, and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggregability. c. increased thyroid- 
binding globulin (TBG) leading to increased Circulating total-thyroid hormone, as measured by protein-bound 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediot excretion. e. Reduced response 
to metyrapone test. 
ltormation for the Patient- See Patient Package Labeling. 

interactions — Reduced efficacy and increased incidence of breakthrough bleeding have been asso- 
ciated with concomitant use of rifampin. A similar association has been suggested with barbiturates, 
phenylbutazone, phenytoin sodium, ampicillin and tetracychine. 
Carcinogenesis —See Warnings on carcinogenic potential of OC's 
Pregnancy—Category X, See Contraincications, Warnings. 
Nursing Mothers —See Warnings. 
Adverse Reactions An increased risk of these serious adverse reactions has been associated with use of OC's 
(see Warnings): thrombophiebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral 
hemorrhage, hypertension, gallbladder disease, benign hepatomas, congenital anomalies. 
There is evidence of an association between the following conditions and use of OC's although additional 
confirmatory studies are needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and 
optic neuritis. 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related: 
nausea and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or 
tess of patients during the first cycle. Other reactions, as a general rule, are seen much less frequently or only 
occasionally, Gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bieeding, 
Spotting, change in menstrual flow: dysmenorrhea, amenorrhea during and after treatment, temporary infer- 
tility after discontinuance of treatment; edema; chioasma or melasma which May persist, breast changes: 
tenderness, enlargement, and secretion; change in weight (increase or decrease); change in cervicat erosion 
and cervical secretion: possible diminution in lactation when given immediately postpartum; cholestatic jaun- 
dice; migraine; increase in size of uterine leiomyomata:; rash fallergic}; mental depression; reduced tolerance 
to carbohydrates, vaginal candidiasis; change in corneal curvature {steepening), intolerance ta contact 
lenses. 
The following adverse reactions have been reported in users of OC's, and the association has been neither 
confirmed nor refuted: premenstruai-like syndrome, cataracts, Changes in libido, chorea, changes in appe- 
tite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, toss of scalp hair, erythema multi- 
forme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdose — Serious ili effects have not been reported folowing acute. ingestion of large doses of OC’s by 
young chikiren. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
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6-Sympathomimetic drugs cross the placenta freely. Just as these agents cause serious cardiovascular 
‘changes in the mother, they may cause severe cardiovascular complications in the fetus. 
8-Sympathomimetic agents for tocolysis have been associated with fetal heart rate and rhythm 
_ disturbances, hydrops, stillbirth, neonatal cardiac failure, myocardial ischemia and infarction, and neonatal 
death. Prospective studies have documented changes in interventricular septa of babies exposed to these 
- drugs, Histologic changes have been reproduced in animal models and in vitro similar to those seen in 
-infants with myocardial disease caused by -mimetic therapy. The mechanism of -mimetic toxicity 
os ppears to be increased myocardial intracellular calcium leading to overexcitation and cell necrosis. Since 
serious fetal cardiovascular effects may occur with B-mimetic use, benefits should clearly outweigh risks 
before these drugs are administered. (AM J OBSTET GYNECOL 1989;161:1-4.) 
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The use of B-sympathomimetics for tocolysis is now 
a mainstay in the prevention of premature birth. Un- 
fortunately, these agents have potent cardiovascular ef- 
fects. Attention to the adverse cardiovascular effects 
has focused primarily on the mother. However, serious 

cardiovascular complications may also occur in the 
fetus. 

In 1924 Pierce Rucker! presented a report on the 
“Action of Adrenalin on the pregnant uterus” to the 
Southern Medical Association. Using 5 minims of | to 
1000 solution of adrenalin “hypodermically,” he caused 
a “cessation or diminution” in uterine contractions in 
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16 of 20 gravid women. This investigation followed his 
earlier observation of decreased contractions with the 
administration of epinephrine HCl (Adrenalin) and 
procaine HCI (Novocain) in caudal anesthetics. His 
report appears to be the first investigation of the use 
of adrenergic agents for tocolysis. He did not describe 
at that time any effects from his injections on the fetus. 

Sixty years later in 1983, Thomas Benedetti’ re- 
viewed maternal complications of B-sympathomimetic 
therapy and cautioned: “There is a long and sobering 
list of potentially life threatening complications . . . we 
must ask ourselves by whom and under what circum- 
stances should these drugs be used.” Careful attention 
and rapid response to maternal cardiac signs and symp- 
toms, electrocardiographic changes, and fluid and elec- 
trolyte balance have improved the maternal risk/ben- 
efit ratio. Evaluations of the fetal cardiac status during 
exposure to the same potentially toxic medications have 
been rare.* Fortunately, most infants appear to tolerate 
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Table I. Reports of cardiovascular complications 


Author B-Sympathomimetic exposure 


Intravenous ritodrine 12 hr 











Complications Treaiment and outcome 





Brosset et al.‘ Extrauterine superven- 
tricular tachycardia, 
cardiac failure 

In utero superventricular Delivery spontaneous, resolution of 


Digitalis, resolution of complications 


Hermanse and Intravenous and oral ritodrine, 5 wk 


Johnson? tachycardia 
Lenke and Trupin’ Intravenous terbutaline, 5 hr Stillborn — 
Beitzke et al.’ Oral and inravenous ritodrine, 7 wk In utero atrial flutter Delivery, DC shock, digitalis, resolu- 
hydrops tion of complication 


Intravenous fenoterol variable dura- Tachycardia, ECG 


Vogt et al.® 
tion, series of 30 infants 


Intravenous ritodrine, oral terbuta- 
line, 12 days 


Katz and Seeds 


Hydrops, neonatal 


Range from spontaneous resolution 
changes, cardiomegaly, to neonatal death 

cardiac failure, perina- 

tal death, myocardial 

infarction 

Delivery; digitalization; neonatal 
congestive failure, death 


myocardial infarction 





DC, Direct current; ECG, electrocardiographic. 


8-mimetic exposure without problems, but a growing 
number of reports document serious fetal cardiac 
complications from 8-mimetic therapy.*!? 18 The 
purpose of this article is to summarize and illus- 
trate fetal cardiovascular complications of exposure to 
B-sympathomimetics and review the relevant literature 
regarding fetal cardiotoxicity from these drugs. 


Prospective evaluation of fetal cardiovascular 
complications caused by B-mimetic therapy 


Nuchpuckdee et al.” used M-mode echocardiogra- 
phy to assess newborn cardiac status in 41 infants whose 
‘mothers had been treated with ritodrine from 1 day to 
7 weeks (mean, 16 days). Compared with control infants 
matched for gestational age, infants of ritodrine- 
treated mothers had disproportional septal hyper- 
trophy. Interventricular septal thickening correlated 
(r = 0.96) with the duration of ritodrine use by the 
mother. All echocardiographic changes were gone 
within 3 months of age. The clinical outcomes were not 
different between the two groups. 

Crawford et al.” performed echocardiograms on 34 
infants exposed to B-mimetics in utero for tocolysis 
and compared them with controls. They also demon- 
strated a significant increase in interventricular septal 
thickness." 

Bohm and Adler” examined autopsy specimens of 
fetuses and newborns dying of noncardiac causes whose 
mothers were exposed to B-mimetic therapy (from 1 
day to 12 weeks’ duration). Autopsy specimens from 
gestational age-matched control subjects not receiving 
tocolysis were also reviewed, In 20 of 25 autopsy spec- 
imens from the B-mimetic exposed group, pathologic 
changes of myocardial ischemia and infarction were 
found, None of these changes were seen in the control 
group. These changes were classified as focal necrosis, 


fatty degeneration, and myocardial cell nuclear en- 
largement, primarily of the right ventricle.” The his- 
topathologic findings at autopsy of the case presented 
below are entirely analogous to these changes. 


Mechanism of B-mimetic toxicity to the fetal 
cardiovascular system 


The cardiovascular complications described in case 
reports and prospective studies have a natural model. 
Catecholamine overload leading to cardiomyopathy, 
myocarditis, and necrosis is a well-understood phenom- 
enon. Pheochromocytoma provides a pathologic model 
of this toxicity.'*"* Elevated and prolonged exposure of 
the heart to catecholamines leads to cardiomyopathy, 
myocarditis, and infarction similar to that seen with 
B-mimetic therapy. In the case of tocolysis, the fetus is 
exposed to B-sympathomimetic drugs that cause pro- 
longed and elevated activation of the adrenergic re- 
ceptors. 

Animal models have helped clarify the mechanism 
of myocardial damage.'*'* The catecholamines or sym- 
pathomimetics affect the myocardial cells by increasing 
the flow of calcium through the cellular and intercel- 
lular membranes. Increased calcium leads to increased 
cellular metabolism and increased cardiac activity. The 
next step is a growing imbalance between oxygen sup- 
ply and consumption. Structural integrity of the cell is 
lost and necrosis occurs.'* Isoproternol, norepineph- 
rine, and fenoterol have been used to create these le- 
sions in vitro and in vivo in rats and dogs.'*"° 

An in vitro study used fetal myocardial tissue from 
abortuses, exposing the fetal myocardium to feno- 
terol. Focal parenchymal necrosis developed, and his- 
tologic changes similar to those seen in infants exposed 
in utero to B-sympathomimetics for tocolysis were doc- 
umented.'* = A calcium channel blocker (verapamil) 
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Fetal cardiovascular effects of 6-sympathomimetics Eo 





Fig. 1. A, Ultrasound scan of a transverse section of fetal chest, four-chamber view, before tocolytic 
therapy. Arrow points to fetal heart. B, M-mode echocardiogram of fetus 12 days after initiation of 
B-sympathomimetic therapy for tocolysis. Heart is now enlarged from A, and ventricles are dilated. 
Polyhydramnios is also present. Arrows point to pericardial effusion. rv, Right ventricles. 


was added to the media and myocardial necrosis was 
prevented.” In fact, the combined use of B-mimetics 
and calcium channel blockers, usually verapamil, is now 
widely. accepted in Europe. This practice was originally 
introduced to prevent unwanted maternal cardiovas- 
cular side effects." 

Most of the cardiovascular effects are initially tran- 
sient and reversible.’ However, the most severe 
changes of widespread cellular necrosis may lead to 
heart failure and death. The right ventricle, the area 
of greatest cardiac work in the fetus, appears most se- 
riously affected by tocolytic medications. Myocardial 
damage is dose related, and the severity of changes is 


also related to the duration of exposure. The model of 


catecholamine or B-sympathomimetic overload leading 
to increased intracellular calcium and cellular necrosis 
matches the clinical picture of fetal myocardial toxicity 
caused by tocolytic therapy with B-mimetics. 


Reports of fetal cardiac complications 
associated with #-sympathomimetic tocolysis 


B-Sympathomimetic agents freely cross the human 
placenta and may be found in concentrations in um- 
bilical cord serum equal to maternal serum.’ Thus it is 
not surprising that fetuses and newborns have cardiac 
complications similar to adults exposed to these drugs. 
‘Myocardial ischemia, injury, and infarctions are well 
documented in mothers exposed to these agents.” 

Elevations in baseline fetal heart rate from maternal 


B-sympathomimetic administration is a widely accepted 
side effect and not necessarily a complication. Compli- 
cations are viewed as pathologic effects leading to po- 
tential compromise. A wide spectrum of fetal cardio 
vascular complications have been reported in associa- 
tion with B-sympathomimetic use for tocolysis. Fetuses 
and newborns have been reported to have rate and. 
rhythm disturbances, including paroxysmal superven- 
tricular tachycardia and atrial flutter." * These lesions 
have typically resolved spontaneously within a few days 
to 2 weeks. Electrocardiographic abnormalities. re- 
ported include transient nonspecific T wave changes 
and ischemic T wave changes.**”* Vogt et al.” reported 
on a series of 30 infants admitted with cardiac disease 
after treatment with fenoterol. The spectrum of neo- 
natal disease ranged from T wave changes to myocar- 
dial infarction. More serious fetal complications, im- 
cluding hydrops fetalis, pulmonary edema, and extrau- 
terine cardiac failure, have also been seen." Severe 
complications have included stillbirth, neonatal death, 
and histologic findings of myocardial infarction. *"” 
Table I lists cases of cardiovascular complications di- 
rectly related to B-sympathomimetic therapy for toco- 
lysis. In addition to the 34 cases listed in Table I, we 
recently cared for an infant who developed hydrops 
from a myocardial infarction in utero presumably 
caused by B-sympathomimetic therapy. The infant's 
mother, a 31-year-old gravida 2, para 0 white, was 
treated at 28 weeks’ gestation for preterm labor. She 
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was given intravenous ritodrine, 15 g/hr, for 2 hours 
and then 2.5 and 3.75 mg of oral terbutaline every 4 
hours for 12 days. Fig. 1, A, shows the normal cardiac 
ultrasound study of the fetus before therapy. Fig. 1, B, 
shows the dilated heart 12 days after therapy was ini- 
tiated. Pericardial effusion, cardiomegaly, and para- 
doxical interventricular septal motion were also noted 
on ultrasound examination. The infant was delivered 
and died on day 3. Results of viral cultures, inoculates, 
and titers were negative. The placenta was normal. The 
autopsy showed large areas of myocardial necrosis with 
calcification, primarily subendocardial and in the right 
ventricle. These findings were identical to those of 
Bohm and Adler" and Vogt et al.’ 
The cardiac complications reported in Table I 
mirror the spectrum of cardiovascular complications 
“seen in mothers given B-sympathomimetics for to- 
¿ colysis.” However, fetal cardiovascular complications 
may be underreported, since premature infants (ex- 
posed and unexposed) to B-sympathomimetics agents 
suffer from multiple problems that may overshadow B- 
` sympathomimetic effects.” 


Comment 

8-Sympathomimetics have been used for tocolysis for 
well over a decade. An estimation of the incidence of 
serious complications is difficult to make. Severe fetal 
cardiovascular complications are rare, but subclinical 
pathophysiologic changes seem to occur more com- 
monly. Direct myocardial effects, including tachycar- 
dia, are usually transient. Interventricular septal hy- 
pertrophy in infants exposed to longer durations of 
tocolytic therapy seems to be reversible. Reports of se- 
vere and permanent myocardial damage leadin g to car- 
diac failure and perinatal mortality as described in our 
review are rare. Studies from multiple institutions 
would be needed to arrive at an absolute risk. However, 
in view of current knowledge, it is prudent to recom- 
mend careful consideration and evaluation of the 
risk/benefit ratio of the use of B-sympathomimetics in 
every case and consider alternatives with less car- 
diotoxic potential. 

It appears appropriate to use B-sympathomimetics 
for limited duration and only when there is a very clear 
benefit to be gained. Use of these drugs beyond 33 
completed weeks of gestation should only be consid- 
ered after careful evaluation of alternatives and rarely 
prescribed solely for contractions without cervical 
change. When B-sympathomimetics are used, regular 
ultrasound examinations during and after the time 
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of drug exposure to evaluate for early fetal cardiac 
changes should be considered. Ultrasound exami- 
nations should include measurements of biventricu- 
lar end-diastolic diameter and interventricular septal 
thickness. This article emphasizes that serious potential 
effects may occur from the use of B-sympathomimetics. 
Benefits should outweigh risks before these potent 
agents are prescribed. 


REFERENCES 


1. Rucker MP. The action of Adrenalin on the pregnant 
human uterus. South Med J 1925318:412-8. 

2. Benedetti TJ. Maternal complications of parenteral 
B-sympathomimetic therapy for premature labor. AM J 
OBSTET GYNECOL 1983;145:1-6, 

3. Gross TJ, Kuhnert BR, Kuhnert PM, et al. Maternal and 
fetal plasma concentration of ritodrine, Obstet Gynecol 
1985;65:793-7, 

4. Brosset P, Ronayette D, Pierce MC, et al. Cardiac com- 
plications of ritodrine in mother and baby. Lancet 1982; 
1:1461. 

5. Hermansen MC, Johnson GL, Neonatal supraventricular 
tachycardia following prolonged maternal ritodrine ad- 
ministration. AM J OBSTET GYNECOL 1984;149:798-9, 

6. Lenke R, Trupin S. Sudden unforeseen fetal death in a 
woman being treated for premature labor. J Reprod Med 
1984;29:872-4. 

7. Beitzke A, Winter R, Zach M, Grubbauer HM. Kongen- 
itales vorhofflaterm mit hydrops fetales durch mutterli- 
chetokolitika medikation. Klin Padiatr 1979;191:410-27, 

8. Vogt J, Schmidt-Redemann B, Urbanek R. Neugeborenon 
kardiotoxizitat mach tokolyse mit fenoteral hydrobromid. 
Padiat Padol 1979; 14:355-62. 

9. Brazy JE, Pupkin MJ. Effects of maternal isoxsuprine ad- 
ministration on perterm infants. J Pediatr 1979;94: 
444-8, 

10. Bohm N, Adler CP. Focal necrosis, fatty degeneration and 
subendocardial nuclear polyploidization in the myocar- 
dium in newborns. Eur J Pediatr 1986;136:149-57. 

11. Nuchpuckdee P, Brodskyr, Porat T, et al. Ventricular sep- 
tal thickness and cardiac function in neonates after 
in utero ritodrine exposure. J Pediatr 1986;109:687-91. 

12. Crawford CS, Hall ML, Otis C. Echocardiographic effects 
of intrauterine ritodrine exposure. Pediatr Res 1982:16: 
123A. 

13. Imperato-McGinley J, Gautier T, Ehlers K, et al. Revers- 
ibility of catecholamine induced dilated cardiomyopathy 
in a child with pheochromocytoma. N Engl J Med 
1987,316:793-6, 

14. Fleckenstein A, Janke V, Doring HJ. Myocardial fiber ne- 
crosis due to intracellular Ca** overload, a new percep- 
tion in cardiac pathophysiology. In: Dhalla NS, ed. Myo- 
cardial biology. Baltimore: Baltimore University Press, 
1974; 563-80. 

15. Hofmann W, Schleich A, Schroeter D, et al. Herzmu- 
skelnekrosen durch B-sympathomimetika. Virchows Arch 
1977;373:85-95, 

16. Strige R, Pfeiffer U, Erhardt W. Does the administration 
of the calcium antagonist verapamil in tocolysis with 
B-sympathomimetics still make sense? J Perinat Med 
1981;9:235-47, 





‘Understanding and eliminating errors in perinatal research 


Barry S. Block, MS, MD 
Chicago, Mlinois 


Research studies published in the scientific literature have had a rapid impact on medica! practice, 
especially in clinical obstetrics. Recently, incentives to control medical costs without sacrificing the quality of 
care have placed increased importance on studies that truly demonstrate clinical effectiveness. In addition, 
there are ethical concerns that improperly designed or conducted studies adversely affect medical practice 
and place patients at unnecessary risk. This article summarizes potential sources of error and encourages 
the valid interpretation of the results and conclusions of experimental studies by making four-suggestions: 
(1) the errors and limitations that may be present in the methodology should be described and explanations 
: given how the errors might have affected the results and why the limitations are acceptable; (2) the methods 

‘ selected should allow an answer to the question proposed; (3) the investigator should verify that the 

ne appropriate statistical test is used; and (4) when unexpected or hard to explain results are found, verification 

before publication should be undertaken. (Am J OgsteT Gyneco 1989;161:5-9.) 


Key words: Quality control, research design, statistics 


_ Avoiding errors in the performance of experimental 
studies and the interpretation of the results and con- 
clusions of such studies is especially important in clinical 
obstetrics. Bryce and Enkin’ have described the vital 
role that perinatal clinicians have “. . . in evaluating the 
treatments we are now using, as well as new therapies 
in. the future.” Similarly, Tyson et al.” have stated that 
: adequate evaluation of (treatment) methods prior to 
F their recommendation is needed to avoid widespread 
‘usé of ineffective or hazardous treatment methods es- 
pecially if high-risk (perinatal) patients are involved,” 
Recent emphasis on the need to control medical costs 
without sacrificing the quality of care places increased 
importance on studies that truly demonstrate clini- 
cal effectiveness. Improperly conducted studies cost 
money, patients may be placed at risk by an inferior 
treatment, and animals may be killed to collect data 
that are incorrectly interpreted. Finally, as stated by 
Altman,’ “. .. it is unethical to publish results that are 
incorrect or misleading.” Several authors have ad- 
dressed the issue of proper statistical design and anal- 
ysis. in previously published reports” **; however, other 
issues remain. As stated by Feinstein,’ “...the most 
irnportant issues in biostatistics are not expressed with 
statistical procedures. The issues are inherently scien- 
tific, rather than purely statistical... .” Two examples 
of such scientific issues are (1) the theory of error and 
(2) the consideration of alternative conclusions after the 
statistical analysis is completed. 
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The ultimate responsibility for avoiding errors rests 
with the individual researcher, but reviewers and read- eS 
ers of scientific articles also have an important respons | 
sibility. After recent reports of academic fraud,’ the _ 
reliability and integrity of scientific publications are un. 
der review. All investigators, including. perinat 
searchers, are influenced by the sophistication of 
technical procedures and the intense competition 
academic achievement. All of us must make a commit- 
ment to eliminate fraudulent or incorrect publications 
from the literature. The purpose of this article is to 
assist investigators, reviewers, and readers by reinforc- 
ing existing knowledge of the principles of error theory 
and by encouraging the valid interpretation of the re- 
sults of experimental studies. Examples presented are 
chosen from publications in the perinatal literature. 


Error theory’ — definition of terms 

The term “error” ‘generally has two usages. First, it 
may refer to the difference between a measurement ` 
and the “true” value; and second, it may refer to the 
estimated uncertainty inan: experiment. The term is 
frequently used improperly to denote a “discrepancy,” 
that is, the difference. between two measurements. 
There are two principal types of errors: determinant 
errors, or errors that can be evaluated by a. theoretic 
or experimental procedure, and indeterminate errors 
that can not be so evaluated. 

Errors that are differences between a-measurement 
and a “true” value are classified as systematic, random, 
or illegitimate and are summarized in Table I. System- 
atic errors in measurement depend on the skill of the 
observer and include calibration errors, human errors, 
errors from experimental conditions, dynamic re- 
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Table I. The classification of errors that represent differences between a measurement and a true value 





Type of error 


Cause 


Systematic errors 
Calibration error 


Human error 
Experimental conditions 
Dynamic response error 
Imperfect technique 


Random errors 
Error of judgment 


Fluctuating conditions 
Small disturbances 
Error of definition 


Megitimate errors 

: Method error 
Instrument error 
Blunder 
Error of computation 


Chaotic error 





Incorrect calibration or “zero” drift with time 
Observer bias; also called personal errors 

Change in conditions from those during calibration 
Exceeding the design of the equipment 


Loss of sample during collection 


Observer estimates that vary from time to time 


Temperature, pressure or line voltage variations 
Mechanical disturbances from nearby equipment 
What is being measured is not an “exact” quantity 


Wrong or insufficient experimental method 
Faulty instrument or misoperation 
Outright mistakes in reading instrument 
Arithmetic error during analysis 


Disturbances that exceed natural random errors 


Example 


Thermometer that reads 101° F in 
boiling water 

Head position when reading a pH 
meter scale 

Temperature or pressure is differ- 
ent than during a calibration 

Nonlinear response to a fast chang- 
ing signal 

Splashing during 24 hr urine col- 
lection 


Reading fetal heart rate tracings at 
3:00 am when overtired 

Power “brown out” 

Vibrations from adjacent centrifuge 

Measuring one’s height because of 
irregular surfaces 


Self-explanatory 

Use of outdated equipment 

Inadequate training of assistants 

Error (“bug”) in computer program 
or in data entry 

Discontinue experiment until 
source is removed 





sponse errors, and imperfect technique. Random er- 
rors include errors of judgment, fluctuating conditions, 
small disturbances, and errors of definition. They are 
caused by chance, and their elimination requires im- 
proving and refining experimental technique. Illegiti- 
mate errors, such as method errors, instrument errors, 
blunders, arithmetic errors, and chaotic errors, are 
avoidable errors that have no place in research publi- 
cations. 


Statistical terminology 


The common uses of the statistical term “error” are 
-summarized in Table H. Interestingly, the standard er- 
ror is not an error and has nothing to do with standards. 
Similarly, the term “error variance” is also included in 
the statistical vocabulary but is a quantity that refers to 
observer variation not mistakes. The use of the term 
“error” is confusing, improper, and untrue but en- 
trenched by time. Clearly, a better choice is dispersion 
or deviation rather than error. 

Other uses of the term “error” include experimental 
error, observer error, and type I and II errors. Exper- 
imental error is introduced because a sample is taken 
from a large population. If the entire population were 
studied, the “true” value would be known. Experimen- 
tal error is minimized by appropriate sample selection, 
-< and observation errors can be diminished by repeated 

; observations by the observer. Experimental error can 
be biased or unbiased. If the ratio of observed error to 














sample size tends to zero as the sample size increases, 
the error is said to be unbiased. Also, the statistic cal- 
culated from the sample may be biased or unbiased and 
overestimate or underestimate the population param- 
eter. If an experiment were repeated a large number 
of times and the statistic has the property that the es- 
timations average out, then the statistic is said to be 
unbiased. 

There are two ways that an investigator can make a 
mistake in hypothesis testing—rejecting a true hy- 
pothesis or accepting a false one. A type I error occurs 
if the hypothesis under test is rejected when in fact it 
is true. A type H error occurs if the hypothesis under 
test is accepted when in fact it is false. The p value is 
frequently, although incorrectly, thought. to be either 
the probability of making a mistake or the importance 
of the difference observed: The p-value is, by definition, 
the probability of obtaining an equally unlikely result 
if the hypothesis under test were actually true. 

Statistical power is the probability of rejecting a null 
hypothesis when in fact it is false and should be re- 
jected. In hypothesis testing the magnitude of differ- 
ence that would lead to rejection of the hypothesis (D), 
the probability of committing a type I error (a), the 
probability of committing a type Il error (B); and the 
sample size (n) are directly related. If any three (D, a, 
B, or x) are known, then the fourth is fixed mathe- 
matically. In a properly designed study the magnitude 
of the difference one desires to detect, « and the power 
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Table II. A description of some statistical uses of the term “error” 





Statistical term 


Absolute deviation 
Average deviation 
Fractional error 
Percentage error 
Probable error 


half 
Standard deviation 


Standard error 
Error variance 

less 1 
Error tolerance 





Definition 


Absolute value of a deviation from the mean 

Sum of absolute deviations divided by sample size 

Ratio of absolute deviation to expected value 

Fractional error expressed as a percentage 

That magnitude of deviation whose probability of being exceeded is one 


Positive square root of sum of square deviations from mean divided by 
sample size less 1 

Standard deviation divided by square root of sample size 

Sum of square deviations from group mean divided by number of groups 


Region with a given probability of containing “true” value 





- (1-8), are preselected, and the size of the sample re- 

: quired is then determined in advance. Failure to follow 

- these guidelines may lead to a negative conclusion with 
low statistical power in which no effect was found but 
in which there was little if any chance of detecting an 
effect. 

The terms “precision” and “accuracy” are used to 
describe how well measurements relate to each other 
and to the “true” value. Precision is a measure of re- 
liability or how reproducible the results are. An ex- 
periment with small random errors has high precision, 
and the more precise of two measurements is the one 
with the smaller probable error. Accuracy is a measure 

.. of how close the experimental result comes to the “true” 
me value. An experiment with small systematic errors has 
~~ high accuracy. For a diagnostic test, the accuracy is the 
total number of correct diagnoses of both disease and 
nondisease divided by the number of tests performed. 
Error tolerance is described in Table IH. In layman 
terms, the confidence limits are an interval with a given 
likelihood of including a population parameter, such 
as the population mean or population variance. For 
example, if all possible samples of size n were taken 
from a population and a 90% confidence limit of the 
mean calculated from each sample, the population 
mean would be contained in 90% of the intervals. These 
limits apply only to samples of size n but are frequently 
= tased incorrectly and also applied to an individual value. 
"The correct region for including a specified proportion 
of the individual values from a population is called the 
tolerance limits. For example, considering gestational 
age and biparietal diameter measurements obtained by 
ultrasound study, one may claim with 95% confidence 
that at least 90% of individual values will be between 
given limits. In summary, tolerance limits pertain to 
individual values, whereas confidence limits pertain to 
parameter estimates obtained from a sample of size n. 





=> The expression “statistical significance” is generally 
both misunderstood and misused. Unfortunately, there 
is a tendency to equate significance in a statistical sense 


with clinical or medical importance. Actually, a small 
difference of no clinical importance may be statistically 
significant and an important clinical difference may not. 
be statistically significant depending on the sample size 
selected. A statistically significant result should be 
thought of as representing evidence of rather than 
proof of a particular hypothesis, just as a positive.test 
result does not prove that a patient has a disease. Sim- 
ilarly, a nonsignificant result does not imply nonim- 
portance or nonexistence and would better be thought 
of as inconclusive or not proved. The choice of the 
statistical term “significance” was unfortunate. The mis- 
conception arises from a misunderstanding of the pre- 
cise meaning of the term “p value.” A significant p value, _ 
usually p < 0.05, is only a guide to interpretation and 
is not meant to be a strict rule. In fact, to accept as real 
a statistically significant result at the p <.0.05 level is 
both unwise and unfounded because one in 20 com- 
parisons of equally effective treatments will be signifi- 
cant by definition. 

When the p value is significant, an explanation other 
than that there is a “true” difference may be present. 
The difference may be explained by an artifact or the 
hidden association with a third factor. Artifacts canbe 
caused by chance or bias. The statistical analysis quan- 
tifies the probability of obtaining a particular result by 
chance alone if the hypothesis is true. If the probability 
is low, the investigator rejects the hypothesis, accepting 
that there is a real risk of being wrong. Bias, if present, 
may explain a significant finding between equally ef- 
fective treatments. Bias is particularly likely to occur in 
retrospective studies in which data are frequently an- 
alyzed in the search for significant results. Bias may 
occur in the selection of the treatment group, the con- 
trol group, interpretation of the findings by. chart re- 
view, or patient recall. Another explanation for an ap- 
parent correlation between two factors is that-a hidden 
third factor is present, also called confounding effects... 
That is, two factors appear to be correlated; however, 
the explanation is their relationship with a third factor. 

















For example, a study of income and height would dem- 
onstrate a significant correlation. However, it is the re- 
lationship of sex with income (males earn more) and 
the relationship of height with sex that explains the 
finding. 


Violations of underlying assumptions 


Statistical tests are based on underlying assumptions, 
and each individual test may have a different set of 
underlying assumptions. For example, for the Student 
t test, the underlying assumptions are that the data are 
independent random samples from normal distribu- 
tions with equal variances. With little reason to expect 
otherwise, one often assumes the deviations from these 
assumptions, if they exist, are small. The robustness of 
a statistical test is its property of maintaining the same 
proportion of type I errors when the underlying as- 
sumptions are violated as when they are true. Care is 
required because knowingly or unknowingly violating, 
these assumptions may lead to the wrong interpretation 
“of the results and incorrect conclusions. Independence 
implies that the samples are not related. There can be 
no more than n independent measurements and n-1 
degrees of freedom with n subjects. Randomization is 
the process used to obtain a sample—not the sample 
itself. In most clinical studies, patient selection is 
strongly biased. Patients with a disease choose the phy- 
sician rather then the other way around. Data may be 
contaminated because of differences in diagnostic cri- 
teria or the presence of coexisting disorders. Also, a 
control group selected from hospitalized patients with- 
out the disease may also be biased. A normal or Gaus- 
sian distribution is usually assumed. However, obvious 
signs of nonnormality or skewness should be investi- 
gated. For example, if the mean and standard deviation 
of a measurement that can take only nonnegative values 
are of the same magnitude, the distribution cannot be 
Gaussian. Furthermore, if A and B are continuous nor- 
mal distributions, the ratio A/B will not be normally 
distributed. The problems related to violations of the 
underlying assumptions can be avoided by selection of 
a nonparametric or other appropriate technique. If the 
variance increases with increases in the independent 
variable.or if the distribution is nonnormal, transfor- 
mation of the data may be helpful. 


Anticipating and avoiding errors 

Investigators can aid readers by providing a clear 
concise accounting of what they did, what they found, 
and what they conclude. They should anticipate reader 
“concerns by describing errors or limitations that may 
be present in the methodology and explaining how the 
errors might have affected the results and why the lim- 
itations are acceptable. Before publication, the inves- 
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tigators should assess the validity of any assumptions 
they made and consider alternative hypotheses to ex- 
plain their findings. In addition, the investigators 
should verify that the data and methods support their 
conclusion and that an appropriate statistical test was 
used. In the event that unexpected or hard to explain 
observations occur, verification before. publication 
should be undertaken. To illustrate that improper pa- 
tient selection may lead to a wrong conclusion and re- 
late actual publications to the principles described 
herein, several examples are presented. 

As previously stated, the methods selected must allow 
an answer to the question proposed. For example, 
Crombleholme et al.’ found an increase in term births 
from 15.5% to 68.5% in patients whom they treated 
with cervical cerclage who had previous obstetric losses 
without a typical history of an incompetent cervix. They 
concluded that cervical cerclage improves outcome in 
patients with previous obstetric loss. However, Harger® 
noted the fallacy of using patients who were selected 
because of poor reproductive performance as their own 
controls. He presented data that demonstrated a suc- 
cessful outcome of 79% in a similar group of patients 
who were not treated by a cervical cerclage procedure. 
Harger was concerned because Crombleholme et al. did 
not follow a comparable group of patients who were 
untreated, and it is unclear whether the cervical cer- 
clage procedure might even have decreased successful 
outcomes, perhaps from 79% to 69%. At the least, even 
in the event no difference in outcomes were found, the 
expense, morbidity, and risk of unnecessary surgery 
should be cause for concern. 

The investigator should verify that the appropriate 
statistical test. was used to avoid publishing misleading 
results. For example, Kennedy and Greenwald” inves- 
tigated the relationship between cesarean section for 
cephalopelvic disproportion and shoe size and found 
that women less than 5 feet tall who: wore a shoe: size 
less than 5% had a twofold increased risk of cesarean 
section with a p < 0.05 with the use of x? test. Muncie"! 
correctly noted that the proper statistical test is Fisher's 
exact test and that the probability calculated is p = 
0.498, a nonsignificant result. 

When unexpected or hard to explain results are 
found, caution is advised and verification before pub- 
lication should be undertaken. This point is demon- 
strated by the following two examples. In the first ex- 
ample, Edem et al.” investigated the urinary protein 
profile in hypertensive pregnancies with nephelometry. 
They noted that “it was very surprising to find that the 
concentration of albumin and transferrin became non- 
detectable by: nephelometric measurement with in- 
creasing severity of pregnancy-induced hypertension.” 
van Kamp etal." observed similar findings that were 
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- at variance with the results of protein electrophoresis 
performed on the same urine samples. Before publi- 
< cation of their data, they investigated further and 
: -found that the concentration of albumin was so high 
that the antigen excess caused soluble complexes to 
— form, resulting in low scatter and an “out of range, 
_ lọw” message on the nephelometer. They strongly sug- 
i gested that preliminary protein electrophoresis be per- 
formed to determine the proper dilution so that 
¿false conclusions about the absence of ‘hidden’ 
proteins are avoided.” 
In the second example, Lueck et al.'* presented an 
. initial descriptive report of observations of mul- 
tiple forms of an organism found in patients with ges- 
tational. trophoblastic disease and in patients with 
preeclampsia-eclampsia,” but noted that “... The tax- 
~onomy of these forms has not. yet been determined" 
Long et al.” repeated. the study and found “... that 
the objects described by Lueck et al. are artifacts created 
by cotton or other cellulose fibers and are unrelated to 
disease.” 


Comment 
= There are several ethical concerns about research 
that is substandard, including the misallocation of re- 
sources, as well as the investigator’s time, the incon- 
venience and unjustified risks to which patients are ex- 


_. posed, and the likelihood that publication of misleading 






4 ults might falsely influence medical practice and lead 
“te: unnecessary further work. There are many reasons 
_ why erroneous publications may have been inten- 
‘ally. or unintentionally submitted. To avoid misrepre- 
senting scientific data, individual researchers and re- 
search institutions and universities must meet their 
© obligation to submit only truthful publications. To 
avoid ‘unintentional errors, researchers must ensure 











that experiments are well designed and properly 
evaluated. ! 


or 


fo MOTT 


13. 


14, 


. Bryce RI, Enkin MW. Six myths about controlled tiles ion 
. Tyson JE, Furzan JA, Reisch JS, Mize SG. An evaluation : a 


. Altman DG. Statistics and ethics in medical yesearch: Br a 


. Feinstein AR. A survey. of the. statistical procedures in 


. Schor S, Karten I, Statistical evaluation of medical journal 
. Petersdorf RG, The pathogenesis of fraud in medical sci- oe 
. Beers Y. Introduction to the theory of error, Reading, : 


. Crombleholme WR; Minkoff HL, Delke J, ‘Schwartz RH. - 


. Harger JH. Effectiveness of cervical cerclage. AM J OB: 


. Kennedy JL, Greenwald E. Correlation of shoe. size an 


. Muncie HL. Relationship of shoe size and cephalop l 
. Eden RD, Wahbeh GJ, Williams AY, Gall SA 


. Long EG, Tsin T, Reinarz JA, Schnadig VJ, MsLucas E, 























Understanding and eliminating errors in resear 


REFERENCES 


perinatal medicine. AM J OBSTET GYNECOL 1985; io: 707- 
10. 


of the quality of therapeutic studies in perinatal medicine. cae 
Obstet Gynecol 1983;62:99-104. 


Med J 1980;281: 1182-4, 


general medical. journals. Clin Pharmacol: ‘Ther 1974). > 
15:97-107. 


manuscripts. JAMA 1966;195:1123-8. 
ence. Ann Intern Med .1986;104:252-4. 
Massachusetts: Addison-Wesley, 1957:3-36. 


Cervical cerclage: An aggressive approach to threatened 
or recurrent pregnancy wastage. AM J OBSTET GYNECOL 
1983; 146:168-74. Hi 


STET GYNECOL 1984; 148:834. 


obstetric outcome: an anthropometric study. Am OBSTET 
GYNECOL 1981;140:466-7. 


disproportion. AM J OBSTET GyNECOL, 1982; 1. 


metric urinary protein, profile as an index of 
volvement in hypertensive disor ders of pregnanc 
OBSTET GYNECOL 1983;147:645-51. D 
van Kamp GJ, Koh- -Verspuy A, Mast-Schat 
protein profiles in hypertensive pregnancies, AM: POBSTE 
GYNECOL 1984;149:697-8. i ee 
Lueck J, Brewer JI, Aladjem S, Novotny M, Observation: he 
of an organism found in patients with gestational tron 

phoblastic disease and in-patients with toxemia of preg- 
nancy. AM J OBSTET GYNECOL 1983;145:15-26. 





Kely RT. “Hydatoxi lualba” identified. Am J Ostet GY- 
NECOL 1984;149:462-3. 


A case-control study of epithelial ovarian cancer 


Patricia Hartge, ScD,* Mark H. Schiffman, MD," Robert Hoover, MD, 
Larry McGowan, MD, Linda Lesher, MHS," and Henry J. Norris, MD‘ 


Bethesda, Maryland, and Washington, D.C. 


With data from a study of 296 patients with primary epithelial ovarian cancer and 343 patients hospitalized 
because of other conditions, we estimated ovarian cancer risk in accordance with reproductive and other 
factors. Risk was greatest among women of lower parity, especially among women who said they planned 
to have children but could not. The protective effect of oral contraceptives seen in other studies was 
observed only in subgroups of our study population. Women who had breastfed their children had 
decreased risk, but the number of months of breastfeeding was not related to risk. Incomplete pregnancies 
did not provide the protection seen for live births. A family history of ovarian cancer and a medical history 
of breast cancer were both strong risk factors. None of the nonreproductive factors that we examined, 
including childhood illnesses, tobacco and alcohol consumption, obesity, and selected adult diseases, was 


convincingly associated with risk. (Am J Osstet Gynecol 1989;161:10-6.) 


Key words: Ovarian cancer, endogenous estrogens, infertility, oral contraceptives, 


epidemiology 


The causes of ovarian cancer are mainly un- 
known."* > Known risk factors are age (incidence rises 
until about age 60 years), race (white women are at 
higher risk than nonwhite women), low parity, infer- 
tility, a history of endometrial or breast cancer, a family 
history of ovarian cancer, and exposure to radiation. 
Probable protective factors are oral contraceptives and 
surgical menopause. Although the importance of re- 
productive and contraceptive history has been firmly 
established, questions remain. How do parity, preg- 
nancy, and fetal loss jointly affect risk? Does the timing 

of the first birth affect risk? Is infertility an independent 
< risk factor, separate from the effects of low parity? In 

addition, many nonreproductive factors have been sug- 

gested. With interview and medical records data from 

a case-control study, we have estimated ovarian cancer 

risk according to various reproductive and other sug- 

gested risk factors to add to our knowledge with regard 
“to these persistent issues. 


: Methods 


Study methods are described in detail elsewhere.’ All 
eligible cases involved women aged 20 to 79 years who 
resided in the Washington, D.C., metropolitan area and 
who were first diagnosed by operation with microscop- 
ically confirmed primary epithelial ovarian cancer dur- 
ing the period August 1978 to June 1981. Cases in- 
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cluded tumors of low malignant potential as well as 
frankly malignant tumors because risk factors for the 
two groups were similar.* For all participants with ovar- 
ian cancer, we obtained the diagnostic microscopic 
slides and pertinent medical records. After review we 
excluded 30 women found not to have definite primary 
ovarian cancer of the epithelial type by microscopic 
(H.J.N.) or clinical (L.M.) evaluation. Several of these 
cases had been classified as mucinous ovarian cancer 
but actually were of colorectal origin. 

We identified 400 cases and interviewed 296 women 
(74%). Losses were a result of death (n = 44), disability 
(n = 12), physician’s refusal (n = 8), patient's refusal 
(n = 33), or other reasons (n = 7), As shown in Table 
I, serous and endometrioid types predominated. 

Control participants were identified from hospital 
discharge lists and were matched with women with ep- 
ithelial ovarian cancer according to hospital, age, and 
race (Table II). A woman was not eligible to be a control 
if her discharge diagnosis was psychiatric or was po- 
tentially related to the major exposures of interest. For 
all potential control participants, we confirmed in the 
physician and hospital records that the women had at 
least one ovary intact and excluded those who did not 
because they were not at risk of ovarian cancer. We 
identified 439 controls of whom we interviewed: 343 
(78%). Losses were a result of death (n = 13), disability 
(n = 8), physician’s refusal (n = 11), patient’s refusal 
(n = 50), or other reasons (n = 14), 

Trained, experienced medical interviewers obtained 
informed. consent and administered a standardized 
questionnaire in the study participant’s home shortly. 
after diagnosis. (Questionnaire is available’ on _ re- 
quest.) 

Effects of ovarian cancer risk were measured by the 
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Table I. Ovarian cancer cases according to 
histologic type 





Histologic type 


Number Percentage 





z ‘Sëroùs 84 28 


- Serous, low malignant potential 35 12 
-Mucinous 17 6 
Mucinous, low malignant potential 9 3 
Endometrioid 76 26 
Endometrioid, low malignant potential 8 3 

Clear cell 12 4 
Mixed epithelial 25 8 
Undifferentiated 30 10 
TOTAL 296 100 





a estimated rate ratio—the ratio of ovarian cancer inci- 
ae dence i inan exposed group to that in the corresponding 
‘unexposed group. A rate ratio of 2.0 for nulliparity, 
for example, indicates that the incidence rate is twice 
as great among the nulliparous women as among the 
parous women; conversely, a rate ratio of 0.5 indicates 
that the incidence is half as great. The rate ratio esti- 
mates were adjusted for the effects of confounding 
variables by stratified contingency table analysis (pre- 
sented in the tables) and by logistic regression models, 
which gave similar results.® All trend tests used scored 
categorized data and were two-tailed. 
_ For each estimate presented we adjusted for age and 
-tace. We assessed whether there were confounding ef- 
fects of parity, difficulty conceiving, recent administra- 
‘tion of oral contraceptives, surgical menopause, meno- 
-pausal estrogen use, or family history of ovarian cancer, 
and we adjusted the estimates accordingly. If the num- 
ber of confounders held constant exceeded three, we 
used a logistic regression model to produce smoothed 
‘estimates. 

To derive unbiased estimates of the effects of to- 
bacco, alcohol, and adult medical conditions, it was nec- 
essary to include in the control group only women who 
were admitted for conditions not caused by (or pro- 
tected by) the exposure under assessment. Without 

‘such exclusions, a hospital-based control series would 
produce spurious results because the population of hos- 
pitalized women generally includes, for example, more 
smokers than the whole population of women at risk 
for ovarian cancer. 


Results 


A total of 12% of the patients with ovarian cancer 
and 14% of the controls were black, and the remainder 
were white. The mean age at diagnosis was 54.4 years 
among women with cancer and 54.7 years among con- 


trols. Because the control participants were chosen 


from the same hospitals as were the women with cancer, 


-they were similar in social class and religion. 


_- Greater parity was related to reduced risk in our 
. study (Table HI}, and pregnancies that ended in spon- 
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Table II. Discharge diagnoses among 
control group 





Disease category Number Percentage 





Infectious disease 6 2 
Neoplasm 22 5 
Endocrine-metabolic diseases 19 $i 
Disease of blood or blood-forming 4 l 
organs 

Disease of nervous system 20 8 
Disease of eye, ear, or mastoid 26 

Varicose veins, hemorrhoids 5 1 
Respiratory diseases 27 8 
Digestive system diseases 55 16 
Urinary diseases 18 5 
Skin disorders 6 2 
Musculoskeletal diseases 75 22 
Congenital anomalies 4 l 
Ill-defined conditions 18 5 
Fractures and other injuries 38 IE 
TOTAL 343 t90 












taneous or induced abortion or stillbirth did not, as a 
group, confer any protection. When the effects of the 
different pregnancy outcomes were further separated, 
stillbirths appeared to increase risk, induced abortions 
appeared to slightly decrease risk, and spontaneous 
abortions appeared not to affect risk, but the estimates. 
for the specific outcomes were rather unstable, T here 
was also no clear pattern of risk when women were ; : 
categorized according to the number of months preg- 
nant with the different outcomes, adjusted for the ef- 
fects of parity. It was necessary to adjust for the effects 
of parity in the examination of fetal loss because the 
two were correlated: about one fifth of the nulliparous » 
women had some fetal loss, whereas about one half of 
the women with five or more live births had ‘fetal loss. 
The strong protective effect of parity was seen in almost 
all subgroups and was strongest among women aged 
20 to 39 years and weakest among those aged: 60 to'79 
years. 

The protection afforded by greater parity was not 
explained by an effect of earlier first birth. On the other: - 
hand, as shown in Table IV, the apparent protection 
associated with earlier first birth, when this variable was 
considered alone, was eliminated by adjusting for par- 
ity. Also shown in Table IV is reduced risk among 
women who had breastfed their children, but an erratic 
relationship is shown between lifetime months -of 
breastfeeding and risk. 

The total group of women who had taken oral con- 
traceptives showed no altered risk (Table V} -but 
women who had taken them 23 years were at slightly 
reduced risk, as were women who had taken them re- 
cently. Women who took compounds with. high levels 
of progestogen showed no excess ovarian cancer risk 
(data not shown). Those who quit after only 1 or 2 
months, usually because of side effects, were not at 
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‘Table III. Estimated rate ratios according to pregnancies, births, and fetal losses 


Control group 


Group with 
cancer 





Total pregnancies 


0 70 
1 57 
2 49 
3 49 
4 35 
5+ 35 
Trend test 
Live births 
0 89 
1 54 
2 71 
3 , 43 
4+ 39 
‘Trend test 
Losses, adjusted for live births 
“Oe 206 
Te 53 
2 24 
a fe a 13 


Trend test 
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95% Confidence 
interval 


Estimated 
rate ratio* 





71 1.0 — 
45 1.4 0.8-2.4 
71 0.7 0.4-1.2 
65 0.8 0,5-1.4 
37 1.0 0.4-1,2 
54 0.7 0.4-1.2 
p (trend) = 0.10 
84 1.0 — 
53 1.0 0.6-1.7 
85 0.8 0.5-1.3 
60 0.7 0.4-1.2 
61 0.6 0.4-1.1 
p (trend) = 0.03 
238 1.0 — 
62 1.0 0.6-1.6 
29 1.0 0.5-1.8 
14 1.2 0.5-2.7 


p (trend) = 0.70 





*Adjusted for age and race. 


Table IV. Estimated rate ratios among parous women according to age at first birth and months 


of breastfeeding 


rroup with 


G . 
cE Control group 


cancer 


95% Confidence : 





Age at first birth, adjusted for parity 


<20 42 
20-24 72 
25-29 58 
230 34 
<i Trend test 
-Months of breastfeeding, adjusted for parity 
vad. 112 
1-9 62 
10-18 16 
19-110 13 


‘Trend ‘test 


interval 
52 1.0 — 
108 0.7 0.4-1.2 
62 1.0 0.5-1.7 
33 1.0 0.5-2.0 
p (trend) = 0.22 

121 1.0 e 

84 0.8 0.5-1.2 
37 0.5 0.2-0.9 
15 Ll 0.5-2.6 


p (trend). = 0.14 





~ *Adjusted for age and race by logistic regression. 


increased risk, The effect of oral contraceptives was 


Be similar for parous and nullipar ‘ous women, but it varied 


~ somewhat with age at diagnosis. Among women youn- 
ger than 40 years old, oral contraceptives were weakly 
|) protective (rate ratio = 0.7), but among women aged 


40 to 59 years, they were not (rate ratio = 1.1). Only 


one woman older. than 59 years of age had taken oral 
contraceptives. 
-> The effects of infertility were assessed. in several 
ways. Married nulliparous women had a 70% higher 
risk than unmarried nulliparous women, an excess rel- 
ative risk that was limited to those who reported dif- 
ficulty conceiving (Table VI). Among the married nul- 
__ liparous participants there was little difference in risk 
~ between those who had been pregnant and those who 


had not. In a separate confirmatory question; we asked 
married women who had never conceived why they had 
never been pregnant. Women who planned not to have 
children showed no increased risk compared with non- 
married nulliparous women (rate ratio = 1.0,95% con- 
fidence interval = 0.4 to 2.4) but women who were un-. . 
able to become pregnant had a corresponding rate ratio 


of 2.8 (95% confidence interval. = 1.1.to 7.3)..So° few. Ae 


women reported each specific cause of infertility with 
confirmation by a physician that cause-specific estimates — 
were quite-unstable. Among parous women, a history 
of trouble conceiving was unr elated to risk: (Table VI}: 
Participants. were asked about a a variety of medical 
factors found in previous studies to be related to risk 
of ovarian cancer. Our data on menopausal factors,” 
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Table V: Estimated rate ratios according to oral contraceptive use for women younger than age 60years: ee 


Group with Estimated 
cancer Control group rate ratio* 





Never took oral contraceptives 115 
Ever took oral contraceptives 74 
Duration (months) 
F-H 23 
12-35 16 
36-59 10 
60+ 25 
Trend test 
Latency (years since first taken) 
0-5 2 
5-9 12 
10-14 29 
15+ 30 
oo Trend test 
Recency (years since last taken) 
04+ 28 
1-9 38 
<] 7 


Trend. test 


'* Adjusted for age and race; referent group for all comparisons is women who never took oral contraceptives. 






Nulliparous women 


Never married 30 
Ever married 59 
No trouble conceiving or never 32 

tried 
Had trouble conceiving 26 

1o Parous women 

“No trouble conceiving 164 
“Had trouble conceiving 42 


*Womien with incomplete responses excluded. 
{Adjusted for age and race. 


including protective effects of hysterectomy and meno- 
pausal estrogen, are detailed elsewhere, The results for 
selected childhood and adult diseases are given in Table 
VIL. None of the childhood diseases influenced risk, 
regardless of whether it occurred before, after, or 
around the time of menarche. An extensive analysis of 
`: mumps revealed only that the protective effect of parity 
Was absent among women who did not recall having 
had mumps. 
Among the adult diseases, shingles was significantly 
protective but chickenpox was not. High blood pressure 
was weakly associated with increased risk. Thyroid 
_ disease was apparently protective, and hyperthyroid- 
ism was more protective than. hypothyroidism (rate 
ratio = 0.5 and 0.9, respectively), but patients could 
not reliably make this distinction. Adrenal disease was 
reported by five women in the control group but no 
patients with cancer reported it. Diabetes was weakly 
protective. A history of asthma was also protective, but 
















interval 
131 1.0 = 
8 1.0 O77 
16 16 0.7-34 
19 1.0 0.4-2.2" 
12 0.8 0.3-3 
31 0.8 04-15 
p (trend) = 0.76 
3 0.4 0.043 
15 0.7 0.2-2:2 
31 1.0 0.32.3 
29 L1 0.6-2.1 
p (trend) = 0.72 
24 1.4 0.7-2.6 
4] 0.9 O56 
13 0.5 0.1-1,6 


-Table VI. Estimated rate ratios according to reported difficulty conceiving* 


Group with Estimated 
cancer Control group rate ratiof 


Case-control study of epithelial ovarian cancer 1: 





95% Confidence 









95% Confidence 
interval 





37 1.0 
47 1.7 
32 1.3 
13 2.8 
209 LO. 
50 1.0 


the effects of the illness and the asthma medication 

could not be distinguished because nearly all women — 
with asthma had taken multiple medicines for their 

condition. Previous bréast cancer was strongly related’ 
to risk but nulliparity, a strong risk factor for breast _ 
cancer and ovarian cancer, was present in only one obs 
the 17 cases with previous breast cancer. There were 
only two histories of endometrial cancer among paz 


tients with cancer compared with four in the control o 


group, a difference that was not statistically significant. 
A family history of ovarian cancer in a sister, daugh- 
ter or mother was reported by 13 patients with cancer 
and by only five women in the control group, which 
equals an elevated rate ratio of 3.3 (95% confidence in- 
terval = 1.1 to 9.4). No excess risks were seen for first- 
degree family histories of breast or endometrial cancer. 
Obesity was not related.to risk. We considered usual 
adult weight adjusted for height using Quetelet’s index 
(weight + height’) divided into quartiles. The rate ra- 
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Mumps 

No 87 

Yes 192 
German measles 

No 99 

Yes 112 
Measles 

No 46 

Yes 181 
Chickenpox 

No 49 

Yes 228 
Shingles 

No 273 

Yes 18 
High blood pressure 

No 189 

Yes 96 
Thyroid disease 

No 237 

Yes 56 
Diabetes 

No 271 

Yes 21 
Asthma 

No 279 

Yes 13 
Breast cancer 

No 278 

Yes 17 


*Participants with uncertain responses excluded. 
< tAdjusted for age and race. 


tios in increasing quartiles were 1.0, 1.4, 1.0, and 1. l, 
‘respectively, 

_As shown in Table VIIL, ovarian cancer risk was re- 
lated to drinking but was not related to cigarette smok- 
‘ing. Alcohol use was measured as the typical weekly 
_ number of shot glasses of alcohol, bottles of beer, and 
glasses of wine consumed over the past 10 years, 
_ with total alcohol consumption computed as the sum 

of the three subtotals. The rate ratio rose slightly 
with increasing total alcohol consumption, and with 

each of the three kinds of alcohol considered separately. 

The rate ratios. were highest for whiskey (rate 

ratio =. 1.6, 95% confidence interval = 1.1 to 2, 3), fol- 

lowed by wine (rate ratio = 1.3, 95% confidence inter- 
val = 0.9 to 1.9) and beer (rate ratio = 1.1, 95% con- 

fidence interval = 0.7 to 1.6). 


Comment 
The results of this i investigation confirm the impor- 


tance of parity, infertility, family history, and previous 


breast cancer in the cause of epithelial ovarian cancer. 
The results also sogge y thë relative unimportance of 


-Table VII. Estimated rate ratios according to history of selected childhood and adult diseases 


Number of participants who recalled disease* 


Group with Estimated 
cancer Control group rate ratiof 
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95% Confidence 
interval 





92 1.0 — 
220 0.9 0.6-1.4 
124 1.0 
136 1.0 0.7-1.5 
47 1.0 = 
222 0.8 0.5-1.3 
59 1.0 = 
257 1.0 0.7-1.6 
284 1.0 = 
38 0.5 0.3-0.9 
213 1.0 = 
97 1.2 0.8-1.8 
236 1.0 = 
78 0.7 0.5-1.1 
274 1.0 = 
27 0.8 0.4-1.5 
260 1.0 e 
26 0.4 0.2-0.9 
337 1.0 — 
5 4.2 1.4-13.2 


some other factors associated with risk in previous ep- 
idemiologic investigations. 

Several explanations of the protective effect of child- 
bearing have been proffered, among them that preg- 
nancy prevents ovulation, that it inhibits pituitary: sē- 
cretion of gonadotropins, or that an underlying prob- 
lem leads both to low parity and- increased risk. 
Estimation of the effects of different pregnancy out- 
comes may help reveal how childbearing reduces risk 
of ovarian cancer. If parity protected against ovarian 
cancer simply by the inhibition of ovulation, then a 
pregnancy would reduce risk approximately in pro- 
portion to its length, regardless of outcome. Our data 
suggest that pregnancies that lead to live births offer 
protection but those that lead to losses may not. Inas- 
much as women with more live births tend to have had 
more losses, adjustment for parity is critical. One pre- 
vious estimate of the rate ratio adjusted for parity was 
0.8 per miscarriage.’ Other investigations of fetal loss 
are not directly comparable, either because they were 
not adjusted for the effect of parity or because they 
measured the: fraction of pregnancies that ended’ in 
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Table VIII. Estimated rate ratios according to cigarette and alcohol use* 





’ Cigarette smoking 


Never smoked 128 
Quit 91 
Current 70 
“Cigarette smoking (duration) 
Never smoked 128 
10 years or less 28 
11-30 years 65 
31+ years 66 
Trend test 
Alcohol (average weekly consumption) 
0 109 
Occasional drink 49 
6 drinks 63 
ooo a1 S drinks 36 
oo 14+ drinks 34 


Trend test 


Group with Estimated 
cancer Contral group rate ratiot 






95% Confidence 


interval 
130 1.0 e 
69 1.3 0.9-2.0 
83 0.8 0.6413 
130 1.0 _ 
23 LI 0:6-2.2 
66 0.9 0.6-1.5 
64 Ll 0.7-1.8 

p (trend) = 0.87 

122 1.0 os 
49 1.1 0.7-1.9 
54 14 0.8-2.3 
32 1.2 0.7-2.2 
26 1.5 0.8-2.8 


p (trend) = 0.14 


*Three participants without data on smoking duration or currency were deleted. 


+Adjusted for age and race. 


miscarriage rather than the number or months of var- 
ious pregnancy outcomes. 

Apart from the reduced risk associated with higher 
parity, there clearly seems to be a separate link between 
infertility and risk evident among the nulliparous 
women in our investigation. Previous studies have 
shown that married nulliparous women have a higher 

“risk than single nulliparous women.” We clarified this 
-observation by showing that married nulliparous 
< women who chose not to become pregnant were not at 
increased risk, but women who tried and failed defi- 
nitely were at increased risk. Case-control studies of 
‘ovarian cancer cannot easily assess infertility as a risk 
factor, because older women must recall often ill- 
defined diagnoses from decades earlier. One follow-up 
study of infertile women found increased ovarian can- 
cer risk among subjects with nonhormonal infertility 
(rate ratio = 3.2, 95% confidence interval = 0.3 to 
$2.9),4 but another did not.’ Both studies observed very 
“few cancers and both derived the expected rates of 
“ovarian cancer from the general population of parous 
and nulliparous women, so the effects of parity and 
‘infertility could not be separated. A long-term follow- 
up study of a large cohort of infertile women could 
_ discriminate between the effects of different kinds of 
= infertility and could provide useful etiologic clues. For 
example, anovulation that leads to infertility should 
_ protect against ovarian cancer if incessant ovulation is 
i a key mechanism. 
Several reproductive factors probably are not 


_ strongly related to risk. A majority of studies indicate 


-that the number of live births and not their timing is 
~~ the key factor. Our finding of reduced risk to women 


who breastfed their children. confirms a previous 
observation’ and supports the hypothesis that anovu- 
lation reduces risk. The absence of dose response may 
reflect the poor correlation between the number of 
months a woman breastfeeds and the months of ovu- 
lation suppression because of other factors such as body 
mass and variability in breastfeeding regimens. Men- 
strual factors such as age at menarche, menstrual symp- 
toms, and age at menopause do not appear to be 
strongly related to risk of ovarian cancer in these or 
other data, although the plateau in age-specific inci- 
dence around menopause strongly suggests a change 
in risk broadly related to cessation of ovarian function. 
It is not clear whether menopausal estrogen use affects 
risk. Hysterectomy does appear to decrease risk, but 
the association may reflect increased clinical surveil- 
lance rather than decreased risk." 

An anomalous finding in this study was that women 
who take oral contraceptives had only avery slight re-. 


duction in ovarian cancer risk. The estimated rate ratios | 


from many studies have been in the protective range 
of 0.5. to 0.7. We know of no biases in the current study — 
that would distort our estimate of the effects of oral 
contraceptives, Other known risk factors showed the 
same patterns in this study as in other studies, and 
women with diagnoses potentially related to. oral con- 
traceptives were not selected as control participants. 
From all of the available data we infer that oral con- 
traceptives protect some women from ovarian cancer. 

A history of mumps infection has been found to be 
a weak protective factor in several previous investiga- 
tions.'? This effect, if real, is certainly not strong: The | 
biologic meaning is in doubt because recall of mumps | 
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history has’ been shown to be a poor indicator of an- 
tibody titer." A careful examination of mumps expo- 
sure, assessed serologically, would be worthwhile. Most 
of the other childhood and adult diseases that we con- 
sidered probably do not influence the development of 
ovarian cancer. The apparent protection conferred by 
a history of shingles, in the absence of an effect of 
chickenpox, has no ready explanation. Nor does the 
effect of asthma. The lack of effect of hypertension, 
obesity, or diabetes, accords with the inconsistent find- 
ings of previous studies. Two medical conditions that 
warrant further study are thyroid disease and adrenal 
disease. The examination of adult diseases as risk fac- 
tors in a hospital-based case-control study is difficult 
because the control group should include only patients 
whose admission diagnosis is not related {positively or 
negatively) to the adult disease risk factor. Data from 
population-based studies with well-documented medi- 
cal histories may clarify whether these two associations 
are real. 

Women with a previous history of breast cancer were 
at substantially increased risk of ovarian cancer. This 
observation is not new" and appears to represent a true 
association. One goal of our painstaking pathologic and 
clinical review was to exclude metastatic breast and co- 
lon cancer; we believe misdiagnosis does not explain 
the finding. A family history of ovarian cancer seems 
to pose at least a three- to fourfold increased risk, as 
indicated by our results.and the results of others.” 

¿Smoking was not related to ovarian cancer in this 
investigation, as in most previous work, but the effects 

-tof alcohol remain unclear. Our study and others 
(e.g... Fasoli and Franceschi)'* estimate slightly in- 
creased incidence of ovarian cancer among drinkers, 
but other studies of ovarian cancer found reduced in- 
cidence among drinkers (e.g., Gwinn et al. and Byers 
et al.).'* "7 The available data suggest that if there is an 
association, it is weak. 

» During the: past decade, case-control interview stud- 
ies with 200 to 500 women with ovarian cancer have 
offered numerous leads. Comparisons among existing 

-studies suggest that some of the leads warrant further 

pursuit. Despite their cost, larger studies are needed to 
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give the statistical power to disentangle the effects of 
specific causes of infertility, varying paterns of oral con- 
traceptives, and specific pregnancy outcomes. 
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Now Demulen® 1/35 is the fastest Today more and more physi- 
growing monophasic* cians are taking an increased interest 
New OC Rx’s: Percent change, October 1987 to in Demulen 1/35 and prescribing it 
March 1989' for their patients on oral contracep- 


tive (OC) therapy. In fact, recent 
Statistics show that new prescriptions 
for Demulen 1/35 rose by 16% during 
the last 18 months (October 1987 to 
March 1989). That’ a significantly 
greater increase than any other 
monophasic OC,’ and nearly twice 
the growth rate of the multiphasic 
class.+ 
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Take a closer look at Demulen 
35 and add up the benefits. You'll 
‘find that Demulen 1/35 clearly deliv- 
ers the performance you expect 
and the results your patients need 
from an OC. 


O Reliable low-dose monophasic 

therapy 

O Low side-effect profile 

O Minimal lipid impact 

O Exclusive formulation with the 
” progestogen ethynodiol 

diacetate 
















Demulen 1/35 : 


(ethynodiol diacetate 1 mg, ethinyl estradiol 35 mcg) 


Demulen 1/35" Each white tablet contains ethynodio! diacetate 1 mg and ethiny! estradiol 35 mcg. Each blue tablet in 
Demulen 1/35-28 is a placebo containing inert ingredients. 

Demulen 1/90" Each white tablet contains ethynadio! diacetate 1 mg and ethiny! estradiol 50 mcg. Each pink tablet in 
Demulen 1/50-28 is a placebo containing inert ingredients. Indication and usage: For prevention of pregnancy, Pregnancy 
rate for products with 2:35 meg ethiny! estradiol or 2. $0 mcg mestranol is <1/100 wornan-years. With <35 meg ethinyl 
estradiol, rate is slightly higher: with progestogen-only oral contraceptives (OCs), rate is about 3. Precise comparisons cannot 
be made. Rates for other methods have been published. Dose-related Thromboembolic Risk. Studies showed positive 
association between OC estrogen dose and thromboembolic risk. It is in keeping with good therapeutics to minimize estrogen 
exposure, Prescribe product containing least amount of estrogen compatible with acceptable pregnancy rate and patient 
acceptance. Start new users on <50 mcg estrogen. Contraindications: Thrombophiebitis. thromboembolic disorders, past 
history of deep vein thrombophlebitis or thromboembolic disorders; cerebrovascular disease, myocardial infarction or coronary 
artery disease, or past history of these; known or suspected breast carcinoma, estrogen-dependent neoplasia, or pregnancy; 
undiagnosed abnormal genital bleecing: past or present, benign or malignant liver tumors developing during use of estrogenic 
products, Warnings: 













Cigarette-smoking increases risk of serious cardiovascular side effects trom OC use. Risk increases with age and 
heavy smoking (15 or more cigarettes/day) and is quite marked in women over 35. OC users should be strongly 
advised not to smoke. OCs are associated with increased risk of several serious conditions including venous and arterial 
thramboembolism, thrombotic and hemorrhagic stroke, myocardial infarction, visual disorders, hepatic tumors, gallbladder 
disease, hypertension, fetal abnormalities. Practitioners should be familiar with the available information telating to 
these and other risks. 









1. Thromboembolic disorders and other vascular problems. increased tisk of thromboembolic and thrombotic disease 
associated with OCs is well established. A British study showed increased risk for fatal venous thromboembolism (TE). British 
and U.S. studies showed increased risk far nonfatal disease. U.S. studies showed increased risk for stroke, OC users were 
2-11 times more likely to manifest these diseases without evident cause. in a study of idiopathic deep vein thrombosis and 
Dulmonary embolism (PE), projected hospitalization rates for ages 16-40 were 47/year/100,000 users and 5 for nonusers. 
Overall excess mortality from PE or stroke was 1.3-3.4 deaths/year/ 100,000 users and increased with age. Cerebrovascular 
Disorders: In a study of stroke with and without predispositions, risk of hemorrhagic stroke was 2 times greater and thrombotic 
stroke 4.0-9.5 times greater in users. Mortality trends in 21 countries indicate that changes in cardiovascular mortality were 
associated with changes in OC prevalence. The Royal College of GPs (RACGP) reported on its prospective study: “A Statistically 
significant higher rate of reporting of cerebrovascular accidents in Takers is evident, but the numbers are too smali to justify 
an estimation of the degree of risk.” A 1981 analysis showed a 4-fold increased mortality in users from circulatory diseases, 
mainly myocardial infarction (Ml) and hemorrhagic stroke. Excess mortality was associated with age and smoking, A 1983 
analysis showed elevated cerebrovascular disease, increasing with use to 8 yrs, including cerebral thrombosis or embolism 
and TIA, Peripheral arterial disease and MI were increased. Women over 30 had more arterial disease, being greatest in 
smokers. Arterial case-fatality was 2-3 times greater for users wha smoked. Family Planning Assoc. (FPA) found significant 
association between OC use and stroke; increased risk for venous thrombosis and PE was 4-fold and statistically significant, 
Mortality from nonrheumatic heart disease was greater in ever-users, in the Walnut Creek Study, subarachnoid hemorrhage 
risk was associated with smoking, age, and OC use. Myocardial Infarction: Increased risk of Ml associated with OCs was 
reported in Britain, as previously suspected. The morbidity study found the greater the number of risk factors for coronary 
artery disease (smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia) the higher 
the risk, regardless of OC use. OCs were an additional risk factor. Excess rate of tatal MI was 3.5/year/100,000 users aged 
30-39 and 20 for ages 40-44. (These are based on British statistics with acute MI death rates 2-3 times less than the US. 
Similar estimates for the U.S. are 25.7 for users aged 30-39 with predispositions vs 1.5 without: for ages 40-44, 86.2 vs 54) 
Excess hospitalization rate for nonfatal MI in Britain was 3.5/year/ 100.000 users aged 30-39 and 47 for ages 40-44. Smoking 
Major predisposing condition to Mi. In terms of relative risk, nonsmoking OC users are twice as likely to have fatal MI as 
nonsmoking nonusers. Smoking users have a 5-fo:d greater risk than nonsmoking users, but a 10-12-fold greater risk than 
nonsmoking nonusers. Amount of smoking is an mportant factor. in determining importance of these risks, give serious 
Consideration to rates in table below. Importance of other predispositions cited above in determining relative and absolute 
risks has not been quantified: it is likely the same synergism exists. but perhaps to a lesser extent. U.S. studies similarly 
relate Mi, OCs, smoking, and age. 


Estimated Mortality Rate from Myocardial Infarction per 100,000 Women/Year 


Aged 30-39: Users — Nonusers Aged 40-44: Users Nonusers 
Ail smokers 10.2 26 62.0 15.9 
2215 cigarettes daily 13.0 $4 78.7 313 
<15 cigarettes daily 47 09 28.6 57 
Nonsmokers 18 12 10.7 74 
Smokers and nonsmokers 54 19 328 W7 


Risk of Dose: Reports of TE after use of OCs with 2 50 meg estrogen received by drug safety committees in Britain, Sweden, 
and Denmark were compared with distribution expected from market research sales estimates. A positive correlation was 
found between estrogen dose and reporting of TE, including coronary thrombosis, in excess of that predicted by sales. OCs 
with 2 100 meg estrogen were associated with higher TE risk than those with 50-80 meg. Estrogen quantity may not be the 
sole factor; influence of progestogens was not considered, which may be responsible for certain discrepancies in the data 
No significant differences were noted between OCs containing same estrogen dose nor between ethinyl estradiol and mestranol. 
In Britain certain TE conditions were associated with progestogen or estrogen dose. In Sweden reports of TE decreased when 
higher estrogen doses were no longer prescribed. Studies on TE risk with progestogen-only OCs have not been done. Cases 
have been reported for these: they are not presumed free of risk. In a U.S. case-controlled study, relative risk of OC use 1 
month before hospitalization tor various types of TE was calculated. if relative estrogenic potency and possible influence of 
different progestogens are ignored, OCs may be divided into those with <100 meg and those with = 100 mcg estrogen. For 
all cases combined, larger doses were associated with only slightly higher risk; for idiopathic cases risk was doubled with 
larger doses, but confidence limits overlapped and differences were not significant. Apparently there was lass increased risk 
for cases with predispositions, In FPA study no nonhemorrhagic strokes occurred with <50 mcg estrogen, vs 13 with higher 
doses. TE risk in users and nonusers increases with age. OCs have been considered an independent risk factor. Persistence 
of Risk after OC discontinuation was reported for circulatory disease, nonrheumatic heart disease, and cerebrovascular disease, 
including subarachnoid hemorrhage, cerebral thrombosis, and TIA. Excess Mortality from Circulatory Diseases: A UK. 
prospective study estimated annual mortality from circulatory diseases for OC users and nonusers by age. smoking, and 
duration of use. Excess mortality was 23/100,000 users (2 and 10 for ages 25-34, 15 and 48 tor ages 35-44, 41 and 179 for 
ages >44. for nonsmokers and smokers, respectively). Risk was significant only for smokers over 34. Most deaths were due 
to subarachnoid hemorrhage or ischemic heart disease. Risk for aver-users rose with parity. One study estimated risk of death 
with various contraceptive methods, each estimate including risk of method (eg, TE for OCs) plus risk due to pregnancy or 
abortion in cases of method failure. This latter risk varies with effectiveness, It concluded mortality with all methods is low 
and below that of childbirth, except for OC users over 40 who smoke. Heavy smokers have double the risk of smokers, light 
smokers about half. Mortality with OC use in nonsmokers over 40 is higher than with any other method in that age group. 
Lowest mortality is with condom or diaphragm backed up by early abortion. Risk of TE and thrombotic disease with OCS 
increases with age after 30 and. for MI, is further increased by hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia, and especially cigarette smoking. Based on current data, the chart gives gross estimates of risk of 
death from citculatory disorders associated with OCs: 








Risk is: A~very high; B—high; C-—moderate; D--tow. Age: <30 30-39 240 
Heavy smokers (2: 15/day) c B A 
Light smokers (<15/day) D ¢ 8 
Nonsmokers, no predispositions d cD c 
Nonsmokers, with predispositions c CB BA 





Be alert to earliest manifestations of TE and thrombotic disorders (eg, thrombophlebitis, PE, cerebrovascular insufficiency, 
coronary artery disease, MI, retinal thrombosis, mesenteric thrombosis}. Should any be suspected, discontinue OCs 
immediately, A 4-7-fold increased risk of postsurgery TE was reported in users: if feasible discontinue OCs at least 4 weeks 
before surgery or in prolonged immobilization, Before resuming OCs, weigh risks of postsurgery TE complications against 
contraceptive needs. The RCGP prospective study reported higher incidence of superficial and deep vein thrombosis in users, 
the former correlated with progestogen dose. The data suggest varicose veins have little effect on development of deep vein 
thrombosis but substantially increase risk of superficial vein thrombosis. risk depending on severity of varicosities. 2. Ocular 
lesions: Neuto-ocular lesions such as optic neuritis or retinal thrombosis have been associated with OCs. Discontinue if there 
is unexplained, gradua! or sudden, partial or complete loss of vision: proptosis or diplopia: papilledema; or evidence of retina! 
vascular lesions. Institute diagnostic and therapeutic measures. 3. Carcinoma: Long-term estrogen in certain animals increases 
carcinomas and/or nonmalignant neoplasms, such as those of breast, uterus, cervix, vagina, ovary, liver, pituitary Some 
synthetic progestogens, none currently in OCs, increase incidence of benign and malignant mammary nodules in dogs. There 
is evidence that estrogens increase risk of human endometrial carcinoma. in case-controlied studies, increased risk (2.213.9 
times} associated endometrial carcinoma with prolonged estrogen for menopausal symptoms. Risk was independent of other 
known risk factors and depended on duration of use and dose. This is supported by increased endometrial cancer incidence 
since 1969 in areas with cancer-reporting systems, which may be related to rapidly expanding estrogen use. There is no 


evidence that natural estrogens are more or less hazardous than synthetics at equi-estrogenic doses, Of the first 30 cases ol 
endometrial carcinoma in OC users under 40. those without predispositions (eg, irregular bleeding before OCs, polycystic 
ovaries) occurred searly always with no-longer-marketed sequential OCs. No statistical association is reported Suggesting 
increased endometrial cancer with combination of progestogen-enly OCs, though individual cases were reported. Studies show 
no increased breast cancer with OCs cr estrogens. However, greater risk was noted in OC users with benign breast disease 
of long-term (2-4 years) use. One study found greater risk of breast cancer with >4 years OC use phor to first full-ten 
pregnancy. Risk of breast cancer with menopausal estrogens rose and further increased with duration of follow-up. OCs t 
estrogen were related to breast cancer in connection with other risk factors. Decrease in benign breast tumors in OC users is 
wail known. Some studies suggested increased risk of cervical dysplasia, erosion, and carcinoma in long-term users. Cervical 
macroglandulas hyperplasia has been reported. in summary, there is no consistent evidence from human studies of increased 
cancer risk with OCs. Close surveillance is, however, essential. In undiagnosed persistent or recurrent abnormal vaginal 
bleeding, consider nonfunctional causes and take diagnostic measures to rule out malignancy, Carefully monitor users with 
strong family history of breast cancer or with breast nodules, fibrocystic disease. recurrent cystic mastitis, abnormal 
mammograms, or cervical dysplasia. 4. Hepatic adenomas, etc have deen associated with OCs. in 1 study OC formulations 
with high “hormonal potency” were associated with higher risk, as was age over 30. Though benign, these lesions may 
rupture and cause fatal hemoperitoneum in short- or long-term users. Two studies related risk to duration of use, being much 
greater after 324 years. Long-term OC users have an estimated adenoma incidence of 3-4/year/ 100.000. Consider such 
lesions in users with abdominal pain, tenderness, mass, or shock, About 25% present with abdominal masses, up to half 
with acute hemoperitoneum. Radiologic and iab studies may not be helpful: liver scans may show local detect. Hepatic 
arteriography or CAT may be useful. Hapatoceltular carcinoma nisk is increased 7-20 times in users for 8 or more years. Bile 
duct cancer may occur with OC use, OCs are contraindicated in case of past or present, benign or malignant liver tumors 
developing during use of estrogenic products. 5. Use in or immediately preceding pregnancy, birth defects, malignancy in 
offspring: Estrogens or progestagens during early pregnancy may seriously damage offspring, Females exposed in utero to 
DES and other nonsteroidal estrogens may have increased risk of vaginal or cervical cancer. Though OCs may not enhance 
this risk, manitor such patients carefully. From 30-90% ot DES-exposed women develop benign vaginal or cervical adenosis, 
which could be premalignant. DES-exposed daughters have mare untavorable pregnancy outcomes, Males so exposed may 
develop urogenital and sperm defects. Other estrogens may mimic DES. Reports relate fetal exposure to female sex hormones 
and congenital anomalies, eg, VACTERL tor vertebral, anal, cardiac, tracheoesophageal, renal, and limb detects. There appears 
preferential expression by males. There was a 4.7-fold increased risk of limb-reduction defects in intants exposed in utero to 
sex hormones (OCs, hormonal withdrawal pregnancy tests, or treatment for threatened abortion). Some exposures were very 
short, being only a few days. Cardiovascular defects in childran exposed to temale hormones, including OCs, during early 
Pregnancy occurred in 18.2/1,000 births, compared to 7.8 for those unexposed (P<..05). More twinning was reported in 
conceptions shortly after OC discontinuance. Female sex hormones ware used for threatened or habitual abortion, but there 
is considerable evidence estrogens are ineffective and no evidance progestagens are effective. Tripioidy and possibly other 
polyploidy may be increased in abortuses from women becoming pregnant soon post-OC. These almost always abort 
Spontaneously H is unknown if spontaneous abortion is increased soon after stopping OCs. Increased chromosome aberrations 
have been reported. Safety of OCs in pregnancy has not been demonstrated. Rule out pregnancy in using OCs and always 
consider it if withdrawal bleeding does not occur. If 2 consecutive periods are missed rule out pregnancy betore continuing. 
it user deviates from regimen, consider pregnancy at first missed period and withhold OCs. If pregnancy is contirmed, apprise 
Patient of potential fetal risks and discuss continuation of pregnancy. Users discontinuing for pregnancy should use alternative 
Contraception for 3 months before attempting to conceive, though this is not based on precise information. Do not use 
hrogestogen-anly or progestogen-estrogen drugs as pregnancy tests. 6. Gallbiadder disease tisk, surgically contirmed, 
appeared after 2 years’ use and doubled after 4-5 years in 1 study: it appeared in 6-12 months’ use in another. 7 Carbohydrate 
and lipid metabolism: Decreased glucose tolerance occurs in a significant number of users: carefully observe diabetic and 
prediabetic patients. Triglycerides, total phospholipids, and lipoproteins may increase, 8. Elevated blood pressure (BP) occurs 
in some users in a few months, and degree may relate to progestogen dose, Hypertension prevalence in users is not higher 
in the first year, but increases with longer exposure; in the 5th year it is 22-3 times the first year, Age is strongly correlated 
with hypertension in users. Those with history of elevated BP (hypertension), preexisting renal disease, history of toxemia or 
elevated BP in pregnancy, familial tendency to hypertension or its consequences, or history of excessive weight gain or fluid 
retention during menstrual cycles may be more likely to develop elevated BP on OCs and should be monitored closely. Even 
though elevated BP may be in “normal” range, do not ignore implications, Follow closely, particularly those with other risk 
factors for cardiovascular disease or stroke. High BP may or may not persist after stopping OCs. 9. Headache: Onset or 
exacerbation of migraine or development of headache of a new pattern that is recurrent, persistent, or severe requires stopping 
OCs and evaluating cause. W. Bleeding irregularities: Breakthrough bleeding (BTB), spotting, and amenorrhea are frequent 
reasons for discontinuing. In BTB, as in all cases of irregular bleeding, consider nonfunctional causes, In undiagnosed 
persistent or recurrent bleeding, rule out pregnancy or malignancy. If pathology is excluded, time or change to another product 
may suffice. Change to a higher-estrogen OC only when necessary as this may increase thromboembolic tisk. Those with 
history of oligomenorrhea or secondary amenorrhea or without established regular cycies may be anovulatory or amenorrheic 
after discontinuing, Those with such problems should be so in‘ormed and other methods encouraged. Post-use anavulation, 
possibly prolonged, may occur in women without previous irvegularities. Higher incidence of galactorrhea and of pituitary 
tumors has been associated with postpill amenorrhea. One study reported 16-fold increased prevalence of pituitary prolactin- 
secreting tumors in patients with postpil! amenorrhea when galactorrhea was present. 11. Ecfopics: In failures with combination 
OCs, the ratio of ectopic to intrauterine pregnancies is no higher than in nonusers. There may be increased risk of ectopics 
after discontinuing. 12. Breast feeding: OCs may decrease quantity and quality of milk. A small fraction ot OC steroids appears 
in miik. Effects if any on child are unknown. if feasible defer OCs until after weaning. 19. (fertility may occur atter discontinuing 
OCs. While impairment diminishes with time, there is still an appreciable difference in nulliparas aged 25-29 after 30 months: 
difference is negligible after 48 months. In nullips aged 30-34 impairment persists to 72 months and is more severe for 2- 
year users. In paras aged 25-34, difference is negligible after 30 months, Precautions: Conduct complete history and physical 
prior to OC use and annually thereafter Include breasts, abdomen, and pelvis, with BP Pap, and lab tests. Preexisting uterine 
feiomyomata may enlarge. Mental depression may occur: with positive history, observe carefully and discontinue if serious 
recurrence. Fluid retention may occur; prescribe cautiously and monitor carefully in convulsive disorders, migraine, asthma, 
or cardiac, hepatic, or renal dysfunction. History of jaundice in pregnancy increases risk of recurrence on OCs, observe 
carefully and discontinue it it occurs. Cholestatic jaundice occurred after OC and troleandomycin use, OC/cyclosporine 
combination may be hepatotoxic. Steroids may be poorly metabolized in liver dysfunction and should be given cautiously. 
Tryptophan metabolism may be disturbed and result in pyridoxine deficiency, megaiobiastic anemia has been reported. Serum 
folate may be depressed and may be exacerbated in post-OC pregnancy. Advise pathologist of OC use when submitting 
specimens. Endocrine and liver function tests may be altered: repeat abnormal tests after stopping for 2 months, These have 
been observed: increased BSP retention and other abnormalities in tiver function tests; increased Prothrombin and coagulation 
factors VH, Vill, IX, X; decreased antithrombin IH, increased platelet aggregability; increased thyroid-binding globulin leading 
te increased circulating total thyroid hormone (PBI, T4); decreased T? uptake, unaltered free T4, decreased pregnanediol 
excretion; reduced metyrapone response; increased blood transcortin, corticosteroid. triglyceride, phospholipid, reduced serum 
folate; impaired glucose tolerance; altered plasma trace minerals. Influence of prolonged OC use on pituitary, ovarian, adrenal, 
hepatic, or uterine function, or on immune response not established, OCs may mask onset of climacteric. Cervical chlamydial 
prevalence is increased; do not assume OC protects against chlamydial PID. information for patients. See patient labeling. 
Drug interactions. OC effectiveness may be decreased and mere BTB occur with rifampin, isoniazid, ampicillin, neomycin, 
penicillin V, tetracycline, chloramphenicol, sulfonamides, nitrofurantoin, griseofulvin, barbiturates, phenytoin, carbamazepine, 
primidone, phenylbutazone, analgesics, tranquilizers, antimigraines. OCs may alter effectiveness of oral anticoagulants, 
anticonvulsants, tranquilizers, tricyclic antidepressants, antihypertensives, theophylline, caffeine, vitamins, hypoglycemics, 
clofibrate, glucocorticoids, acetaminopnen. Adverse reactions: increased risk of the following serious adverse reactions has 
been associated with OCs: thrombophiebitis and thrombosis: pulmonary embolism: arterial thromboembolism; Raynaud's 
disease, myocardial infarction: coronary thrombosis: cerebral thrombosis: cerebral hemorrhage: hypertension; gallbladder 
disease, Budd-Chiari syndrome: benign adenomas and other hepatic lesions, with or without intra-abdominal bleeding, liver 
cancer, Congenital abnormalities. There is evidence of association between the following and OCs, though confirmatory studies 
have not been done: mesenteric thrombosis; neuro-ocular lesions, eg, retinal thrombosis and optic neuritis. The following are 
believed drug related: nausea, vomiting, gastrointestinal symptoms, BTB, spotting, change in menstrual flow, dysmenorrhea, 
amenorrhea during and after use, infertility post-OC, edema, chioasma or melasma, which may persist post-OC, breast 
changes (tendemess, enlargement, secretion), weight changas, change in cervical erosion and secretion. endocervical 
hyperplasia, lactation decrease, cholestatic jaundice, migraine, enlarged uterine leiomyomata, allergic rash, mental depression, 
reduced carbohydrate tolerance, vaginal candidiasis. change in corneal curvature (steepening), intolerance to contact lenses. 
Association not confirmed or refuted tor: premenstrual-tike syndrome, cataracts, libide changes, chorea, appetite changes, 
cystitis-like syndrome, headache, paresthesia, nervousness, dizziness, auditory disturbances, rhinitis, fatigue, backache, 
hirsutism, scalp hair loss, erythema multiforme or nodosum, hemorrhagic eruption, herpes gestationis, hemolytic uremia, 
malignant hypertension, itching, vaginitis, porphyria, impaired renal function, acute renal failure, sometimes irreversible, PVCs, 
abnormal EKG, pulmonary hypertension, TTP. anemia, pancreatitis, hepatitis, colitis, Crohn's disease, gingivitis. dry socket, 
lupus erythematosus, rheumatoid arthritis, pituitary tumors (eg, adenoma) with amenorrhea and/or Qalactorrhea after use, 
malignant melanoma, endometrial, cervical, breast, and bile duct carcinoma. Acute overdosage: Serious ili effects have not 
been reported after jarge acute doses of OCs in young children. Nausea and withdrawal bleeding might occur. Important aote: 
Complete prescribing information should ba consulted prior te use and is available on request. 


9/21/87 © PB7-A4B30V 


Address medical inquiries to: G.D. Searie & Co. 
Medical & Scientific information Department 
4901 Searle Parkway, Skokie, IL 60077 


Searle & Ca. 
San Juan, PR 00936 


TV MOSBY 


OBSTETRICS/ 





|. GYNECOLOGY 
| * 
| 





_ OBSTETRICSIGYNECOLOGY REPORT 
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OBSTETRICSIGYNECOLOGY REPORT, a new resource 
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from new developments to cases of interest. 
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resource that truly is beneficial to clinical practice. 
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to 3-day therapy 


Cure vulvovaginal candidiasis 
in just three days" 


Broad spectrum of activity 


» Cures infections due to Candida albicans and Candida 
tropicalis within 3 days. 


Gaa <2 





Documented 3-day efficacy 


p Microbiological cure rates of 95% eight days following | 
Femstat 3-day therapy: q 
» Low relapse rates 30 days post therapy. | 


Femstat Prefill is: 
» NOT a triazole/NO flu-like symptoms. 
» Safe in second- and third-trimester pregnant patients: 


Patented prefilled, disposable applicators 


> Disposable to reduce risk 
of reinfection. 


> Prefilled for unit-dose accuracy. 
» Designed for enhanced patient 
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Femstat Prefill 
{putoconazole nitate NCL 
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INDICATIONS: FEMSTAT® {butoconazole 
nitrate) vaginal cream 2.0% is indicated 

for local treatment of vulvovaginal mycotic 
infections caused by Candida species. 
Confirm the diagnosis by KOH smears and/ 
or cultures, FEMSTAT can be used with oral 
contraceptives and antibiotics. It is effective 
in non-pregnant women and during the 
second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is con- 
traindicated in patients hypersensitive to 
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Heuristic determination of relevant diagnostic procedures in a 
medical expert system for gynecology 


Steven L. Small, PhD," and Eberhard K. Muechler, MD* 


Pittsburgh, Pennsylvania, and Rochester, New York 


Many professions including medicine have standard operating procedures for the performance of their 
tasks. In the construction of expert systems, knowledge engineers have exploited this fact in devising 
heuristic rules that mimic the standard practice among such personnel (i.e., experts). This article suggests 
that the expert system designer should not stop at the level of the standard operating procedure heuristic 
but should instead investigate the reasons that the standard procedures have become standard. Because 
the experts in a field often do not understand the reasons for the standard operating procedures of their 
profession, this effort not only rewards the system designer but the expert as well. Because medical 
training does not always emphasize the logical reasoning underlying certain standard operating 
procedures, the ability to perform this reasoning is especially important in medicine. Further, a medical 
expert system for consultation or education would make a valuable impact by incorporating such 
knowledge and inference rules. This article investigates the development of a computerized medical expert 
system that applies the principles of artificial intelligence by limiting the number of questions and tests to 
find the solution for an ill-defined complex problem. Finally, we describe a logic program that tests the 


_ basic ideas. (Am J Osstet GYNECOL 1989;161:17-24.) 


Key words: Artificial intelligence, medical expert system, diagnostic reasoning in gynecology 


The purposes for building expert systems in medi- 
cine are either (1) clinical advice for physicians who are 
experts or nonexperts in the particular area of the pro- 
gram, or (2) teaching students or postdoctoral trainees 
of the methods of practice in that area. Because these 
systems may reflect accurately the long-standing meth- 
ods of medical education and practice in their emphasis 
on standard operating procedures, perhaps the use of 
automated reasoning could be used to improve this 
practice. Both consultation and educational programs 
might be substantially improved by more extensive rea- 
soning than can be obtained by the typical standard 
operating procedure (SOP) heuristics of these systems. 

Existing medical expert systems that are aimed at the 
diagnostic instead of the treatment phase seem to use 
variations on two similar approaches: (a) the find- 
ings/diagnosis matrix and (b) the findings/conclusion 
rule set. Most of the type a systems do not represent 
causality in any direct way and instead rely on corre- 
lations between sets of findings and conclusions. Usu- 
ally they are not considered to be artificial intelligence 
systems, but their designers do call them expert sys- 
tems. Our attention was called to this approach by a 
large system to diagnose problems of infertility in cou- 
ples.’ The system scored a wide range of findings and 
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attempted to rule in and rule out diagnoses from a large 
number included in the data base. The type b systems 
(artificial intelligence medical (AIM) systems) represent 
causality directly, and the different chains of reasoning 
from the given findings to the possible conclusions are 
scored by their likelihood of being correct. The likeli- 
hood for any chain of reasoning depends on numerical 
combination of the individual likelihoods for each rea- 
soning step. In both type a and type b systems, the 
scoring systems are applications of mathematical phys- 
ics. A group of abstract speculations are written as equa- 
tions in a computer program and the computer solves 
the equations by using a numerical value system for 
reaching conclusions. 

These medical expert systems incorporate vast 
amounts of knowledge centered on the different med- 
ical findings and the conclusions that can be drawn 
from these findings. However, in actual practice the 
availability of different findings depends on the phy- 
sician’s ability to ask the proper questions, perform pro- 
cedures; or request that procedures be performed. Fur- 
thermore, the physician is expected to perform the re- 
quired diagnostic procedures in some rational order 
and to perform only those procedures that are actually 
required to make the correct diagnosis. This situation 
suggests that the diagnostic procedures themselves be 
given a focal place in the representation of medical 
knowledge for diagnosis. The gynecologic domain of 
infertility is used in this presentation. It represents a 
well-defined field with medical experts (reproductive 
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endocrinolagists) who daily perform the complex tasks 


of decision making with patients and teach patterns of 
abstract thinking to students and residents. 

The system to be described uses knowledge about 
diagnostic procedures as a fundamental source of heu- 
ristic knowledge for problem solving. Thus it broadens 
the search space from the space of diagnostic findings 
to one that includes the examinations and tests that 
obtain those findings. The heuristic rules weigh the 
advantages and disadvantages of different procedures 
at each stage of the search for an accurate diagnosis. 

Heuristics are strategies (rules of thumb) that are 
applied to a defined set of observations that are ob- 
tained by patient history, physical findings, and labo- 
ratory tests assigned a value system to reach conclusions 
and recommendations. Artificial intelligence uses heu- 
ristics in computer programs to mimic the ability to 
solve problems by medical experts. In cases of female 
infertility the most relevant facts in the history focus 
on the menstrual cycle, a history of pain, infection, 
contraceptive use, and previous pelvic surgery. The ob- 
servations of physical examination are usually confined 
to a limited set of findings obtained by inspection and 
palpation, such as appearance and color. of the cervix 
and vagina; size, position, and regularity of uterus, ova- 
ries, and tubes; presence or absence of pain on pal- 
pation, change in consistency of structures that are usu- 
ally not palpable (ligaments). In addition to this infor- 
mation, a set of biochemical laboratory procedures 
(e.g., blood count, blood chemistry, and hormone val- 
ues) and biophysical tests (e.g., ultrasonography, hys- 
terosalpingogram, endometrial biopsy, hysteroscopy, 
and laparoscopy) define the process of data gathering 
that leads the medical expert to conclusions and deci- 
sions, The cost factor of different procedures is sub- 
consciously incorporated by medical experts in assign- 
ing a rank order in the decision-making process. Note 
that “cost” is defined in the most general sense of the 
word, including morbidity and mortality as the most 
important costs, with pain, inconvenience, and financial 
factors as secondary costs. However, the financial cost 
of a procedure itself implicitly represents to some ex- 
tent the overall risk factor of the procedure. 


Diagnostic procedure reasoning 


Our goal has been to explore the diagnostic process 
to construct a computer program that can reason over 
a range of gynecologic problems. Diagnostic process is 
defined as the step-by-step procedure of recommend- 
ing diagnostic tests and acting on their results. This 
cycle continues until some test gives a definitive result. 


Performing the tests themselves is considered adjunc-. 


tive to the diagnosis process, and is left to the laboratory 
or physician. The medical problems included in the 
study are meant to be indicative of typical gynecologic 
presentations and should not be considered special in 
any way. If the notions presented do not seem appli- 
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cable to domains other than the sample domain, then 
we have not been successful in our approach. 

A major decision in the approach to this problem 
concerned what information was to be given explicitly 
to the program and what information the program 
should infer for itself. This issue was confronted early, 
since a first diagnostic test is recommended for almost 
all gynecologic patients in almost all circumstances— 
the pelvic examination. Most gynecologists would claim 
that this test should always be done as part of an initial 
patient examination, regardless of the other aspects of 


this examination. It seemed to «1s that despite the wide- 


spread agreement on the need. for this examination as 
an initial diagnostic procedure, the reasons should be 
investigated more carefully. If some test seems univer- 
sally accepted as a standard part of some diagnostic 
sequence, it must have some specific value in that role, 
underlying its acceptance, that can be uncovered. 

It should be noted that this reasoning is not specific 
to the pelvic examination or to gynecologic diagnosis. 
An analysis of the medical history section of the normal 
physical examination leads to the same questions. Why 
does the physician take a patient history before per- 
forming an exploratory laparotomy when a patient is 
initially seen with abdominal pain? Likewise, when a 
computer goes down, why does the system programmer 
examine the programs that were running on the ma- 
chine, instead of immediately changing some of the 
circuit boards? Clearly, the expert medical doctor or 
computer fault diagnostician considers various costs, 
such as financial cost or the amount of time required, 
ina stepwise approach to solving the problem. If a low- 
cost approach does not succeed, then a higher cost ap- 
proach should be tried. 

Because standare operating procedures exist for 
troubleshooting in expert domzins, and these can be 
used heuristically in computer programs to advise 
troubleshooters, it might be advantageous to investigate 
these procedures and determine why they were initially 
devised. With that knowledge, a much better expert 
computer program can be built that incorporates an 
ability to reason at a deeper level than one based on 
SOPs. In a system for medical Ciagnosis, such an ap- 
proach would lead the designer to consider various 
levels of explanation back to the relevant physiology 
and cell biology. The simple medical diagnosis program 
described in this paper uses information at only a single 
level removed from normal clinical SOPs. However, for 
a system to be useful it must be fluent in the more basic 
explanations. ! 

Instead of focusing exclusively on the causal rela- 
tionships that pertain in a collection of diagnostic find- 
ings, our program uses additional knowledge about the 
procedures that obtain these findings. It reasons which 


-procedures should be performed and why they should 


be performed to obtain the findings that are needed. 
Thus the course of the overall diagnostic procedure is 
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driven by the determination of the relevant medical 
tests or procedures that should be performed at a given 
point in the process. By making this determination a 
rational process instead of one based on standard op- 
erating procedure, the underlying reasons for per- 
forming or not performing a procedure at a particular 
time, such as cost or effectiveness at evaluating com- 
peting diagnoses, can be addressed explicitly. Often 
these reasons are not even realized explicitly by phy- 
sicians who make decisions based on them. 

The foregoing application of artificial intelligence to 
gynecology was designed through collaboration be- 
tween the computer scientist and the medical expert in 
reproductive endocrinology. In this scenario the med- 
ical expert provides the reasoning for abstract decision 
making and the computer scientist uses mathematical 
rules of value to arrive at conclusions that simulate the 
thought process. l 

As an initial test of these ideas, a small program has 
been implemented to recommend diagnostic proce- 
dures and to use the results of these procedures either 
to recommend other procedures or to make a final 
diagnosis. The gynecologic domain in this example con- 
sists of the common symptoms of pelvic pain and in- 
fertility. The medical expert and the computer should 
arrive at a limited number of tests and procedures in 
a logical sequence without excessive cost. The program 
has been coded in a Horne clause theorem proving 
system based on Prolog? and implemented in Lisp.® ` 

For each diagnostic procedure the system incorpo- 
rates a number of facts describing the different classes 
of findings that that procedure can be used to deter- 
mine. The following predicate states that the pelvic 
examination can be used to determine the position of 
a patient’s uterus (anteflexed or retroflexed): 


(procedure pelvic-exam uterine-position) 


In addition, for each procedure the program includes 
certain information about the different costs associated 
with that procedure. The following predicate is rep- 
resentative: 


(cost pelvic-exam pain small) 


This assertion indicates that the pelvic examination has 
a small amount of pain associated with it. The program 
uses symbolic descriptions (e.g., small) instead of nu- 
merical coefficients in all user predicates, although 
ad hoc numerical computations do drive the reasoning. 

At least four different cost parameters appear to be 
considered in the process of choosing which diagnostic 
procedures to perform at a particular point in evalu- 
ating a patient: risk of morbidity, financial cost, pain 
and suffering, and time expenditure. The overall cost 
of a procedure is a weighted algebraic sum of these 
individual factors. In different domains and in certain 
contexts, each of these factors becomes extremely im- 
portant to decision making in the real world. The risk 
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of morbidity might be always considered paramount, but 
consider a case in which the diagnoses themselves in- 
volve tremendous morbidity. Financial cost may in some 
circumstances depend on the wishes of the payer, which 
may or may not be a patient. Pain may rarely be con- 
sidered by the physician, but depending on the im- 
portance of the procedure, may be important for the 
patient. The expenditure of time does not matter much 
in most diagnoses in gynecology. Consider the time 
required to analyze arterial oxygen or carbon dioxide, 
procedures that are important and common in people 
with respiratory problems, if the patient shows severe 
respiratory distress and will suffocate without imme- 
diate intervention. 

The four cost parameters themselves do not direct 
the decision-making process toward the correct class of 
procedures, although they do aid in the decision from 
among a class of procedures that might be appropriate 
at a given time. Another needed heuristic must cor- 
relate the costs with the diagnostic process, represented 
by the following information: the need for new find- 
ings, the procedures that can obtain those findings, and 
the plausible competing diagnoses at the current point 
in the overall stage of reasoning. A physician knows 
which findings would help to differentiate among the 
leading diagnoses; indeed, this knowledge has been en- 
coded in many good AIM systems.*® The physician also 
knows which procedures can provide this information 
or make suggestions about it. With this knowledge, a 
program should make good decisions. 


. Results 


Our example program contains an oversimplified set 
of predicates about these issues. For each possible di- 
agnosis, the data base contains predicates about the 
classes of findings required to make that diagnosis. The 
following predicate is typical: 


(dxneed chronic-PID tubal-patency) 


This assertion indicates that the program needs some 
value for the parameter tubal-patency to make a diag- 
nosis of chronic pelvic inflammatory disease associated 
with infertility. In fact, the heuristics of the program 
use these data as suggestions; a finding regarding tubal 
patency would be helpful for the diagnosis but not nec- 
essary. As described above, the data base also contains 
predicates such as the following, which are used as one 
might expect: 


> (procedure HSG tubal-patency) 


This datum indicates that the tubal patency of a patient 
can be assessed with the hysterosalpingogram proce- 
dure. These two sorts of facts, along with cost infor- 
mation, are used in conjunction with the leading po- 
tential diagnoses to choose an appropriate procedure 
to recommend. The findings and diagnoses are scored 
by an ad hoc numerical scheme, but certain numerical 
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Table I. Diagnoses and tests included in the 
AIM system 
neti S 
Diagnoses 
Leiomyoma 
Chronic pelvic inflammatory disease 
Endometriosis 
Uterine polyps 
Cervical polyps 
Chronic cystourethritis 
Ileitis 
Colitis 
Tests 
Pelvic examination 
Uterine sound 
Hysterosalpingogram 
Ultrasonography 
Laparoscopy 





values (thresholds) are assigned symbolic names for use 
in the heuristics, 

The currently operating computer system comprises 
approximately 50 rules and approximately 100 basic 
facts. The relevant diagnoses and tests are listed in 
Table I. To recommend a diagnostic procedure, the 
system uses logic to try to “prove” that a certain pro- 
cedure should be recommended. Each such proof must 
be based on proving a number of other smaller notions, 
until eventually a combination of simple facts suffices 
to complete the picture. The system uses two primary 
heuristic rules for recommending procedures, both of 
which will be presented here. Note that each rule calls 
on the system to perform a number of other tasks (i.e., 
to prove that a number of conditions pertain) before 
making the recommendation. These secondary rules 
are not illustrated here. ` 

The data base of the system stores the names of the 
procedures that it can recommend, such as the pelvic 
examination, hysterosalpingogram, or laparoscopy. 
The system attempts to recommend all of these pro- 
cedures, and is allowed to use any available rules to do 
so, However, the resulting recommendation always 
consists of a single procedure because of the nature of 
the rules themselves (shown below), which prefers first, 
useful procedures, and second, ones that are of low 
cost. 

The basic heuristic for recommending a diagnosis 
consists of the following: 

l. Find two diagnoses that are plausible 

2. Find one class of findings that are needed by both 

3. Find a procedure that can get this finding. that 
has not alreacy been performed, and 

4. Ensure that the cost of this procedure is low 
A diagnosis is considered plausible if its score has reached 
a certain threshold. A diagnosis is considered suggested 
or probable if its score has reached one or another higher 
threshold. A suggested or probable diagnosis warrants 
a more costly procedure than does a plausible one. 

The computer program code for this first heuristic 
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rule illustrates the predicates used and the order in 
which they are evaluated. The horn clause below con- 
tains a conclusion on the left and a conjunction of pre- 
conditions on the right: 


(recommend Pproc) < (diagnosis ?dx1 

` plausible) 
(diagnosis ?dx2 
plausible) 
(NEQ ?dx1 ?dx2) 
(dxneed ?dx1 ?param) 
(dxneed ?dx2 ?param) 
(procedure ?proc 
?peram) 
(status procedure ?proc 

` available) 

(sumcost ?proc ?cost) 
(maximumthreshold 
sumcost ?cost minimal)) 


This rule can be written in English as follows: 


If: Some diagnosis dx] is plausible; 
and 
Some diagnosis dx2 is plausible; 
and 
Diagnoses dx] and dx2 are not the 
same; and 
Finding param helps in the ` 
diagnosis dx]; and 
Finding param helps in the 
diagnosis of dx2; and 
Procedure proc can determine 
finding param; and 
Procedure proc has not yet been 
performed and 
The cost of procedure proc is cost; 
and 
Cost cost is minimal; then 


Conclude: Procedure proc is recommended 


Currently, a simple polynomial equation computes the 
cost of a particular procedure and the coefficients for 
this polynomial are not context dependent. The sym- 
bolic name of a cost (e.g., minimal) represents a thresh- 
old on a numerical parameter. Note that each of the 
conditions in the “if” leads to the use of additional rules 
(e.g., showing that some diagncsis is “plausible”). It is 


f important to understand the reclusive nature of a rea- 


soning system based on logical axioms and proof tech- 
niques. In the two heuristic rules shown, a number of 
additional rules are involved to achieve the goal. For 
example, rules exist to find competing diagnoses. These 
particular rules comprise no more than a numerical 
evidence scheme as in Mycin,* with mappings from 
numbers to labels (e.g., “plausible” or “definitive”). The 
reclusive algorithm ensures all diagnoses included in 
the system (see Table I) are exhaustively searched until 
the diagnoses with the needed cttribute (e.g., “plausi- 
ble”) are found. 

In using the first heuristic, the system attempts first 
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to prove that the diagnoses of chronic pelvic inflam- 
matory disease and leiomyoma are plausible. If one of 
these could not be proved, the system tries reclusively 
another diagnosis until finding the two needed. In fact, 
one computational argument against proof-based sys- 
tems is the slow nature of exhaustive search. 

Sometimes a physician bypasses the lowest cost pro- 
cedures in favor of a procedure of significantly higher 
cost because of an intuitive feeling that a particular 
diagnosis can be confirmed. What this probably rep- 
resents is something that has been incorporated in 
INTERNIST® for some time, namely, that the differ- 
ence in score between the top two diagnoses may be 
more important than the absolute score of either. This 
second main heuristic rule is applied as follows: 

l. Find the two highest ranking diagnoses. 

2. Make sure their scores are very far apart. 

3. Find a class of findings that can make the top 
diagnosis definitive. 

4. Find a procedure that can get this finding. 
This situation occasionally occurs in the gynecology do- 
main, when some patient presentation resembles a clas- 
sic pattern so closely that diagnostic surgery such as 
laparoscopy is performed immediately without the 
lower cost pre-procedures that ordinarily precede it. 
This is illustrated in the sample trace shown in the 
Appendix, when laparoscopic surgery becomes the 
procedure of choice early in the diagnostic process be- 
cause of an overwhelming system preference for one 
diagnosis (i.e., endometriosis) over all others. Our pro- 
gram performs the same inference that is expected 
from a medical expert who uses his complex thought 
process for proceeding with the differential diagnosis 
and arriving at a specific conclusion that is accurate and 
cost effective.” 

The program code for this heuristic rule might be 
helpful for understanding the nature of the system: 


((recommend ?proc) < (SETVALUE ?topdx 
(bestdx 1)) 
(SET VALUE ?seconddx 
(bestdx 2)) 
(dxvalue ?topdx ?topval) 
(dxvalue ?seconddx 
?secondval) 
(freqcode spread large 
?spread) 
‘Spreaddx ?topval 
?secondval ?spread) 
(dxneed ?topdx ?param) 
(finding ?param Ptopdx 
definitive) 
(procedure ?proc 
?param) 
(status procedure ?proc 
available)) 


This rule could be written in English as follows: 
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If: Some diagnosis topdx is currently 
the best; and 
Some diagnosis seconddx is 
currently second; and 
Diagnosis topdx has value topval; 
and 
Diagnosis seconddx has value 
secondval; and 
Diagnosis values differing by at 
least spread are far apart; and 
The topval and secondval differ by 
more than spread; and 
Finding param is needed to 
diagnose topdx; and 
Finding param can make topdx 
definitive; and 
Procedure proc determines finding 
param; and 
Procedure proc has not yet been 
performed; then 


Conclude: Procedure proc is recommended 


The computer. program trace in the Appendix illus- 
trates the application of both this rule and the preced- 
ing one in a diagnostic problem. 


Comment 

Standard operating procedures are used in medicine 
to enable an economy of memory in medical experts. 
Because such economy may be necessary because of the 
vastness of medical knowledge, the construction of ex- 
pert systems may aid the physician in organizing and 
presenting this knowledge, The construction of expert 
systems may aid the physician in organizing and pre- 
senting this knowledge. The expert system should in- 
corporate the knowledge underlying the heuristic SOPs 
of the physician in addition to the higher level consol- 
idated rules. One such form of knowledge concerns the 
risks and costs of diagnostic procedures, which underlie 
the standard sequences of medical tests involved in de- 
ciding diagnoses. Another concerns the physiologic 
mechanisms that different procedures aim to uncover. 
All of this knowledge, some of which is not readily at 
the hands of medical experts, needs to be incorporated 
in AIM systems. 


REFERENCES 


1. Schild W, Gavish B, Lunenfeld B. Computer assisted med- 
ical diagnosis with an application to endocrinology. Tech- 
nical Report 014. Haifa, Israel: IBM Israel Scientific Cen- 

' ter, 1974:1-75. 

2. Roussel P, PROLOG—Manuel de Reference et d’Utili- 

‘sation, Groupe d’Intelligence Artificelle, UER de Luminy, 
Université d'Aix-Marseille II, 1975:1-36. 

3. Allen JF, Giuliano M, Frisch AM. The HORNE reasoning 
system. Technical report 126. Rochester, New York: De- 
partment of Computer Science, University of Rochester, 
1983:1-50. 

4. Shortliffe EH. Computer based medical consultations: 
MYCIN. North Holland: Elsevier, 1976. 

5. Miller PL. ATTENDING; critiquing a physician’s man- 


22 


Smali and Muechler 


agement plan. IEEE Trans Pattern Anal Machine Intell 
1983;5:449. 


. Miller RA, Pople HE Jr, Myers JD. INTERNIST- 1, an 


experimental computer-based diagnostic consultant. for 
general internal medicine. N Engl J Med 1982;307:468. 


. Patil RS. Causal. representation of patient illness for elec- 


trolyte and acid-base diagnosis. Technical report #267. 
Laboratory for Computer Science. Cambridge: Massa- 
chusetts Institute of Technology, 1981:1-137. 


. Davis R. Applications of meta-level knowledge to the con- 


struction, maintenance, and use of large knowledge bases. 
Technical report #76-7. Heuristic Programming Project. 
Palo Alte: Stanford University, 1976: 1-27. 


. Shortliffe EH, Fagan LM. Expert systems research: Mod- 


Appendix: A program trace 


10. 


11. 


July 1989 
Am J Obstet Gynecol 


eling the medical decision making procéss. Technical 
memo #82-3. Heuristic Programming Project. Palo Alto: 
Stanford University, 1982:1-17, 

Pople HE Jr. Heuristic methods for imposing structure 
on ill-structured problems: thé structuring of medical di- 
agnosis. In: Szolovits P, ed: Artificial intelligence ih med- 
icine. AAAS Symposia Series. Boulder, Col: Westview 
Press, 1982:119-85. . , 

Small SL, Muechler EK. Representing mutually exclusive 
knowledge in a property hierarchy for a reasoning system 
in clinical gynecology. In: Proceedings of the ninth annual 
symposium on computer applications in medical care. Bal- 
timore: 1985:304-8. 


This trace shows the application of the two rules isiad? in the body of the paper. 
First, the program recommends a diagnostic test by applying the rule that suggests low- 
cost tests to discriminate among plausible examinations in suggesting diagnostic surgery 
because of the rule that permits the attempt to verify diagnoses that appear to be far 
more pausible than that of the others. Thus in the second case, the system does not follow 
the standard operating procedure, which would recommend a ‘procedure to test the 
patency of the fallopian tubes (HSG) before attempting to validate the principal hypothesis 


(endometriosis) at greater cost. 


% gyn 
(procedure history) 
Please enter results of history: 
> infertility 


adding: ((dxvalue Oee 10) <) 


adding: ((dxvalue chronic-PID 10) <) 
adding: ((dxvalue leiomyoma 2) <) 
—> dysmenorrhea 


adding: ((dxvalue endometriosis 20) <) 
((dxvalue chronic-PID 12) <) 


adding: 
adding: 
—> spotting 
adding: 
adding: ((dxvalue chronic-PID 6) <) 
adding: ((dxvalue leiomyoma 14) <) 
-> nausea 
adding: 
adding: ((dxvalue chionic-PID 8) <) 
adding: ((dxvalue leiomyoma 4) <) 
~> pain-with-iritercourse 


((dxvalue leiomyoma 8) <) 


adding: ((dxvalue endometriosis 34) <) 


adding: ((dxvalue chronic-PID 14) <) 
adding: ((dxvalue leiomyoma 6) <) 
—> <— 
t 


((dxvalue endometriosis 26) <) 


((dxvalue endometriosis 32) <) 


We tell the system that the patient 
has an infertility problem with dys- 
menorrhea, spotting, nausea, and 
painful intercourse. 
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(prove’ (recommend?x) ) 
(q-1) (recommend?x) 
(Edited out: System fails on an inappropriate rule) 
(q-2) (diagnosis ?dx19 plausible) 
(q-3) (dxvalue ?dx19 ?y10) 
(r-3) (dxvalue endometriosis 34) 
(q-3) (minimum threshold dx 34 plausible) 
(r-3) (minimum threshold dx 34 plausible) 
(r-2) (diagnosis endometriosis plausible) 
(q-2) (diagnosis ?dx29 plausible) 
(Edited out: System tries endometriosis again but fails) 
(r-2) (diagnosis chronic-PID plausible) 
(q-2) (NEQ endometriosis chronic-PID) 
(r-2) (NEQ endometriosis chronic-PID) 
(q-2) (dxneed endometriosis ?param9) 
(r-2) (dxneed endometriosis s-s-spot-histology) 
(q-2) (dxneed chronic-PID-s-s-split-histology) 
(r-2) (dxneed endometriosis serosal-surface-spot-color) 
(q-2) (dxneed chronic-PID serosal-surface-spot-color) 
(r-2) (dxneed endometriosis serosal-surface-spot-presence) 
(q-2) (dxneed chronic-PID serosal-surface-spot-presence) 
(Edited out: Failed search for common needs) 
(r-2) (dxneed endometriosis uterine-tenderness) 
(q-2) (dxneed chronic-PID uterine-tenderness) 
(r-2) (dxneed chronic-PID uterine-tenderness) 
(q-2) (procedure ?x uterine-tenderness) 
(r-2) (procedure pelvic-exam uterine-tenderness) 
(q-2) (status procedure pelvic-exam available) 
(r-2) (status procedure pelvic-exam available) 
(q-2) (sumcost pelvic-exam ?cost9) 
(r-2) (sumcost pelvic-exam 7.1) 
(q-2) (maximum threshold sumcost 7.1 minimal) 
r-2 (maximum threshold sumcost 7.1 minimal) 
(r-1) (recommend pelvic exam) 
((recommend pelvic exam)) 


. (procedure 'pelvic-exam) 


Please enter results of pelvic exam: 
— uterine-mobility-limited 
adding: ((dxvalue endometriosis 40) <) 
adding: ((dxvalue chronic-PID 20) <) 
— uterine-position-retroflexed 
adding: ((dxvalue endometriosis 46) <) 
> 41 
t 


entered. 
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Try to recommend 
the next step. The 
system employs the 
first heuristic rule 
listed above. Note 
that a “q” is an at- 
tempt to prove 
something, and an 
“r” is the successful 
result. Thus in 
trying to show that 
some diagnosis 
(called dx19)} is 


‘ plausible leads to 


the successful result 
that indeed endo- 
metriosis is plausi- 
ble (henceforth, 
dx19 = endometri- 
osis). The same oc- 
curs again with re- 
sult that dx29 = 
chronic PID. To 
show that some- 
one has endometri- 
osis requires the 
histologic report of 
ectopic endome- 
trium (parameter 
9 = serosal-surface- 
spot-histology). To 
show chronic pelvic 
inflammatory dis- 
ease requires show- 
ing tenderness to 
the uterus. Since the 
pelvic exam has not 
been done, and 
since it has low cost 
(the lowest in all cat- 
egories), it is rec- 
ommended. 


The results of the pelvic exam are 
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(prove’ (recommend?x) ) 


(q-1) (recommend?x) 

(q-2) (SETVALUE ?topdx! (bestdx 1)) 
(r-2) (SET VALUE endometriosis (bestdx 2)) 
(q-2) (GETVALUE ?seconddx 1 (bestdx 2)) 
(r-2) (SETVALUE chronic-PID (bestdx 2)) 
(q-2) (dxvalue endometriosis ?topval 1) 
(r-2) (dxvalue endometriosis 46) 

(q-2) (dxvalue chronic-PID ?secondval 1) 
(r-2) (dxvalue chronic-PID 20) 

(q-2) (freqcode spread large ?spread 1) 
(r-2) (freqcode spread large 24) 

(q-2) (spreaddx 46 20 24) 

(r-2) (spreaddx 46 20 24) 
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Here the system 
employs the other 
main heuristic rule 
of the system. It 
tries to find the two 
diagnoses with the 
top scores. Since 
their scores differ 
by a substantial 
margin, the system 
does not recom- 
mend the proce- 
dure with the low- 
est cost, but instead 


recommends the 
procedure that will 
be definitive in af- 
firming the highest 
ranked diagnosis 
(or in ruling it out). 
To obtain histology 
of “serosal surface 
spots” requires lap- 
aroscopy. Thus the 
system can prefera 
higher cost proce- 
dure if the benefits 
(finding the an- 
swer) are great 
enough. 


(q-2) (dxneed endometriosis ?param 1) 
(r-2) (dxneed endometriosis s-s-spot-histology) 
(q-2) (finding s-s-spot-histology endometriosis definitive) 
(r-2) (finding s-s-spot-histology endometriosis definitive) 
(q-2) (procedure ?x s-s-spot-histology) 
(r-2) (procedure laparoscopy s-s-spot-histology) 
(q-2) (status procedure laparoscopy available) 
(r-2) (status procedure laparoscopy available) 
(r-1) (recommend laparoscopy) 
((recommend laparoscopy)) 


q 
%tD 
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Breech presentation after cesarean section: Always a section? 


Ella Ophir, MD, Moshe Oettinger, MD, Arie Yagoda, MD, Yacov Markovits, MD, Nathan 


Rojansky, MD, and Harry Shapiro, MD 
Nahariya, Israel 


A retrospective review of 71 breech deliveries after previous cesarean was done to determine the need for 
repeat cesarean section. Twenty-four (33.8%) women were allocated to the elective repeat cesarean 
section group and forty-seven (66.2%) patients were allocated to a trial of labor group. Thirty-seven 
(78.7%) were delivered of their infants vaginally. A total of 37 of the 71 women (52.1%) had successful 
vaginal deliveries. Neonatal morbidity did not differ for women who were delivered vaginally or by 
cesarean section. Maternal febrile morbidity was significantly higher in the cesarean section group than in 
the vaginal delivery group (p < 0.001). On the basis of these data, a trial of labor seems reasonable in 
carefully selected cases of breech presentation after a previous cesarean section. (AM J OBSTET GYNECOL 


1989;161:25-8.) 


Key words: Breech presentation, previous cesarean section, trial of labor 


The optimal mode of delivery for a breech pregnancy 
has remained a subject of controversy. The first 
prospective report in 1978 concluded that it seems 
reasonable to allow vaginal delivery in carefully se- 
lected cases of term frank breech presentations.' Many 
other investigators have contributed to the overall im- 
provement in outcome in breech labor and delivery.“ 
The summation of these principles into a single pro- 
tocol has resulted in a modern approach to the breech 
fetus. 

For patients who arrive in labor with a breech pre- 
sentation and have a scarred uterus from a previous 
cesarean section, the consensus is that the patient 
should have a repeat cesarean section.’ However, this 
point of view is not supported by an abundance of data 
and may change in the future. The purpose of our 


report is to present our experience in allowing women 


with breech presentation after previous cesarean sec- 
tion a trial of labor. 


Material and methods 


During the 11-year inclusive period between 1977 
and 1987, there were 43,396 deliveries; 78 deliveries 
were with singleton breech presentation after previous 
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cesarean section in 32 to 42 weeks of pregnancy. It has 
been our policy since 1977 to offer a trial of labor to 
all women with one previous cesarean section and 
breech presentation in the current pregnancy unless 
there was a medical or obstetric complication that con- 
traindicated labor. Inclusion criteria for a trial of labor 
included: singleton pregnancy, frank and nonfrank 
breech presentation, and estimated fetal weight be- 
tween 1500 and 3800 gm. 

Exclusion criteria included previous classical cesar- 
ean section, more than one previous cesarean section, 
inadequate pelvic dimensions on x-ray pelvimetry and 
clinical examination, and hyperextension of the fetal 
head grade III or IV, diagnosed by abdominal x-ray 
films. We use x-ray pelvimetry routinely in the secun- 
digravid patient (first labor after cesarean), but only 
selectively in parous patients. Fetal weight estima- 
tion was performed by clinical and ultrasonographic 
methods,” i 

All material and neonatal charts were retrospectively 
reviewed. To focus on the impact of mode of delivery, 
antepartum deaths, infants weighing <1500 gm, and 
infants with congenital anomalies incompatible with life 
were excluded. Of the 78 patients with breech presen- 
tation and a prior cesarean section, seven patients were 
excluded for this reason. The total number of patients 
studied were categorized into three study groups (1, 2, 
3), based on the patients mode of delivery by protocol 
selection and on the actual route of delivery. Statistical 
analysis was by x? analysis. A p value of <0.05 was 
considered significant, 
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Table I. Indications for elective cesarean 
section (group 1) 


Indications No. of patients 











Contracted and borderline pelvis by 6 
x-ray pelvimetry and clinical exam- 
ination 
More than one previous cesarean 5 
section 
Estimated fetal weight >3800 gm ` 9 
Hyperextension of fetal head, grades 1 
HI and IV 
Severe preeclamptic toxemia, placenta 3 
previa, and antepartum hemorrhage 
Total 24 
Results 


From January 1977 to December 1987, 71 women 
with previous cesarean section and singleton breech 
presentation in labor were studied. Twenty-four 
(33.8%) women were allocated to the elective repeat 
cesarean section group (group 1) and 47 (66.2%) to the 
trial of labor (group 2). Of the 47 patients allocated to 
the trial of labor group, 37 (78.7%) were delivered vag- 
inally and 10 (21.3%) required repeat cesarean section 
(group 3). 

Group 1: Elective repeat cesarean section. Of the 
24 women allocated to the elective cesarean section 
group, all were delivered according to protocol. Indi- 
cations for elective cesarean section are summarized in 
Table I. There were 18 multigravid patients and six 
secundigravid women (first pregnancy after cesarean 
section). All women allocated to the abdominal delivery 
group underwent a transverse lower-segment cesarean 
section. Anesthesia for these patients consisted of gen- 
eral anesthesia in 21 cases (87.5%) (for technical reasons 
of anesthesiologists) and a lumbar epidural anesthesia 
in 3 cases (12.5%). 

Immediate neonatal outcome for each group was de- 
termined by the 1- and 5-minute Apgar scores, birth 
trauma, neonatal mortality, and morbidity. There were 
no neonatal deaths in this group. All 24 women re- 
ceived some systemic antibiotics during the postoper- 
ative course. However, 10 patients had febrile morbid- 
ity. Five cases of morbidity were attributed to endo- 
metritis, and three were caused by a urinary tract 
infection. One patient had deep vein thrombosis of the 
leg and one had a midline wound infection. Factors 
relating to maternal outcome are listed in Table II. 

Group 2: Trial of labor, vaginally delivered. Of the 
71 study-patients, 47 (66.2%) were selected to undergo 
a trial of labor. Thirty-seven (78.7%) of those patients, 
were delivered vaginally. There were 23 secundigravid 
(62.2%) and 14 (37.8%) multigravid patients. Intrave- 
nous or intramuscular analgesic (narcotic) was admin- 
istered to all women. Pudendal block anesthesia was 
used in six of the vaginal breech deliveries. 


Vaginal hematoma 


July 1989 
Am J Obstet Gynecol 


Table II. Maternal outcome bv group 


1 2 
{m = 24) | (n = 37) | (n = 10) 


Hospital days (mean) 8.2 3.6 9.6 
Febrile morbidity (urinary 10 2 2 
tract infection, endome- 
tritis, wound infection, 
deep venous throm- 
bosis) 
Anemia requiring blood 3 1 l 
transfusion 
Dehiscence 2 
Cesarean hysterectomy 0 
0 








Total maternal morbidity* 15 





*p < 0.001, x? = 21.08, df = 2. 


Five of the patients required breast stimulation with 
an Egnell breast pump. None of the patients in this 
study required oxytocin stimulation. Before 1987 we 
did not use oxytocin stimulatior. after cesarean section. 
Now we administer oxytocin to patients who are un- 
dergoing a trial of labor when indicated for obstetric 
reasons. 

One patient had induction of labor because of pre- 
mature rupture of the membranes. Two women re- 
ceived augmentation of labor for a prolonged latent 
phase of labor, and two received augmentation of labor 
for protracted cervical dilatation in the active phase of 
labor. Fetal heart rate monitoring and uterine contrac- 
tion monitoring were used on a continuous basis in all 
labors. No patterns of the fetal heart rate were judged 
severe enough to warrant cesarean section for fetal 
distress. 

Delivery was by assisted breech delivery with Piper 
forceps for the aftercoming head (35 patients) and as- 
sisted breech delivery with marual maneuvers (2 pa- 
tients). Two of the 37 vaginal deliveries were compli- 
cated by the occurrence of a nuchal arm. In one case 


the infant sustained mild brachial plexus injury. The 


infant’s right upper-extremity functions improved by 
the time he was discharged on the fourth postpartum 
day. At 1 month of age, only mild right shoulder muscle 
weakness was present. This weakness was not apparent 
on reexamination at 6 and 12 months of age. Neonatal 
outcome for all infants is listed in Table HI. 

Immediate postpartum intrauterine examination was 
routinely done to determine uterine dehiscence in this 
group. There was a uterine rupture in one grandmul- 
tipara. 

Case report. A 37-year-old woman, para 10, pre- 
sented in labor at 38 weeks by last menstrual period 
with frank breech at — 1 station and cervical dilatation 
of 3 cm. 
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The previous cesarean section for fetal distress was 
performed in her second pregnancy. She had eight 
normal deliveries after the cesarean section. Sponta- 
neous labor progressed normally with a normal fetal 
heart rate tracing. The patient had an uneventful trial 
of labor and was. delivered with assisted breech and 
forceps for the aftercoming head of a 2980 gim infant 
with Apgar scores of 7 and 9 at 1 and 5 minutes, re- 
spectively. Because of the previous cesarean section, 
postpartum intrauteririe examination was done. A low 
transverse uterine rupture was found. Because of per- 
sistent postpartum bleeding, an exploratory laparot- 
omy was performed. The woman also desired steriliza- 
tion. During the laparotomy a low transverse uterine 
rupture extending to the round ligament was found. 
A hysterectomy was necessary: for hemorrhage. The 
patient had an uncomplicated postoperative course. 


Maternal outcome of this group is given in Table II. 

Group 3: Cesarean section after trial of labor. Ten 
patients (10 of 47, 21.3%), six secundigravid and four 
multigravid women, réquired cesarean section after 
being selected for trial of labor. There were two patients 
delivered by cesarean section because of fetal distress. 

Failed augmentation and induction of labor ac- 
counted for the majority of trial of labor “failures” in 
this group. Three patients (1 multigravid and 2 secun- 
digravid) received breast stimulation for a prolonged 
latent and active phase of labor. Three secundigravid 
and one multigravid patient received nipple stimulation 
for induction of labor (premature rupture of mem- 
branes (three cases) and postdated pregnancy (one 
case). All of these women failed to progress satisfac- 
torily in labor and were delivered by cesarean section. 

Cord prolapse occurred in the first stage of labor in 
one patient with footling presentation. The diagnosis 
was made clinically and the woman underwent a će- 
sarean section. Her infant did well. 

Maternal and neonatal outcome of group 3 is given 
in Tables H and III. Overall, 66.2% of study patients 
undergoing trial of labor (47 of 71) had a successful 
trial of labor (78.7%, 37 of 47) and vaginal delivery 
(52.1%, 37 of 71). 

There were 10 patients among the study groups with 
nonfrank breech presentation. All except tw6 were de- 
livered successfully by vaginal delivery. Among the neo- 
natal outcome (p measures) statistical significance was 
fiot reached in any category. 

The duration of hospitalization was longer in the 
cesarean section group, but tHese data were influenced 
by the hospitalization of the mothers after abdominal 
delivery. 

Mothers and infants are usually discharged 3 to 4 
days after vaginal delivery and 7 to 8 days after cesarean 
section. Maternal morbidity was significantly less in pa- 
tients who had a vaginal, delivery cornpared with pa- 
tients undergoing cesarean delivery (p< 0.001). Four 
mothers in the cesarean section group received blood 
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Table III. Neonatal outcome by study group 











Study group 
be 2 3 
(n = 37) 
Birth weight (gm) 3520 3210 3325 
(mean) 
Apgar score at 1 min* 
1-4 0 0 l 
5-7 3 5 1 
8-10 21 32 8 
Apgar score at 5 min} : 
1-4 Q 0 0 
5-7 1 l l 
8-10. 23 36 9 
Neonatal morbidity 7 7 l 
(hypoglycemia, hy- 
perbilirubinemia, 


mild respiratory 
distress sytidrome, 
brachial plexus 
injury) 





40.5 >p>0.1; X? = 7.51, df = 4. 
40.5 > p > 0.1; xX? = 1.044, df = 4 
40.5 > p> 0.1; X? = 1.65, df = 2. 


transfusions. One woman in the vaginal delivery group 
required a blood transfusion. 

Comment 

Review of the literature from the British Common- 
wealth and United States shows that one third to two 
thirds of patients with a previous cesarean section will 
progress to a successful and safe vaginal delivery if 
properly selected and allowed a trial of labor.*"' Sixty- 
one (85.9%) of the 71 cases in our study were delivered 
according to protocol; 78.7% (37 of 47 patients) had a 
successful trial of labor. 

During the study period 1504 women had a history 
of one or more cesarean sections ahd singleton vertex 
preséntations in current pregnancies. The total number 
of patients with one prior cesarean section was 1260; 
244 patients had two or more prior cesarean deliveries. 
Of the 1504 patients, 372 (24.8%) were selected to un- 
dergo a repeat cesarean section, and 1132 (75.2%) were 
allowed a trial of labor: Overall, 893 patients (78.88%) 
from the trial-of-labor group had a successful trial of 
labor and 239 patients (21.12%) failed the trial of labor 
and underwent cesarean section. The total vaginal de- 
livery rate was 59.37% (893 of 1504). 

The breech presentation and presence of uterine scar 
do not appear to significantly influence the likelihood 
of a successful trial of labor. 

There were 10 patients in this study group with non- 
frank breech presentations. The case of cord prolapse 
occurred in the first stage of labor and the fetus was 
delivered by cesarean section and did well. Many in- 
vestigators report that nonfrank breech presentation is 
associated with a significantly higher incidence of cord 
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prolapse.'*! The incidence of cord prolapse may be as 
high as 10%. However, cord prolapse does not occur 
in 90% of these cases; when it doés occur, it is usually 
associated with a good | fetal outcome. Cord prolapse in 
the nonfrank breech presentation, although an indi- 
cation for cesarean delivery, usually does not have as 
severe an outcome as in vertex or- frank breecli pre- 
sentations. ‘Because the cord is prolapsed between the 
fetal legs, it often i is not markedly compressed during 
subsequent contractions.’ Two studies have failed to 
demonstrate. iny difference in outcome in frank and 
nonfrank breech deliveries.* “ 

Results of our study suggest that the neonatal out- 
come was noi significantly influenced by the mode of 
delivery. As indicated in other reports, neonatal i injury 
after delivery from breech presentation (comparison 
between cesarean section and carefully performed as- 
sisted breech vaginal delivery) is similar. There were 
ho maternal or perinatal deaths in any of the 47 trials 
of labor. The incidence of maternal morbidity after 
cesarean section compared with that after vaginal de- 
livery was high. 

The overall febrile morbidity im the group under- 
going a trial of labor, including failures, was lower 
than in the group having cesarean section delivery. 
The apparent dehiscence incidence was higher at 
cesarean section than after vaginal delivery. This is 
probably elated to the accuracy of diagnosis after a 
vaginal. delivery compared with the direct visualization 
at laparotomy. 

The major complication of uterine rupture in the 
case presentation may have been related to grand mul- 
tiparity, but the association with previous cesarean sec- 
tion, grand multiparity, and breech presentation cannot 
be ignored. 

Despite modern operative techniques and systemic 


antibiotic regimens, women undergoing cesarean sec- 


tion experience intraoperative complications, blood 
loss, and infections at a higher rate than those associ- 
ated with vaginal delivery. Maternal risks of morbidity 
multiply when the potential anesthetic and operative 
complications encountered. in subsequent abdominal 
deliveries aré considered: The favorable outcome of 
the neonate who is delivered vaginally, and the estab- 
lished maternal risks associated with cesarean section 
support the concept that in selected breech presenta- 
tions pregnancies after a previous cesarean section, a 


vaginal delivery can be performed without increased 


risk to either mother or infant. 

There is no apparent advantage of cesarean section 
for the neonate. The experience of Green et al.” in the 
Montreal study clearly demonstrates that the increase 
in cesarean section rate did not affect breech outcome. 
Cesarean sections are _ performed to protect the mother 
or the fetus. Elective repeat cesarean section frequently 


does not achieve either goal.'® 
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In summary, a selectivé protocol for management of 
breech presentation after previous cesarean section 
seems acceptably safe. A trial of labor decreases the 
total number of cesarean births. It appears that if there 
is risk associated with allowing a trial of labor, it is small 
or less than that associated with repeat cesarean section. 
Consideration of these principles may aid both the cli- 
nician and the patient when déciding to allow a trial of 
labor in the management of breech presentation after 
previous cesarean section. 
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Vaginal birth after cesarean opuvely in the twin gestation 


Thomas H. Strong, Jr., MD, Jeffrey P. Phelan, MD, Myong Ock Ahn, MD, MPH, and 


Albert P. Sarno, Jr. MD, Maj., USA 
Los Angeles, Cali ornia 


The pregnancy outcomes of 56 women with a twin gestation and a prior cesarean birth were analyzed to 
determine whether 4 trial of labor was a reasonable consideration. Of thése patients, 31 (55%) underwent 
an elective repeat cesarean delivery and 25 (45%) attempted vaginal delivery. Of those who attempted 
vaginal delivery, 18 (72%) were vaginally delivered of both- infants. The dehiscence rate among women 
with twin pregnancies who attempted a trial of labor was 4%, compared with 2% in women with singleton 
pregnancies. There were no significant differences in ‘maternal or neonatal morbidity or mortality rates in 
trial of labor versus no trial of labor groups. We conclude in this limited population that a trial of labor in a 
twin gestation, after: a previous cesarean delivery’ appears to be a reasonable consideration. The usual 
safeguards for attempted, vaginal delivery i in the twin gestation should be followed. aM J OBSTET GYNECOL 


1989;161 :29-32.) 
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Vaginal birth after cesarean delivery is considered an 
acceptable alternative to routine elective repeat cesar- 
ean delivery. ! In some cases, vaginal birth after cesarean 
delivery may represent the safest delivery method for 
the pregnant woman and her fetus. Initially a choice 
available to those patients who satisfied limited entry 
criteria such as a singleton pregnancy with a vertex 
presentation and one prior low-transverse uterine scar, 
studies suggest that favorable maternal and neonatal 
outcomes can be expected for many women who do 
not satisfy these criteria.™ ° 

Inherent in cesarean birth are increased maternal 
morbidity and mortality rates and greater expense for 
the patient with a cesarean delivery.’ Some authors have 
attempted to broaden the acceptance criteria for vag- 
inal birth after cesarean delivery (multiple prior cesar- 
ean deliveries, unknown uterine scar, and breech pre- 
sentation), but no study has focused on vaginal birth 
after cesarean delivery as an alternative for women with 
a prior cesarean delivery and a twin gestation, ! Twins, 
which occur in approximately, 1% of all pregnancies,‘ 
represent a small but significant group of patients who 
might be considered candidates for a trial of labor after 
a prior cesarean delivery. But vaginal birth after cesar- 
ean delivery in twin gestations has been rarely de- 
scribed.>® A review of the literature disclosed only 23 
cases of a trial of labor after a prior cesarean delivery 
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and all achieved a vaginal delivery.>* Therefore, the 
purpose of this study is to present detailed information 
on the pregnancy outcomes of 56 women with a prior 
cesarean delivery and a twin gestation. 


Material and methods 


The records of all gravid women with at least one 
prior cesarean birth who were seen at the Labor and 
Delivery Suite of the University of Southern California 
School of Medicine from July 1, 1982, to June 30, 1986, 
were reviewed. A trial of labor was considered in those 
women with a twin gestation and a prior cesarean de- 
livery. Trial of labor was not considered if immediate 
operative intervention was needed or if a malpresen- 
tation was diagnosed i in twin A. All other women were 
offered a trial of Jabor. A variety of maternal and fetal 
outcome variables were collected and data were ana- 
lyzed by the Fischer exact test. Comparisons were made 
between the trial of labor and nontrial of labor groups. 


Results- 


A total of 6250 gravid women with a prior cesarean 
delivery were delivered of infants during the study pe- 
riod. Of these, 62 (1%) had a twin gestation. Fifty-six 
of these patients had sufficient neo mecen available 
for review and analysis, 

Among the 31 patients (55%) who did not undergo 
a trial ‘of labor, a repeat cesarean delivery was under- 
taken. The indications for the repeat cesarean delivery 
in the group without a trial of labor were: elective, 14 
(45%); malpresentation (twin A), 11 (35%); pregnancy- 
induced hypertension, 3 (10%); and other, 3 (10%). Of 
the 25 (45%) who attempted a vaginal delivery, 18 
(72%) were delivered of both infants vaginally (Table 
I). A repeat cesarean delivery was undertaken in seven 
patients (28%) because of the following indications: 
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Table I. Outcome of delivery 
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` Twin gestation 


n= 56 





| 
Trial of labor 
n= 25 


2 Cesarean sections 
Twin B (8%) (72%) 


5 Cesarean sections 


(20%) 








18 Vaginal deliveries 


No trial of labor 
n= 3) 


31 Cesarean sections 
(100%) 





malpresentation of twin A diagnosed in the active phase 
of labor, 4 (57%); fetal distress in twin B, 2 (29%); and 
failure to progress, 1 (14%). Of those who attempted 
a vaginal delivery, the number of prior cesarean deliv- 
eries was one (21, 84%) and two (4, 16%). There were 
18 patients (64%) who had an unknown scar. Seven 
patients (28%) received oxytocin for induction or aug- 
mentation of labor, with a dose range of 3.0 to 22.8 
mU/minute and a mean of 5.7 mU/minute. Of these, 
six (86%) were vaginally delivered. 

The indicazions for the primary cesarean deliveries 
of the 25 women with twin gestations who attempted 
vaginal delivery are illustrated in Table II. Unlike sin- 
gleton pregnancies, successful vaginal delivery rates 
appeared to be unrelated to the 1 reason for the primary 
cesarean delivery. ` 

The mean birth weight and estimated gestational age 
among the group with repeat cesarean delivery were 
36.2 weeks and 2488 gm, respectively. Likewise, among 
the group wich trial of labor mean birth weight and 
estimated gestational age were 33.1 weeks and 2283 
gm, respectively. The mean birth weight of the trial of 
labor “A” twins was 2309 gm versus 2281 gm for the 
trial of labor “B” twins. Among the B twins in the group 
with trial of labor, eight were nonvertex presentations. 
Two of eight (25%) were delivered by complete breech 
extraction. 

After delivery, the uterus was examined for evidence 
of rupture or dehiscence. One patient was noted to have 
a single 4cm transverse dehiscence in the lower uterine 
segment after a vaginal delivery of a vertex-breech set 
of twins. The rupture or dehiscence rate of the 25 
women with twin gestations who attempted a trial of 
labor was 4% (1 of 25) as compared with a rate of 2% 
for the singleton vaginal birth after cesarean delivery 
patients who were delivered of infants during the same 
study period. i 

‘There were six neonatal deaths among the women 
who underwent trial of labor. All were attributable to 
extreme prematurity. The mean gestational age of this 
group was 22.3 weeks (range, 21 to 24 weeks). Among 
the oes deaths, no anomalies were noted. One 





hysterectomy was performed secondary to placenta ac- 
creta and occurred during a repeat cesarean delivery 
(Table III). There were no significant differences in 
maternal or neonatal morbidity and mortality rates in 
any comparison of trial of labor versus no trial of labor. 


Comment 


Previous investigators have routinely excluded 
women with a prior cesarean delivery and a twin ges- 
tation from a trial of labor. A concern expressed by 
Kaltreider and Krone’ was that uterine overdistention, 
which can occur in twin gestations, would increase the 
risk of uterine rupture. However, a review of 23 sets 
of twins delivered vaginally during the early 1960s 
failed to ‘demonstrate such an occurrence.** More- 
over, neither Pedowitz and Schwartz" nor Phelan and 
associates! were able to substantiate a relationship be- 
tween uterine overdistension and uterine rupture. 

In a 30-year review of the English language litera- 
ture, two thirds of singleton candidates for vaginal birth 
after cesarean delivery who were allowed a trial of labor 
were delivered of infants vaginally, with a 0.7% rupture 
rate” In the current study, 72% of women with a twin 
gestation and prior cesarean delivery who were given 
a trial of labor were vaginally delivered of both infants, 
with a dehiscence rate of 4% and no uterine rupture. 
This compares favorably with the success and dehis- 
cence rates at our institution of singleton pregnancies 
with a prior cesarean delivery over the same study pe- 
riod (80% and 2%, respectively). It is noteworthy that 
the vaginal delivery rate of the prior cesarean delivery 
patients with a twin gestation who were delivered of at 
least one twin vaginally also was 80%. The reason for 
the single dehiscence in our study group could be re- 
lated to the combination of multiple prior cesarean de- 
liveries, oxytocin augmentation, midforceps rotation of 
twin A, and Piper forceps placement of twin B. How- 
ever, this seems unlikely in light of the recent evidence 
of Ahn and associates’? and the data of Horenstein 
etal 

Paul and associates" suggest that “the indication for 
a prior cesarean delivery bears little influence as it re- 
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Table II. Previous indications for cesarean 
sections and subsequent trial of labor outcome 


(n = 25) 





Vaginal birth after cesarean delivery 31 


Table III. Pregnancy outcome for twin 
gestations in women with a prior 
cesarean delivery 





Vaginal 
deliveries 







Prior indication Number 


Arrest of labor 9 8 89 
Malpresentation 6° 6 100 
Macrosomia 2 1 50 
Twins 2 1 50 
Distress 1 0 0 
Other 5 2 40 





lates to the success of achieving a vaginal delivery in a 
current pregnancy.” With this principle in mind, all 
women without an obstetric or medical contraindication 
to labor during the study period were offered a trial 
of labor. Unlike patients with one prior cesarean deliv- 
ery, the vaginal delivery rate, however, was not similarly 
affected by the prior indication for cesarean delivery 
(Table II) or the use of oxytocin. The relatively high 
success rate of twins being delivered vaginally after a 
previous cesarean delivery because of arrested labor is 
probably a result of the smaller size of the twin fetus 
as compared with the term singleton. 

Other authors suggest that a trial of labor in women 
with multiple prior cesarean deliveries’ or an un- 
known scar type’? is reasonable and not associated with 
an increased risk of morbidity or mortality. In accor- 
dance with these findings, patients with twin gestations 
were also permitted a trial of labor. This practice was 
not associated with an increased risk of maternal or 
fetal morbidity or mortality. 

Neonatal mortality among the entire group with twin 
gestation and prior cesarean delivery was 8%. This 
compares favorably with the reported frequency of 
twin neonatal mortality rates. In that report, it was 
noted that as the gestational age increased, neonatal 
mortality decreased. This is in keeping with our find- 
ings in which all neonatal deaths were secondary to 
extreme prematurity. 

As experience increases with patients with vaginal 
birth after cesarean delivery, a greater number of the 
patients with a twin gestation will desire a trial of labor. 
If a trial of labor is considered in these patients, con- 
tinuous electronic fetal monitoring of both twins would 
appear prudent. Candidates for attempted vaginal de- 
livery should be limited to those pregnancies in which 
twin A is in a vertex presentation. After the delivery 
of twin A, real-time ultrasonography should be used to 
evaluate the lie, presentation, and heart rate of twin B. 
A concern among practitioners who manage patients 
with prior cesarean deliveries involves the risks of intra- 









No trial of 
labor (%) 


Neonatal outcome 


Number 50 62 

Mean estimated gestational 33.1 36.2 
age 

Meconium 3 (6) 

Apgar <7 (1-minute) 6 (12) 10 (16) 

Apgar <7 (5-minute) 3 (6) 4 (6.5) 

Mean birth weight 2283 2488 
<1000 gm 7 (14) 3 (5) 
1001-2499 gm 20 (40) 22 (35) 
22500 gm 23 (46) 37 (60) 

Birth trauma 0 0 

Neonatal death 6 (12) 3 (5) 

Maternal outcome 

Number 25 31 

Hemorrhage 5 (20) 10 (32) 

Dehiscence 1 (4) 0 (0) 

Hysterectomy 0 (0) 1 (3)* 


*Performed because of placenta accreta. 


or extrauterine manipulations. Whereas the number of 
such manipulations performed in our population was 
too small to clarify this issue, information from this 
report and others’* ” suggest that version is not an 
unreasonable consideration. Therefore, if twin B is a 
malpresentation, exernal cephalic version, internal po- 
dalic version, or outright cesarean delivery would ap- 
pear to be acceptable management alternatives.” Ce- 
sarean delivery of twin B should be reserved for those 
circumstances in which fetal distress is present and vag- 
inal delivery cannot be safely accomplished within a 
reasonable time. 

In summary, the present series corroborates the work 
of others®** in that vaginal birth after delivery in the 
twin gestation is not associated with an increased risk 
of perinatal or maternal morbidity and mortality. 
Though a trial of labor in the twin gravid woman with 
a prior cesarean delivery remains controversial, our 
contemporary experience suggests that it is a reason- 
able consideration in the properly selected patient. If 
attempted vaginal delivery is undertaken, the usual 
safeguards for a trial of labor in a twin gestation should 
be followed. 
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Pharmacokinetics of orally administered ritodrine 


Steven N. Caritis, MD, Raman Venkataramanan, PhD, Margaret Cotroneo, RN, and 


Jye-Ping Chiao, MS 
Pittsburgh, Pennsylvania 


The oral dosing regimen for ritodrine was based in large part on kinetic data obtained in nonpregnant 
subjects. There are limited kinetic data after oral administration of ritodrine in pregnancy. The purpose of 
the present study was to compare ritodrine kinetics in pregnant and nonpregnant women, evaluate the 
effect of feeding on ritodrine absorption in pregnant women, and determine if the plasma concentration of 
ritodrine is proportional to the dose administered in nonpregnant women. Plasma concentrations after a 
single 20 mg dose of ritodrine were significantly greater in fasting nonpregnant women than in fasting 
pregnant women. The area under the concentration time curve was 1372 + 385 and 1001 + 257 
ng/mi/min, respectively. In pregnant women ingesting 20 mg of ritodrine, plasma concentrations were not 
significantly different in the fed or fasted state; plasma concentrations peaked at 11 ng/ml and were less 
than 3 ng/ml within 4 hours. In nonpregnant subjects the concentration of ritodrine in plasma was 
proportional to the dose. After ingestion of 10, 20, or 30 mg of ritodrine, the area under the curve was 
751 + 253, 1372 + 385, and 2148 + 571 ng/ml/min, respectively. These data indicate that ritodrine 
concentrations in pregnant women after a 20 mg oral dose are low. Increases in dosage will probably 
result in proportional increases in plasma concentration. The maximal dose of ritodrine recommended for 
prevention of recurrent preterm labor should be increased. (Am J Oaster Gynecot 1989;161:32-5.) 


Key words: Ritodrine, kinetics, oral dosage, pregnancy 


Ritodrine was approved for the treatment of preterm 
labor in 1980. Regimens for both intravenous and oral 
administration were in large part developed from ki- 
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netic studies in nonpregnant women and male volun- 
teers. Pregnancy is characterized by changes in plasma 
volume, plasma protein concentration, renal blood 
flow, intestinal transit time, and a multitude of other 
factors that can affect ritodrine absorption, distribu- 
tion, or elimination." ? The highest dose of oral rito- 
drine recommended for continuing therapy of preterm 
labor is 120 mg/day, but this recommendation is not 
based on kinetic studies in pregnant women. Smit 
et al? and Van Lierde et al.‘ have suggested that the 
plasma concentrations achieved with this dosage of rito- 
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Table I. Comparison of ritodrine 
pharmacokinetics in pregnant and 


“nonpregnant subjects 
Nona 


AUC (ng/ml/min) 1001 + 257 1372 + 385* 
Concentration (ng/ml) 
At peak 10.8 + 5.6 13.4 + 5.2 
At 4 hr 2.1 + 0.5 2.3 + 0.8 
Time to peak (min) 58 + 38 30 + 14* 


AUC, Area under the curve. 


*Asterisk indicates value differs significantly from that of 
pregnant subjects. 


drine are unlikely to sustain labor inhibition. Indeed, 
we have shown that 120 mg/day of ritodrine is signif- 
icantly less effective than 30 mg/day of terbutaline in 
preventing recurrence of preterm labor.’ It is unclear 
if adequate ritodrine concentrations could be obtained 
with the present formulation merely by increasing the 
oral dosage above 120 mg/day. Also, it is unclear if 
ritodrine absorption could be enhanced in pregnancy 
by administering the drug before meals. The purpose 
of the present study was threefold: (1) to define the 
kinetics of orally administered ritodrine in pregnant 
and nonpregnant subjects, (2) to evaluate the effect of 
feeding on ritodrine absorption in pregnant women, 
and (3) to determine if plasma concentration increased 
proportionally with an increase in the dose of ritodrine. 


Material and methods 


After approval by the Research Review and Human 
Experimentation Committee of Magee-Womens Hos- 
pital, we obtained informed consent from 10 nonpreg- 
nant and 10 pregnant nonlaboring women for partic- 
ipation in this study. Excluded from the study were 
women with a contraindication to B-agonist medication 
and women receiving theophylline or other tocolytic 
therapy. 

Pregnant women at gestational ages of 20 to 34 weeks 
received 20 mg of ritodrine orally on different days, 
once after an overnight fast, and once 60 minutes after 
eating a standardized breakfast. Breakfast consisted of 
one soft boiled egg, one slice of toast, one 4-ounce cup 
of juice, and one 8-ounce glass of nonfat milk. Fasting 
nonpregnant women received either 10, 20, or 30 mg 
of ritodrine orally in random order on different days. 
In all women at least 48 hours elapsed between each 
study. On the day of study, women did not ingest caf- 
feine. Blood (7 ml) was removed from an indwelling 
cannula (heparin lock) before and at 11 times in the 6 
hours after drug ingestion (10, 20, 30, 45, 60, 90, 120, 
180, 240, 300, and 360 minutes). Blood was collected 
in heparinized syringes and immediately centrifuged 
at 2000 rpm. The supernatant plasma was frozen at 
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Table II. Effect of feeding on the 
pharmacokinetics of ritodrine in 
pregnant subjects 


Fed Fasted 
AUC (ng/ml/min) 847 + 280 1001 + 257 
Concentration (ng/ml) 
At peak 8.3 + 5.6 10.8 + 5.6 
At 4 hr 1.7 + 0.9 2.1 + 0.6 
Time to peak (min) 78 + 45 58 + 38 
Half-life (min) 166 + 115 149 + 76 





AUC, Area under the curve. 


~ 20° C until analyzed for ritodrine concentration by 
high-performance liquid chromatography with electro- 
chemical detection. The area under the plasma con- 
centration versus time curve from time 0 to the last 
measured point was calculated by the , trapezoidal 
method.’ Terminal disposition rate constant and dis- 
position half life were calculated according to standard 
techniques.’ 

Differences in pharmacokinetic parameters were 
compared by paired or nonpaired ¢ test or by repeated 
measures analysis of variance where appropriate.* Data 
are expressed as mean + SD. 


Results 


The pharmacokinetics of ritodrine in 10 pregnant 
and 10 nonpregnant subjects are compared in Table I. 
All subjects received 20 mg of ritodrine while fasting. 
The area under the curve was significantly greater in 
nonpregnant women. Peak plasma concentrations were 
also greater in nonpregnant subjects but not signifi- 
cantly so. Four hours after ritodrine ingestion, ritodrine 
concentration was 3 ng/ml or less in all subjects. The 
time to peak concentration was significantly shorter in 
nonpregnant subjects. 

The effect of feeding on ritodrine pharmacokinetics 
in pregnant women is summarized in Table II. All 10 
subjects received 20 mg of ritodrine once in the fed and 
once in the fasted states. The area under the concen- 
tration time curve, and the peak plasma concentrations 
were greater and the absorption was more rapid during 
fasting than after eating. However, none of these vari- 
ables was significantly different in the fed or fasted 
state. Four hours after ingestion of ritodrine, plasma 
concentrations were 3 ng/ml or less in all subjects. The 
elimination half-life was not altered by fasting. 

Table III describes the relationship between rito- 
drine dosage and plasma concentration in 10 non- 
pregnant subjects. The area under the curve and peak 
plasma concentration increased proportionally to the 
dose. The ritodrine concentration was also propor- 
tional to the dose administered 4 hours after ingestion. 
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Table III. Relationship between ritodrine dosage and plasma concentration in nonpregnant subjects 





10 mg 
AUC (ng/ml/min) 751 + 253 
Concentration (ng/ml) 
At peak 6.6 + 2.9 
At 4 hr 1.3 + 0.9 
Time to peak (min) 29 + 13 


AUC, Area under the curve. 


The time to achieve peak concentrations did not differ 
significantly in the three groups. 


Comment 


We have demonstrated significant differences be- 
tween pregnant and nonpregnant subjects in the ki- 
netics of orally administered ritodrine. After oral inges- 
tion, ritodrine plasma concentrations were lower in 
pregnant women as was the area under the concentra- 
tion time curve. Pregnant women absorbed ritodrine 
significantly slower than nonpregnant women. Lower 
plasma concentrations in pregnant women may be the 
result of poorer absorption, greater elimination, or dis- 
tribution into a greater volume than in nonpregnant 
subjects. From the present study we cannot determine 
which of these factor(s) is responsible for the differ- 
ences in pregnant and nonpregnant subjects. 

Ritodrine absorption was not enhanced to any sig- 
nificant degree by the presence of food. In fasting 
pregnant women, peak plasma concentration after a 20 
mg dose averaged only 11 ng/ml (range, 4 to 21 
ng/ml). The concentration decreased rapidly and av- 
eraged approximately 2 ng/ml 4 hours after ingestion 
of the drug. With repeated doses of ritodrine, the peak 
concentration will increase somewhat as will the con- 
centration at 4 hours. In the study of Smit et al.,* plasma 
concentrations in pregnant women receiving ritodrine 
for at least 3 days averaged 19 ng/ml at peak (range, 
10 to 31 ng/ml) and 7 ng/ml 4 hours after ingestion 
(range, 5 to 10 ng/ml}. 

We performed dose proportionality studies in non- 
pregnant rather than pregnant subjects for ethical rea- 
sons. We did not wish to subject pregnant women to 
three different studies in which blood was withdrawn, 
and we were concerned that the 30 mg dose might cause 
side effects. We demonstrated proportionality between 
ritodrine dosage and plasma concentration in non- 
pregnant subjects. Linear pharmacokinetics of rito- 
drine have been demonstrated in pregnant and non- 
pregnant subjects receiving intravenous ritodrine over 
a very wide dose range.** We have assumed that pro- 
portionality between oral dosage and plasma concen- 
tration exists in pregnant women because factors such 
as plasma volume and clearance that alter ritodrine 
kinetics in pregnancy are unlikely to effect the rela- 


20 mg 30 mg 
1372 + 385 2148 + 571 
13.4 + 5.2 20.1 + 8.2 

2.3 40.8 34 +14 

30 + 14 50 + 38 


tionship between dose and plasma concentration. A re- 
lationship between oral dosage and plasma concentra- 
tion has been demonstrated for doses of 5 and 10 mg 
of ritodrine,‘ and there is no evidence that this rela- 
tionship should not exist with doses up to 30 mg. 

The lowest concentration of ritodrine achieved dur- 
ing intravenous therapy ranges from 15 to 31 ng/ml.° 
Concentrations of 80 ng/ml or more are commonly 
required to initially inhibit preterm labor.’ The con- 
centration of ritodrine required to sustain labor inhi- 
bition has not been established. However, it is clear that 
120 mg/day, that is, 20 mg orally every 4 hours, is 
insufficient to prevent recurrent preterm labor in a 
substantial percentage of patients.’ This clinical obser- 
vation, coupled with the large variability in plasma con- 
centrations between subjects in this study and in the 
study of Smit et al.,° suggest that higher ritodrine dos- 
ages can be used to prevent recurrent preterm labor. 
Not every patient may require a higher dosage, but 
those with poor absorption or rapid clearance of rito- 
drine will. The intravenous tocolytic dosage of ritodrine 
is established by incremental increases in the infusion 
rate until contractions are inhibited or side effects oc- 
cur. A similar approach appears to be reasonable for 
orally administered drug. A starting dose of 120 mg is 
unlikely to lead to side effects and will be effective in 
some women. If a response is not achieved, the dose 
can be increased accordingly. 

Higher oral doses of ritodrine will not address the 
problem of inconvenience caused by a dosing fre- 
quency of every 4 hours. Similar problems exist with 
terbutaline, which is also administered orally every 4 
hours.’ A more desirable formulation of ritodrine has 
recently been developed." This sustained release cap- 
sule can be administered every 8 hours and provides 
concentrations of 18 and 11 ng/ml 4 and 8 hours after 
ingestion of an 80 mg dose. This formulation is not yet 
available in this country. 

In summary, we have demonstrated that the plasma 
concentration of ritodrine after an oral dose of 20 mg 
is lower in pregnant than in nonpregnant women. The 
concentration of ritodrine in pregnant women ingest- 
ing a 20 mg dose is low. The maximal dosage of 120 
mg/day is unlikely to adequately sustain labor inhibi- 
tion in many women. 
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Neuromuscular blockade with magnesium sulfate 


and nifedipine 


Scott W. Snyder, MD, and Michael S. Cardwell, MD 


Columbia, Missouri 


A patient who received tocolysis with nifedipine developed neuromuscular blockade after 500 mg of 
magnesium sulfate was administered. This reaction demonstrates that nifedipine can seriously potentiate 
the toxicity of magnesium. Caution should be exercised when these two monies are combined, (Am J 


OBSTET GYNECOL 1989;161:35-6.) 


Key words; Nifediniie magnesiųm, drug interaction, neuromuscular blockade 


Nifedipine has been used as a tocolytic in the treat- 
ment of premature labor and has been compared fa- 
vorably to ritodrine.’ Because both magnesium sulfate 
and nifedipine are calcium channel blockers, some in- 
teraction might be expected as both are undoubtedly 
involved in the alteration of the movement of calcium 
across membranes in the myometrium. 

Recently a report appeared that described hypoten- 
sion in preeclamptic patients who received both agents: 
nifedipine for the treatment of pregnancy-induced hy- 
perténsion and magnesium sulfate as an anticorivul- 
sant. We report a patient who developed skeletal muscle 
neuromuscular blockade with a small dose of magne- 
sium sulfate after tocalysis with nifedipine. 


Case report l 
This 22-year-old patient, gravida 4, para 2, was seen 
with contractions and effacement of the cervix at 32 
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weeks’ gestation. The patient had one previous first- 
trimester loss and two previous premature births of an 
1872 gm infant and a 2152 gm infant who survive. The 
patient had had some contractions in the 2 weeks before 
admission but no descent of the presenting part or 
effacement of the cervix. 

On the night of admission, contractions had become 
regular and of 45 seconds’ duration. The cervix was 
50% effaced, a change from examination 4 days earlier. 
The patient was hydrated with 1000 ml lactated Ring- 
er’s solution without change in labor. Nifedipine was 
started and the patient received 60 mg orally over the 
next 3 hours. This resulted in a marked decrease in 
duration and frequency of contractions. A maintenance 
regimen of 20 mg every 8 hours was begun. Contrac- 
tions recurred 12 hours later. Because we thought a 
maximum maintenance’ dose of nifedipine was being 
administered, magnesium sulfate was chosen. After 
500 mg of intravenous administration of magnesium, 
the patient developed jerky movements of the extrem- 
ities, complained of having difficulty swallowing, had 
paradoxical respirations, and was unable to lift her 
head from the pillow, The magnesium was discontin- 
ued and the muscle weakness resolved over the next 
25 minutes. 

Contractions ceased and were not a problem 
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throughout the remainder of the 3-day hospitalization. 
The patient was discharged while taking nifedipine, 20 
mg every 6 hours. The pregnancy continued and the 
patient was delivered of a 3490 gm boy at 38 week's 
gestation. 


Comment 


The mechanism of action of both nifedipine and 
magnesium in the suppression of uterine contractility 
is obscure. Both agents block intracellular flow of ion- 
ized calcium in both skeletal and smooth muscle. 
Smooth muscle relaxation may be more profound than 
that of skeletal muscle because of limited reserves of 
calcium in endoplasmic reticulum of smooth muscle. 


In skeletal muscle, magnesium has clear prejunctional - 


and postjunctional effects, and at high levels can pro- 
duce’ neuromuscular blockade. Magnesium has been 
shown to potentiate both depolarizing and nondepo- 
larizing neuromuscular blockers. Although some con- 
flicting reports of potentiation of neuromuscular block- 
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ers by nifedipine on animal in vitro and in vivo muscle 
preparations have appeared,’ we are not aware of any 
reports of serious interactions in humans, despite the 
relative frequency with which the combination of these 
agents is seen in practice. 

We think that our patient’s reaction suggests that 
nifedipine potentiates the neuromuscular blockade ef- 
fect of magnesium sulfate. We recommend that nifed- 
ipine and magnesium not be used for tocolysis in the 
same patient. Choosing an agent with another mech- 
anism of action, for example, B-sympathomimetics, 
may be a safer and more logical choice when an ad- 
ditional tocolytic seems indica-ed. , 
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Usefulness of continuous fetal heart rate monitoring during 


cesarean section 


Boris M. Petrikovsky, MD, PhD, Mario Cohen, MD, and M. Leon Tancer, MD 


Brooklyn, New York, and Farmington, Connecticut 


Cesarean seciion performed because of fetal distress routinely leaves the fetus unmonitored for a variable 
period of time (perioperatively and intraoperatively). We present in this report two cases in which 
continuous fetal heart rate monitoring during cesarean section modified the obstetric management for the 
benefit of the mother and of the fetus. (AM J Osstet GyNecoL 1989;161:36-7.) 


Key words: Cesarean section, fetal heart rate, fetal distress 


Fetal distress is one of the major indications for the 
performance of primary cesarean sections. Overall, 
there has been a greater than threefold increase in the 
number of cesarean sections during the last decade in 
thé United States; fetal distress represents the reason 
for 13.2% of all cesarean sections. 

It has been a routine practice to discontinue fetal 
heart rate monitoring before the performance of a ce- 
sarean section. , Thus the fetus, already compromised, 
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remains unmonitered throughout the entire surgical 
procedure, and the obstetric team (obstetrician, anes- 
thesiologist, and neonatologist) is unaware of the cur- 
rent fetal status. 

Beginning in June 1985, we extended intrapartum 
fetal heart rate monitoring to the intraoperative period 
in cases in which indications for cesarean section arose 
during labor. This report deals with the practical use- 
fulness of intraoperative fetal neart rate monitoring. 


Case reports 

Case 1. A 32-year-old patient, gravida 2, para 1, was 
admitted to the hospital for a trial of vaginal delivery 
after a previous cesarean section. The patient was mod- 
erately obese. 

Labor progressed uneventfully until 6 cm of cervical 
dilation was reached. At this point, the internal fetal 
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heart rate monitor registered moderate variable de- 
celerations. A pelvic examination was performed and 
umbilical cord prolapse was ruled out. Conservative 
measures (such as changes in maternal position and 
oxygen) were not successful. Twenty minutes later, 
variable decelerations became severe; scalp pH was 
7.20. At this point, a decision was made to perform a 
cesarean section. The internal scalp electrode was left 
in situ and fetal heart rate monitoring was continued. 
The fetal heart rate returned to normal after the tra- 
cheal intubation was completed and remained normal 
throughout the entire procedure. 

When the peritoneal cavity was entered, the surgeons 
found multiple adhesions between the loops of the 
small bowel, omentum, and the uterus, which neces- 
sitated meticulous and time-consuming dissection, The 
identification of the vesicouterine fold and dissection 
of the bladder flap was also technically difficult. 

The neonate was born in satisfactory condition. 
There were two loops of umbilical cord around the fetal 
neck. The Apgar score was 8 at 1 minute and 9 at 5 
minutes. Cord venous pH was 7.28. Fetal weight was 
4200 gm. Estimated blood loss was 700 ml. 

Case 2. A 26-year-old patient, gravida 1, para 0, was 
admitted to the hospital in active labor with sponta- 
neously ruptured membranes. Pelvic examination re- 
vealed the cervix to be 3 cm dilated and fully effaced. 
An internal electrode was placed and registered late 
decelerations and diminished beat-to-beat variability. 
The scalp pH was 7.18. A decision was made to perform 
an emergency cesarean section. 

The fetal heart rate tracing improved after the tra- 
cheal intubation and remained stable up to the time of 
the uterine incision, which permitted the surgeon to 
proceed up to this point without haste. Immediately 
after the myometrial incision, the fetal heart rate 
dropped abruptly without a tendency to recover. Ex- 
peditious delivery of the fetus was undertaken by the 
senior operator. 

The neonate was born with mild hypoxia. The 1- 
minute Apgar score was 5; the 5-minute score was 8. 
The venous cord pH was 7.21, and the estimated blood 
loss was 950 ml. 


Comment 

Schaefer et al.' stated that indications for undertak- 
ing cesarean section may serve as a clue to the physician 
as to possible complications. Thus the complication rate 
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for emergency operations is almost five times higher 
than that for elective cesarean sections. These authors 
registered a 9.5% increase in the occurrence of the 
following complications during cesarean sections per- 
formed in a “rushed” fashion: lacerations of the isthmic 
part of the uterus, extension of the initial uterine in- 
cision with bleeding, and excessive blood loss necessi- 
tating blood transfusion.' 

Major surgical complications under these circum- 
stances were noted in 2.5% of the cases and included 
bladder injury, intestinal injury, laceration of one or 
both uterine arteries, and extension of the uterine in- 
cision into the broad ligament with subsequent devel- 
opment of hematoma. 

Increased surgical speed and vigorous attempts to 
deliver the fetus may also result in neonatal trauma. 
Direct fetal injuries either by knife or scissors that ne- 
cessitate repair by plastic surgeons, femoral fractures, 
peripheral nerve injury, and other injuries have. been 
described in the literature. The unanimous opinion of 
all involved in researching cesarean complications is 
that their advoidance depends largely on the use of a 
controlled technique. We think that intraoperative fetal 
heart rate monitoring helps to achieve this goal.. Thus 
a reassuring fetal heart rate pattern (case 1) allowed 
surgeons to proceed throughout the entire procedure 
in a patient at high risk (obesity, intraabdominal adhe- 
sions, large fetus) without haste. 

If the fetal heart rate deteriorates at some point dur- 
ing cesarean section, the. surgeon and the neonatologist 
are aware of it immediately because of continuous mon- 
itoring and can take appropriate measures to deliver 
the fetus as soon as possible and be fully prepared for 
the immediate resuscitation. Two steps in the course of 
the cesarean section require special attention, abdom- 
inal preparation and myometrial incision, because they 
are commonly associated with fetal heart rate changes.* 
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Risk factors for vulvar lichen sclerosus 
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To assess risk factors for vulvar lichen sclerosus data were collected in a case-control study of 75 cases 
and 225 age-matched control subjects. Questions concerned personal characteristics and habits, 
gynecologic and obstetric data, general indicators of sexual habits, and selected dietary habits. The risk of 
vulvar lichen sclerosus was greater in parous women than nulliparous women; but there was little 
tendency for the risk to increase with number of births; the finding was not significant when only married 
women were considered. There was no material difference between cases and control subjects in relaticn 
to major indicators of sexual habits (age at first intercourse and number of sexual partners). A smaller 
proportion of cases was married, but no difference was observed in the distribution of cases and controls 
with reference to education, smoking habits, body mass index, and previous history of diabetes, There was 


no association between retinoids and risk of vulvar lichen sclerosus, but intake of carotenoids was 
inversely and strongly associated with vulvar lichen sclerosus. This apparent protection did not materially 
change after adjustment for socioeconomic status and other potential confounding factors. (Am J OBsTET 


GYNECOL 1989; 61 38- -42.) 


Key words: Risk factors, vulvar lichen sclerosus, reproductive factors, diet 


` Lichen sclerosus is an uncommon disease whose di- 
agnostic features are lichenoid, slightly atrophic lesions 
with characteristic histologic features. An immunolog- 
ically mediated pathogenesis has been claimed’ on the 
basis of a reported higher frequency of autoimmune 
disorders? and specific HLA antigenis in lichen sclerosus 
cases.’ Immunologic factors may well explain part of 
the approximate tenfold greater frequency in’ women 
than in men,’ because most autoimmune diseases are 
more frequent in women. Hormonal factors also may 
contribute to this elevated frequency in women. 

The clinical observation that lichen sclerosis is more 
common in women with a history of repeated vaginitis* 
or in men with phimosis has suggested potential infec- 
tive mechanisms.’ However, little epidemiologic evi- 
dence is available to quantify the role of these factors. 
Therefore we considered the relationship between var- 
ious environmental factors and vulvar lichen sclerosus, 
with data from a case-control study conducted i in Lom- 
bardy, Northern Italy. 


Subjects and methods 


Between January 1985 and May 1987 trained inter- 
viewers identified and questioned women with vulvar 


From the First Obstetrics and Gynecology Clinic, University of Milan,’ 
the “Mario Negri” Institute for Pharmacological Research,’ and 
the Institute of Social and Preventive Medicine, University of 
Lausanne.‘ l 

Received for publication March 7, 1988; revised June 15, 1988; 
accepted January 10, 1989. 

Reprint requests: Fabio Parazzini, MD, Istituto di Ricerche Far- 
macologiche, “Mario Negri,” Via Eritrea, 62, 20157 Milan, Italy. 


38 


lichen sclerosus and control subjects using a structured 
questionnaire, Despite the sensitive nature of the 
interview, the participation rate was practically com- 
plete (one case and two or controls refused the 
interview). ; 

The cases were all women with histologically con- 
firmed diagnosis of vulvar lichen sclerosus, according 
to the classification of the International Society for the 
Study of Vulvar Disease, who were admitted during the 
study period to the First Obstetrics and Gynecology 
Clinic of the University of Milan. A total of 75 subjects, 
aged 28 to 72 years (median age, 56 years), met these 
criteria. 

The control ae ects were patients admitted for acute 
conditions to the Ospedale Maggiore (including the 
four major teaching and general hospitals in Milan) and 
several specialized university clinics serving a catchment 
area comparable to that of the hospital where cases had 
been identified. Three controls were age- matched with 
each case in 5-year intervals; a total number of 225 
subjects were interviewed. Of these, 29% were admitted 
for traumatic conditions (mostly fractures and sprains), 
26% had nontraumatic orthopedic disorders (mostly 
low back pain and disk disorders), 20% were admitted 
for acute abdominal diseases that generally required 
surgery, and 25% had other illnesses such as disorders 
of the ear, nose, throat, or teeth. 

' Information was cbtained concerning personal char- 
acteristics and habits, gynecologic and obstetric data, 
related medical history, and general indicators of sexual 
habits (age at first intercourse, total number of sexual 
partners). The subjects were also questioned about 
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Table I. Distribution of 75 cases of vulvar lichen sclerosus and 225 controls according to obstetric and 
gynecologic factors (Milan, Italy, 1985 to 1987) 








95% Confidence 


Cases Controls Relative risk interval 
Parity 
0 6 47 ]* 
1-2 46 121 3.0 1.2-7.2 
23 23 > 57 3.2 1.2-8.2 
x? trend 4.28 
(p = 0.04) 
Spontaneous abortions 
57 174 1* 
=] 18 51 l.l 0.6-2.0 
Menopausal status l 
Premenopausal 10 42 1* 
In menopause 6 19 1.3 0.4-4.2 
Postmenopausal 59 164 1.5 0.7-3.2 
x? trend 1.17 (NS) 
Age at menopause (yr)f 
<45 11 37 1* 
45-49 21° 52 1.4 0.6-3.2 
=50 33 94 1.2 0.5-2.6 
x trend 0.06 (NS) 


*Reference category. 
{Postmenopausal women only. 





Table II. Distribution of 75 cases of vulvar lichen sclerosus and 225 controls according to selected 


indicators of sexual habits (Milan, Italy, 1985 to 1987) 


95% Confidence 


interval 

Age at first intercourse (yr) 

=17 7 9 1*t 

18-22 29 85 . 0.4 0.2-1.3 

=23 or never 39 131 0.4 0.1-1.1 

xj trend 2.10 (NS) 
No. of sexual partners 

0-1 64, 192 1*ł 

22 11 33 1.0 0.5-2.2 


*Reference category. 





tAdjusted for number of sexual partners by the Mantel-Haenszel procedure. 
Adjusted for age at first intercourse by the Mantel-Haenszel procedure. 


their frequency of consumption per week of the ma- 
jor sources in the Italian diet of retinoids (milk, l- 
ver, and meat) and carotenoids (carrots and green 
vegetables). 


Data analysis 


Odds ratios (as estimators of relative risks) and 95% 
confidence intervals? were computed with use of an 
unmatched approach; when appropriate, relative risks 
were tested for trend.’ Potential confounding factors 
were controlled individually with stratification and the 
Mantel-Haenszel procedure.* However, since adjust- 
ments for age or other factors did not materially change 
most of the relative risks, unadjusted estimates were 
chosen for presentation except where indicated in the 
text. Indexes of monthly retinol and B-carotene intake 
were computed using Italian Department of Agricul- 


ture standard tables of nutrient values.? Obviously, be- 
cause the limited dietary information did not include 
all possible sources of dietary vitamin A, these com- 
puted indexes should be interpreted merely as ap- 
proximated estimates of intake. 


Results 


The relationship between reproductive, gynecologic 
factors and vulvar lichen sclerosus is considered in 
Table I. The risk of vulvar lichen sclerosus was greater 
for parous than nulliparous women, but there was little 
tendency for the risk to increase with number of births 
(point estimates, 3.0 for women with one or two births 
and 3.2 for those with three or more births). This find- 
ing was significant in the overall series but not when 
only married women were considered. The estimated 
relative risks were respectively 1.8 (95% confidence 
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Table IFI. Distribution of 75 cases of vulvar lichen sclerosus and 225 controls according to tertiles of 
dietary retinoid and carotenoid intake (Milan, Italy, 1985 to 1987) 


95% Confidence 
Cases Controls Relative risk interval 


Retinoid tertiles 


1 (<115*) 20 79 
2 (115-129) 34 67 
3 (=130) 21 79 
xi trend 
Carotenoid tertiles 
1 (<95*) 33 66 
2 (95-169) 5 31 72 
3 (2170) 11 87 
xi trend 





*In thousand international units per month. 
tReference category 





Table IV. Distribution of 75 cases of vulvar lichen sclerosus and 225 controls according to selected 


variables, (Milan, Italy, 1985 to 1987) 


Marital status 
Married 55 
Widowed-divorced 20 
Never married — 


Education (years) 


40 
>7 25 
Smoking habits 
Never smoked i 65 
Ever smoked 10 
Body mass index (kg m~?) 
<25 48 
25-30 20 
=30 7 


It 
2.0 1.1-3.8 
l.l 0.5-2.1 
0.02 (NS) 
lt 
0.9 0.5-1.6 
0.3 0.1-0.5 
12.76 
(p < 0.001) 
95% Confidence 
interval 
138, ig 
66 i 0.8 0.4-1.4 
21 
150 1* 
75 3 0.7-2.2 
175 1* 
50 0.5 0.3-1.1 
145 1* 
57 1.1 0.6-1.9 
23 0.9 0.4-2.3 





*Reference category. 


interval 0.7-4.5) and 1.7 (95% confidence interval 0.7- 
4.9) in women with one or two and three or more 
births (x7 for linear trend = 0.96, NS). No correlation 
emerged with number of spontaneous abortions and 
age at first pregnancy (data not presented). Similarly, 
there was no association between vulvar lichen sclero- 
sus, menopausal status, and age at menopause (Ta- 
ble I). 

There was no material difference between cases and 
controls in relation to major indicators of sexual habits 
(age at first intercourse and number of sexual partners, 
Table IT). 

The distribution of cases and controls according to 
the estimated indexes of monthly intake of reti- 
noids (preformed vitamin A) and caroteinoids (provi- 
tamin A) is presented in Table III. There was no ap- 
parent relation between retinoid intake and the risk of 
vulvar licher. sclerosus but women in the upper cate- 


gory of carotenoid intake were at significantly lower 
risk. 

A smaller proportion of cases was unmarried or had 
ever smoked (the latter finding was not statistically sig- 
nificant), but there were no differences between the 
distribution of cases and controls with regard to edu- 
cation or body mass index (Table IV). A previous di- 
agnosis of diabetes was reported by a similar percentage 
of wowen with vulvar lichen sclerosus (8%) and the 
control group. No cases or controls had a history of 
clinically diagnosed immune connective disorders (e.g., 
systemic lupus erythematosus). 


Comment 


Two different patterns emerged from this explor- 
atory epidemiologic investigation of vulvar lichen scle- 
rosus. First, there were signiticant associations with 
marital status (since approximately 10% of controls but 
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none of the cases were never married) and with nul- 
liparity. The possibility of selection bias being respon- 
sible for this could not be excluded, since unmarried 
women are probably less careful about problems of the 
external genital organs. It is generally difficult to quan- 
tify the role of selection bias in studying a disease when 
its diagnosis can be noticeably influenced by subjective 
factors, although in this study no major differences in 
socioeconomic indicators emerged between cases and 
controls. Furthermore, cases and controls were chosen 
from hospitals and institutions that covered broadly 
comparable catchment areas; participation in the study 
was almost complete. 

The association with parity may be considered with 
regard to hormonal factors. Lichen sclerosus is more 
frequent in women and is generally diagnosed in the 
perimenopausal age (when estrogen levels are propor- 
tionally elevated and progesterone levels are decreased 
in relation to the inconsistent pattern of ovulation). 
However, in our study menopausal status and age at 
menopause were not related to the frequency of vulvar 
lichen sclerosus. These results and the observation that 
therapy with female hormones had no effect on the 
clinical course of the disease suggest that female hor- 
mones do not play an important role in the pathogen- 
esis of vulvar lichen sclerosus. Conversely, the obser- 
vation that women who had ever smoked had a lower 
risk of vulvar lichen sclerosus might be linked to the 
elevated androgen levels in smokers.” Although not 
statistically significant, this association has a plausible 
biologic explanation because testosterone has been ad- 
vocated as the first-choice treatment for vulvar lichen 
sclerosus." 

The second major finding of this study was the neg- 
ative correlation with carotenoids. This association 
could not be simply explained by confounding, because 
allowance for potential confounders (including indi- 
cators of socioeconomic and marital status) failed to 
account for it. Furthermore, at the time of data collec- 
tion, the possible relationship between diet and vulvar 
lichen sclerosus was unknown to the interviewers and 
to the subjects interviewed, and only a small part of the 
questionnaire was related to dietary factors. Hence, the 
interviewers and the patients’ attention was probably 
not concentrated on those aspects. 

A limitation of this study is the small number of di- 
etary variables collected. However, because the food 
items analyzed represent the major sources of dietary 
vitamin A in the Italian diet, we believe that the esti- 
mates are probably at least reasonably correlated with 
the real values. There is no obvious biologic explanation 
of this finding. The association with carotenoids but 
not retinoids could be related to the fact that serum 
levels of the former, but not the latter, are directly 
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related to dietary intake.” In vitro, vitamin A inhibits 
human fibroblasts and collagen production." Thus a 
deficiency of vitamin A has been claimed in the patho- 
genesis of skin diseases characterized by excess collagen 
formation. Because of this, etretinate has been pro- 
posed for the treatment of vulvar lichen sclerosus.'*® 

The clinical observation of previous vaginitis in pa- 
tients with vulvar lichen sclerosus‘ suggested that in- 
fections may play a provocative or localizing role. How- 
ever, number of sexual partners and age at first inter- 
course (two well-established indirect indicators of the 
risk of sex-related diseases) were not associated with 
the risk of vulvar lichen sclerosus in this series. 

On the basis of clinical data, an elevated frequency 
of autoimmune disorders has been repeatedly associ- 
ated with vulvar lichen sclerosus.” We did not collect 
a detailed history regarding autoimmune disorders, but 
no cases or controls had a history of clinically diagnosed 
important immune-related connective disorders such 
as systemic lupus erythematosus. Finally, in relation to 
other disorders, the absence of association with diabetes 
agreed with the results of a previous case-control study 
conducted in Britain.? 


We thank Ms. Maria Nigro and Ms. Judy Baggott for 
editorial assistance. 
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Fetal liver length in normal and isoimmunized pregnancies 
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Auckland, New Zealand 


The length of the right lobe of the fetal liver was measured by means of ultrasound examined on 53 
occasions in 21 isoimmunized pregnancies. Fetal blood samples were taken in all patients within 24 hours. 
Comparisons were made with 350 measurements of liver length in normal pregnancies. A good correlation 
was found between liver length and fetal hemoglobin level (r = 0.794, p < 0.001) and between liver length 
and reticulocyte count (r = 0.721, p < 0.001). At the time of first sample, all fetuses with a hemoglobin of 
<100 gm/L had a liver length that was greater than the ninetieth percentile. Liver length measurement 
seems to be a useful indicator of the degree of fetal anemia in isoimmunized pregnancies. (Am J OBSTET 


GYNECOL 1989;161:42-6.) 


Key words: Fetal liver, ultrasound, rhesus 


Ultrasound examination now plays a major role in 
the assessment and management of isoimmunized 
pregnancies. Many ultrasound signs have been advo- 
cated as indicators of fetal anemia. These include the 
presence of fetal ascites, skin edema, pericardial effu- 
sion, the measurement of umbilical vein diameter, ab- 
dominal circumference, placental size, amniotic fluid 
volume, fetal activity, and Doppler studies of the fetal 
aorta and umbilical vein.'* Overall, the use of ultra- 
sound studies to assess the severity of fetal disease 
has been disappointing.* Most signs only appear in 
the severely anemic fetus. The correlation between 
optical density of the amniotic fluid (AOD 450 nm) and 
fetal hemoglobin is also poor, especially before 24 
weeks.® 

Therefore many units rely on determining the se- 
yerity of fetal anemia by direct measurement of fetal 
hemoglobin or hematocrit level after a sample of fetal 
blood is obtained. Specimens of fetal blood are usually 
obtained by percutaneous umbilical blood sampling un- 
der ultrasound guidance. Treatment is then usually 
instituted with the use of an intravascular transfusion 
technique” ® or a combined intravascular intraperito- 
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neal approach. However, these are invasive procedures 
and carry significant risks of fezal loss or increased ma- 
ternal sensitization and antibocy production.’ There is 
a need for a noninvasive method of assessing the degree 
of fetal anemia. 

Enlargement of the fetal liver in isoimmunized preg- 
nancies has proved a useful subjective sign of increased 
fetal liver hemopoiesis. The size of the liver has been 
measured indirectly by abdominal circumference or di- 
ameter. Vintzileos et al.” showed that direct measure- 
ment of the right lobe of the fetal liver was more useful 
than abdominal circumference 

This study was designed to measure the right lobe 
of the fetal liver in isoimmunized pregnancies and cor- 
relate this measurement with fetal hemoglobin. We felt 
it was important to have normal fetal liver measure- 
ments from 15 weeks’ gestaticn, and for this reason 
collected fetal liver measurements during normal preg- 
nancies from 15 to 40 weeks. 


Patients and methods 


Normal patients. Three huncred fifty measurements 
of fetal liver length were made between 15 and 40 
weeks’ gestation in 350 patients; measurements were 
taken as part of a clinically requested ultrasound ex- 
amination. The women studied had regular menstrual 
cycles with certain last menstrual periods and a scan 
done before 20 weeks that agreed with their menstrual 
dates. Delivery occurred within 2 weeks of the pre- 
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Fig. 1. Ultrasound picture demonstrates method of measuring right lobe of fetal liver at 18 weeks’ 


gestation. 





Fig. 2. Relationship between fetal liver length and gestational age in 350 normal pregnancies. Fifth 
and ninety-fifth percentile confidence limits are indicated. 


dicted date of delivery, and neonatal Dubowitz scores 
were compatible with gestational age. 

Fetal liver length was measured by means of the fol- 
lowing technique, which is similar to that described by 
Vintzileos et al? The fetus was scanned until a longi- 
tudinal view of the abdominal aorta was achieved. The 
scanning plane was moved parallel to visualize the right 
lobe of the liver. The liver was measured from the 
dome of the right hemidiaphragm to the tip of the 
right lobe. Fetal position sometimes made it difficult to 


measure the right lobe, but no particular position of 


the fetus was selected for exclusion, Ultrasound mea- 
surements were made by means of Diasonics sector 
scanner with a 3.5 or 5 MHz transducer or a Toshiba 
100-convex 3.75 MHz transducer. Freeze-frame capa- 
bility was available and on-screen calipers were used 
for measurements (Fig. 1). The reproducibility of 
the measurement was assessed by two independent 
observers in 29 patients, There was no significant dif- 
= 0.976, p < 0.001). The 
interobserver variation was less than 10% in 95% of 


ference between observers (r 


cases. 
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Fig. 3. Relationship between liver length ratio and fetal hemoglobin in 21 patients at time of first 
sample. 
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Fig. 4. Relationship between liver length ratio and fetal reticulocyte count at time of first sample. 


: Isoimmunized pregnancies. Twenty-one pregnant 
women with severe isoimmunization were studied. The 
antibodies. present were anti-Kell in two women and 
anti-D in the remainder. Three patients had hydropic 
“fetuses at the time of presentation with gross ascites 
and significant subcutaneous edema. Patients were re- 
‘ferred to the National Women’s Hospital after amnio- 
centesis, when the optical density difference (AOD 
450 nm) was elevated. After detailed ultrasound ex- 
amination, including measurement of the fetal liver, 
_ fetal blood sampling was performed with a 20 cm, 22- 
“gauge needle, directed under ultrasound guidance, 
into the umbilical vein or artery. The cord was usually 
sampled within 1 em of the placental insertion, al- 
though océasionally other sites were used, including a 
free loop of cord or rarely the cord insertion into the 
fetus. Three milliliters of fetal blood were taken for 
analysis, including blood grouping. Coombs testing, he- 
-moglobin (urgent), hematocrit, reticulocyte count, Klei- 


hauer, bilirubin, and total protein. Anemic fetuses re- 
ceived a transfusion and fetal blood sampling, and 
transfusion was repeated at an interval of 1 to 4 weeks. 
Measurements of fetal liver length were made before 
fetal blood sampling (within 24 hours) in all 21 patients 
with the first sample and in 32 subsequent fetal blood 
samples and transfusions. Fifty-three blood samples in 
21 patients were included in the analysis. 

For purposes of comparison, liver length is expressed 
as liver length ratio (actual liver length over mean for 
gestation). 


Results 

The relationship between fetal liver length and ges- 
tational age is shown in Fig. 2 with fifth and ninety- 
fifth percentile confidence limits. The predicted limits 
were obtained by fitting a polynomial regression model 
for gestational age to a logarithm of liver length and 
then transforming the resultant prediction intervals 
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Fig. 5. Actual fetal liver length plotted against normal graph at ume of first sample. Numbers beside 


each point denote fetal hemoglobin, 
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Fig. 6. Actual liver length plotted against normal graph in two cases. 


back to the original scale. A quadratic model was found 
to fit the data well (R* = 0.88). 

Isoimmunized pregnancies. There was a significant 
relationship (p < 0.001) between fetal liver length and 


fetal hemoglobin level in all 21 patients at the time of 


first sample (r = 0.794) (Fig. 3). There was also a sig- 
nificant relationship (p < 0.001) between fetal liver 
length and the percentage of reticulocytes in the fetal 
circulation (r = 0.721) (Fig. 4). At the time of subse- 
quent transfusion, the relationship between liver length 
and hemoglobin was significant (r = 0.631, p < 0.001), 
although the relationship with the reticulocyte count 
was less good (r = 0.445, p < 0.004). At the time of the 
first fetal blood sample, all fetuses with a fetal hemo- 


globin level of <100 gm/L had a liver length greater 
than the ninetieth percentile (Fig. 5). Fetal transfusion 
and correction of fetal anemia led to a relative reduc- 
tion in fetal liver length (Fig. 6). No difference was 
found between pregnancies with Kell and D anubodies. 


Comment 

Fetal liver length measurements in normal pregnan- 
cies in this series confirm the data of Vintzileos et al.’ 
and more recently those of Murao et al.” There is a 
discrepancy between our data and those of Vintzileos 
et al. before 24 weeks, which is probably explained by 
the small numbers that Vintzileos et al. had at the lower 
gestational age. Our study confirms the usefulness of 








liver length in the evaluation of the isoimmunized preg- 
nancy. The study enlarges on the data from Vintzileos 
et al. by directly comparing liver length with fetal he- 
moglobin level and reticulocyte count. This has obvious 
significance for triggering referrals to centers that per- 
form fetal blood sampling and transfusion. This is a 
particular problem in New Zealand where patients are 
referred from a long distance and there is a need for 
a specific measurement or sign that can be used for 
referral. We currently use amniocentesis, and an optical 
density of greater than 0.2 is used to trigger referrals, 
However, the correlation between fetal hemoglobin and 
optical density is poor.’ It is now possible to suggest 
that any fetal liver measurement greater than the 
ninetieth percentile in a patient with antibodies should 
be considered for transfer. Confusion may arise, since 
there are other reasons for enlargement of the fetal 
liver. Some fetuses of pregnant women with diabetes 
have significantly enlarged livers, although this is usu- 
ally in the third trimester. Other possibilities include 
fetal or maternal infections or fetal anemia from other 
causes. It will probably be most useful before 30 weeks 
of gestation when it is rare to have fetal liver enlarge- 
ment for other reasons. It is difficult to be sure how 
reproducible measurement of fetal liver length will be. 
We tested the reproducibility between two experienced 


observers on the same patient with no knowledge of 


the others results. The reproducibility was good. The 
reproducibility of the measurement depends on the 
experience of the operator and more important on the 
ultrasound equipment used. The improvements in ul- 
trasound technology have made visualization of the fe- 
tal liver possible. Variations in quality of equipment will 
undoubtedly lead to problems with reproducibility. The 
position of the fetus can also be a problem. If the right 
lobe of the fetal liver is posterior, it can be difficult to 
identify the tip of the right lobe. 

Measurement of the size of the fetal liver seems to 
be more useful before the first transfusion than sub- 
sequently, and this may be partly gestation dependent. 
The percentage of hemopoesis that is extramedullary 
decreases with gestational age, and it is probable that 
switching to increased extramedullary hemopoesis may 


iF MEy yay 
Am ] Obstet Gynecol 


occur later with increasing gestational age. Therefore, 
liver length measurement may be more useful before 
30 weeks, although it is our experience that even in the 
third trimester, a liver size that is well within the normal 
range has not so far been associated with any significant 
anemia. 

In conclusion, our studies confirm the usefulness of 
measuring fetal liver length in the assessment of isoim- 
munized pregnancies. Further studies are needed to 
test whether the measurement is reproducible enough 
to be useful on a larger scale. 


We thank Professor A. Scott, Statistics Department, 
Auckland University, for help with the statistical 
analysis. 
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Does midtrimester AOD,5) of amniotic fluid reflect severity of 


Rh disease? - 


Uma Ananth, MD, and John T. Queenan, MD 
Washington, D.C. 


Thirty-two patients with Rh-immunized pregnancies had amniocenteses between 16 and 20 weeks’ 
gestation. Serial amniotic fluid values of delta optical density at 450 nm were studied to predict the severity 
of Rh disease. A value >0.15 indicated severe Rh immunization. Values <0.09 indicated mild or no Rh 
disease; delta optical density at 450 nm between 0.09 and 0.15 require further evaluation to determine the 
trend. Midtrimester amniocentesis is a simple technique that heips to determine which patients may or may 
not require fetal blood sampling. (AM J OssteT GYNECOL 1989;161:47-9.) 


Key words: Midtrimester, amniotic fluid analysis, AODys0, Rh immunization 


Erythroblastosis fetalis that occurs as a result of Rh 
immunization continues to be a significant contributor 
to perinatal mortality despite the widespread use of Rh- 
immune globulin. Before Liley’s' systematized ap- 
proach to management of the Rh problem by serial 
amniotic fluid values of delta optical density measure- 
ments at 450 nm (AOD, »), 25% of all Rh-immunized 
pregnancies were lost. Preterm delivery to avoid intra- 
uterine death was the principal method of manage- 
ment. Many Rh-positive fetuses died in utero as a result 
of erythroblastosis fetalis and others died in the nurs- 
ery. Some Rh-negative babies died because of prema- 
turity when they were delivered early unnecessarily. 
Amniotic fluid analysis allows determination of the se- 
verity of Rh disease in utero and thus permits intra- 
uterine transfusion or delivery of the affected fetus 
before death occurs in utero and allows the unaffected 
fetuses to remain in utero to gain valuable maturity. 
The Liley approach is extremely effective in preventing 
fetal death in the third trimester.” * 

In cases of very severe Rh immunization, fetal 
death can occur in the second trimester. Because 
intrauterine intravascular fetal transfusion is capable 
of saving fetuses in the early second trimester, it is 
important to evaluate the reliability of amniotic fluid 
AOD) in predicting fetal condition in the second 
trimester. Theretore, this study was undertaken to de- 
termine whether the amniotic fluid AOD,;) value re- 
flects the severity of Rh disease in the early second 
trimester and thereby indicates the need for intrauter- 
ine transfusion. 
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Fig. 1. Distribution of amniotic fluid AOD values from Rh- 
immunized pregnancies between 16 and 20 weeks’ gestation. 
O, Unaffected pregnancies, A, mildly affected pregnancies; ®, 
severely affected pregnancies. 


Material and methods 


Thirty-two patients with Rh immunization who were 
between 16 and 20 weeks’ gestation at the time of initial 
amniocentesis were studied. The criteria for selection 
included a maternal antibody titer =1:64 or a history 
of previous stillbirth. Study patients were healthy 
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Fig. 2. Trend of amniotic fluid AOD45 values. 
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Fig. 3. Serial amniotic fluid AOD4s9 values in two patients in their two consecutive pregnancies. 
Continuous and interrupted lines represent different patients. 


women between 30 and 40 years of age who had am- 
niocenteses for genetic purposes or for determining 
amniotic fuid AOD,s. 

Each sample of amniotic. fluid was centrifuged at 
3000 rpm for 10 minutes immediately after collection, 
and samples were then analyzed in a spectrophoto- 


meter to obtain a continuous recording between 300 
and 700 nm. The deviation in optical density (AOD) 
was obtained by drawing an arbitrary line between 375 
and 525 nm and measuring the difference at 450 nm, 
as described by Liley.*? Samples demonstrating signif- 
icant peaks at 412, 540, and 575 nm were excluded 
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from the study because they indicated contamination 
from other heme pigments and could have altered the 
bilirubin curve.* Twenty-one of the 32 patients under- 
went a second amniocentesis 1 to 6 weeks after the first 
examination and were studied to examine the trend of 
AOD,jso values. Two of the patients were pregnant twice 
during the period of our study and are discussed here. 


Results 


Fig. 1 shows the distribution of 41 AOD,s0 values 
obtained from the 32 patients studied between 16 and 
20 weeks’ gestation. The values were divided into three 
groups based on the outcome. Group 1 consisted of 
unaffected pregnancies; these patients were delivered 
of Rh-negative babies. Group 2 comprised mildly af- 
fected pregnancies, defined in our study as fetuses who 
were delivered at term, possibly requiring photother- 
apy but no exchange transfusions. Group 3 included 
severely Rh-immunized pregnancies, defined as fetal 
death, or infants who required intrauterine transfu- 
sions or exchange transfusions. 

Itis evident from Fig. 1 that the amniotic fluid AOD4so 
values for groups ] and 2 are evenly distributed be- 
tween 0.03 and 0.15. For group 3, all values lie above 
0.08. Therefore, there is an area of overlap between 
0.09 and 0.15 in which all three groups are represented. 

Fig. 2 shows the trend of AOD. values in the 21 
patients who underwent repeat amniocenteses between 
1 and 6 weeks after the first examination. The values 
for all three groups of patients show an upward trend. 

Fig. 3 illustrates the trend in AOD values for the 
two patients who were pregnant twice during the study. 
In their first pregnancies, the serial AOD; values 
showed an upward trend, rising above the critical value 
of 0.15. Both first pregnancies ended in fetal death in 
the second trimester. Their subsequent pregnancies re- 
sulted in healthy Rh-negative babies, reflected by serial 
AOD, values <G.09. 


Comment 


We have previously established’ normal values of 
AOD<4sp in the early trimester and have shown that the 
values are distributed between 0.01 and 0.15, with a 
slight but statistically significant upward trend from 16 
to 20 weeks’ gestation.” The findings in this study con- 
cur with those of our earlier study since a similar up- 
ward trend is demonstrated (Fig. 2). 

The normal values for AOD,;, in the third trimester 
show a downward trend from the twenty-seventh week 
until term. This trend forms the basis for the manage- 
ment of Rh disease in the third trimester. The accuracy 
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of predicting severe Rh disease from a value in the third 
trimester is excellent.? However, it has been shown that 
Liley’s graph cannot be extrapolated into the second 
trimester.® © Investigators® have demonstrated a poor 
correlation between amniotic fluid AOD,;) values and 
fetal hemoglobin in the midtrimester. This has led them 
to conclude that amniotic fluid AOD,,. has no predictive 
value in the second trimester. Therefore they advo- 
cated the routine use of percutaneous umbilical blood 
sampling in all Rh-immunized pregnancies. From a 
clinical standpoint the controversial issues are: (1) Can 
a single amniotic fluid AOD,;. value or serial values 
predict which fetus has severe Rh disease early enough 
for fetal transfusion to be effective? (2) Can amniotic 
fluid AOD,;) predict which fetuses have mild or no dis- 
ease so that fetal umbilical blood sampling and intra- 
uterine transfusions are not necessary? 

From this study it is clear that a single amniotic fluid 
AOD; value >0.15 or an amniotic fluid trend rising 
above 0.15 indicates severe disease. These patients can 
be selected for percutaneous umbilical blood sampling 
to confirm the degree of fetal anemia and whether 
direct intravascular transfusion is indicated. Values 
<0.09 indicate unaffected or mildly affected fetuses. 
These fetuses require further evaluation with serial am- 
niocentesis to verify the trend. In cases in which the 
values fall between 0.09 to 0.15, careful follow-up with 
serial amniotic fluid AOD,5. values is required to estab- 
lish the amniotic fluid trend that determines the se- 
verity of Rh disease. 

This relatively simple technique allows the identifi- 
cation of fetuses that need intravascular transfusion 
and avoids performing the more invasive procedure of 
percutaneous umbilical blood sampling on a routine 
basis. 


REFERENCES 


l. Liley AW. Liquor amnii analysis in the management of 
pregnancy complicated by rhesus sensitization. AM J OB- 
STET GYNECOL 1961;82:1359. 

2. Liley AW. Errors in assessment of hemolytic disease from 
amniotic fluid. AM J OBSTET GYNECOL 1963;86:376. 

3. Bowman JM. The management of Rh-isoimmunization. 
Obstet Gynecol 1978;52:1. 

4. Queenan JT. Amniotic fluid analysis in modern manage- 
ment of the Rh problem. 2nd ed. Hagerstown, Maryland: 
Harper & Row, 1977:73. 

5. Ananth U, Warsof SL, Coulehan JM, Wolf PH, Queenan 
JT. Midtrimester amniotic fluid delta optical density at 450 
nm in normal pregnancies. AM J OBSTET GYNECOL 1986; 
155:664. 

6. Nicolaides KH, Rodeck CH, Mibashan RS, Kemp JR. Have 
Liley charts outlived their usefulness? AM J OBSTET GY- 
NECOL 1986;155:90. 


Increased frequency of detection of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells 
during pregnancy 


Robert F. Rando, PhD,” Steven Lindheim, MD,» Lisa Hasty, MD,” Thomas V. Sedlacek, 
MD, Mark Woodland, MD, and Catherine Eder, BA’ 


Philadelphia, Pennsylvania 


Exfoliated cells of the uterine cervix obtained from women during pregnancy and at the time of their first 
postpartum examination were used to monitor the prevalence of human papillomavirus infections in this 
population and to study the natural fluctuations in viral expression. When deoxyribonucleic acid 
hybridization analysis alone was used to monitor the presence of human papillomavirus infection, 20.9% ol 
our study population had results that were positive for human papillomavirus deoxyribonucleic acid during 
their first-trimester examinations. A dramatic increase in the percentage of women with positive results for 
human papillomavirus deoxyribonucleic acid was observed at the time of the patients’ third-trimester 
examinations (46%). The overall increase in human papillomavirus-positive patients was a combination of 
a small number of patients who had positive results on their first examination and negative results on their 
second examination, and a larger number of patients who had negative results on their first-trimester 
examination and positive results for human papillomavirus deoxyribonucleic acid in the exfoliated cervical 
cells at the time of their third-trimester examination. The total percentage of patients with positive results 
for human papillomavirus deoxyribonucleic acid in their cervical cells at one or both assay points during 
pregnancy was 52.5%. Samples obtained at the postpartum examination demonstrated a dramatic 
decrease in the number of samples positive for human papillomavirus deoxyribonucleic acid (17.5%). This 
result was a combination of a large decrease in human papillomavirus-positive patients coupled with a 
small increase in detectable levels of human papillomavirus deoxyribonucleic acid in cervical samples from 
patients who had negative results on their previous examination. This study demonstrates a very high level 


of detectable human papillomavirus deoxyribonucleic acid in exfoliated cervical cells obtained during 
pregnancy and shows that the detectable levels of human papillomavirus deoxyribonucleic acid fluctuate 


during pregnancy. (AM J Oester GYNecoL 1989;161:50-5.) 


Key words: Human papillomavirus (HPV), deoxyribonucleic acid (DNA), uterine cervix, 


pregnancy, hybridization 


Surveillance of reported cases of clinically apparent 
anogenital human papillomavirus (HPV) infections in- 
dicated a steady rise in the incidence of new cases be- 
tween 1966 to 1983.’ In 1976 Meisels and Fortin? 
helped to heighten interest in human papillomaviruses 
when they reinterpreted the morphologic features of 
dysplasia of the uterine cervix as manifestations of HPV 
infections. Interest was further stimulated when HPV 
deoxyribonucleic acid (DNA) was identified in pre- 
malignant and malignant anogenital lesions.’ To date 
more than 50 distinct types of HPVs have been de- 
scribed. At least 12 distinct types have been detected 
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in anogenital tract and oral cavity lesions. Several stud- 
ies have reported that HPV type 16 and HPV type 18 
are found in association with a majority of high-grade 
dysplastic lesions of the cervix, carcinoma in situ, and 
cervical carcinomas.” 

Two recent studies estimated that 10% to 20% of 
random populations that had cytologically “normal” 
cervices were in fact infected with HPV.** Burk et al. 
detected HPV DNA in 29% of a population of women 
who were referred to a colposcopy clinic and had nor- 
mal Papanicolaou smears. Wickenden et al.’ detected 
HPV infections in 10.5% of a population from a sex- 
ually transmitted disease clinic who had cytologically 
normal cervices. It is interesting that a study conducted 
among pregnant women’ detected HPV DNA in 28% 
of the study population. 

The enhanced detection of viral infections has been 
reported in patients with impaired cell-mediated im- 
munity.® © It has also been noted that HPV infections 
and HPV-associated neoplasia of the anogenital tract 
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are more readily detected, in immunodeficient patients 
than in the general population.® ° During pregnancy, 
a natural altered or depressed immunologic state has 
been suggested.* It has also been reported that clinically 
apparent HPV infections of the female genital tract 
seem. to occur more frequently during pregnancy and 
régress rapidly efter delivery.’ Schneider et alë r 

ported the detéction of HPV DNA in exfoliated a 


cells in 28% of a pregnant populatiori compared with ` 


12.5% for nonpregnant control patients; a higher de- 
tection level occurred in samples obtained later in preg- 
nancy. i 

In addition to an EAT condition, hor- 
monal effects during pregnancy may play a role iri the 
enhancement of viral infection or expression. Long- 
term users of oral contraceptives show an increased risk 
for the development of HPV-associated neoplasia.’* * 
There are also reports of hormonal stimulation of 
HPV-directed transcription in vitro" and proliferation 
of viral growth with B-estradiol in vivo (Krieder J, per- 
sonal communtication). 

This article describes a prospective study designed 
to evaluate the basal level of cervical HPV infections in 
a population of pregnant women, and to determine 
whether there are fluctuations in the detectable levels 
of HPV DNA over the course of pregnancies through 
the first postpartum examination. 


Material and methods 


Sample collections. From April 1987 until August 


1987 all. new patients at Pennsylvania Hospital’s ob- 
stetric clinic were recruited for this study. This popu- 
lation of women was young (mean age = 23.45 years), 
sexually active, and from a low socioeconomic group. 
At the time of the patient’s first-trimester examination, 
a sample of exfoliated cervical cells was obtained and 
used for both cytologic and DNA hybridization analysis. 
Similar specimens of exfoliated cervical cells were ob- 
tained for DNA hybridization analysis during a third- 
trimester visit (28 to 34 weeks) and at the time of the 
patient’s first postpartum checkup (no later than 6 
weeks after delivery). 

DNA extraction. Exfoliated cervical cells were sus- 
pended in phosphate-buffered saline solution, concen- 
trated by low-speed centrifugation (1500 rpm), resus- 
pended in 1 ml of cell lysis buffer (10 mmol/L Tris 
hydrochloride, pH 8.0, 0.6% sodium dodecyl sulfate, 
10 mmol/L ethylenediaminetetraacetic acid). Ribonu- 
clease A (10 ig/ml) and.proteinase K (50 pg/ml) were 
added to the cell lysis buffer and the samples were 
incubated at 37° C for 2 hours. Total cellular DNA was 
purified by extracting the lysed cellular material twice 
with an equal volume of phenol/chloroform/isoamy! 
alcohol (25:24:1). The extracted nucleic acids were 
then precipitated by adjusting the salt concentration to 
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Fig. 1. Detection of HPV DNA in samples obtained from ex- 
foliated cervical cells by Southern blot hybridization. DNA was 
extracted, cleaved with restriction enzymes, electrophoresed, 
and transferred onto nylon filter membranes as described in 
“Material and methods.” The procedure described was per- 
formed in triplicate. One of each of the three triplicate filters 
was hybridized with a combination of *P-labeled molecular 
probes corresponding to HPV-16/18 (A) or HPV-31/33/35 
(data not shown) or HPV-6/11 (B). DNA extracted from 
the samplés analyzed in lane 3 hybridized better with the 
HPV-16/18 probes. DNA extracted from the sample in lane 
5 hybridized better with the HPV-6/11 probes. Lane C con- 
tained 20 pg of an HPV-16 recombinant clone that was cleaved 
with Pst I. 


0.3 mol/L sodium acetate and adding 2.5 volumes of 
cold (— 20° C) ethanol. The DNA was concentrated by 
centrifugation, washed twice with 70% ethanol, dried 
under vacuum, resuspended in | ml of a buffer con- 
taining 10 mmol/L Tris hydrochloride (pH 7.5) and 1 
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Fig. 2. Graphic representation of HPV-positive cervical samples obtained from patients compliant 
through their third-trimester examination. The number of patients with positive results in the third 
trimester is a combination ‘of patients who had positive results in the first trimester (minus those 
patients who had positive results at their first-trimester examination but negative results for HPV 
DNA in their cervical cells during their third-trimester examination) combined with the number of 
new patients with negative results in the first trimester but who had HPV detected during their 
third-trimester examination. The bar labeled total represents patients who were HPV DNA-positive 


in one or both of their examinations. 


Table I. Correlation of Papanicolaou smear 
versus DNA hybridization analysis for the 
detection of HPV during first trimester 

of pregnancy 












Papanicolaou smear 






Positive* 





DNA pos. 6 17 23 
DNA neg. 8 79 87 
TOTAL 14 96 110 





*Papanicolaou-positive, smears included those described as 
condylomatous,: hyperkeratosis, parakeratosis, or squamous 
atypia.. f 

Fourteen patients were classified as having benign atypia. 
Of those 14 patients, 5 had positive results for HPV DNA. 


mmol/L ethylenediaminetetraacetic acid; the concen- 
tration was determined by spectrophotometric analysis 
at 260 nm. 

Hybridization analysis. Total DNA (10 to 15 pg) 
extracted from patient samples was cleaved with the 
restriction endonuclease Pst I as recommended by 
the manufacturer (New England Biolabs). The result- 
ing DNA fragments were fractionated by electropho- 
resis in a 0.8% agarose gel and then transferred 
to nylon filter membranes (Amersham Hybond-N). 


DNA hybridization analysis was performed with mod- 
ifications of the Southern blot technique as pre- 
viously described.'* Molecular probes corresponding 
to HPV types 6, 11, 16, 18, 31, 33, and 35 were 
amplified and purified using standard laboratory meth- 
ods. The HPV genomes were purified from flanking 
bacterial plasmid DNA and then radiolabeled with 
*P-deoxycytidine triphosphate.'* '® 


Results 

Exfoliated cervical cells obtained during the first- 
trimester examination from 110 patients were exam- 
ined by cytologic and DNA hybridization analysis for 
the presence of HPV infection. A comparison of the 
Papanicolaou smear and DNA hybridization analysis 
for the detection of HPV is described in Table I. 

Thirty-one of the 110 patients (28.2%) had positive 
results for the presence of HPV in their cervical cells. 
Of these 31 HPV-positive patients, eight (7.2%) had 
positive results by Papanicolaou smears alone, six 
(5.4%) had positive results by both criteria, and 17 
(15.4%) had only positive hybridization analysis results 
(Table I). A total of 23 of 110 £20.9%) had positive 
DNA hybridization analysis results. 

DNA hybridization analysis was performed in tripli- 
cate for the first-trimester patien: samples. The tripli- 
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Table II. Correlation of sexual partners with 
detection of HPV DNA 





No. of sexual partners 








HPV DNA pos.* 13/38 34.2 25/38 65.7 
(n = 38) 
HPV DNA neg. 11/28 39.2 17/28 60.7 
(n = 28) 
x? = 0.187 
p> 0.05 





*Any patient who had HPV DNA detected during their 
first-trimester, third-trimester, or both examinations were con- 
sidered HPV DNA pos. 


cate hybridization reactions used mixtures of HPV 
types 16 and 18, HPV types 31, 33, and 35, or HPV 
types 6 and 11 for molecular probes (Fig. 1). Of the 
23 patient samples that contained HPV DNA at the 
first-trimester examination, HPV-16/18 was detected 
in 14 (60.8%) samples, HPV-31/33/35 was detected in 
six (26%), and HPV-6/11 was detected in one (4.3%) 
sample. In the remaining two samples (8.7%), HPV 
DNA was detected but not typable with the available 
molecular probes. 

Samples of exfoliated cervical cells were obtained 
from 80 of the original 110 patients during their third 
trimester-visit. Thirteen of these 80 patients (16.2%) 
had positive HPV DNA results during their first- 
trimester examination. DNA hybridization analysis was 
performed on these samples. The results indicate an 
increase in the percentage of patients with positive re- 
sults for HPV DNA in the third trimester, compared 
with the first-trimester results (Fig. 2). This increase 
was reflected in a moderate regression of detectable 
levels of HPV DNA in patients with positive results for 
HPV DNA during the first-trimester visit and negative 
results at the third-trimester visit (7.5%), coupled with 
a large increase of patients with negative results for 
HPV DNA during the first trimester and positive results 
at the third trimester (37.5%). The total number of 
patients with positive HPV DNA results during their 
third-trimester of pregnancy was 37 of 80 (46.2%). The 
total number of patients who had positive results for 
HPV DNA at either or both examinations was 43 of 80 
(53.7%). No significant correlation was observed when 
information concerning the smoking habits (obtained 
from 64 patients who remained compliant through 
their third-trimester examination) was compared with 
the presence of HPV DNA in the patients cervical cells 
(data not shown). In addition, information concerning 
the number of sexual partners (obtained from 66 pa- 
tients compliant through the third trimester) was com- 
pared with the detection of HPV DNA in the patients 
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Fig. 3. Graphic representation of HPV DNA analysis for those 
patients who were compliant through their postpartum ex- 
amination. The total percentage of patients positive at the 
three assay points is depicted in the top panel (A). The per- 
centage of patients who changed with respect to the detection 
of HPV DNA in their cervical cells from first to third trimester 
or from third trimester to postpartum examinations is de- 
picted in the bottom panel (B). 


cervical cells (Table II). No significant difference was 
observed between patients who reported having one or 
two sexual partners compared with those who reported 
more than two partners and the detection of HPV DNA 
in the patients cervical cells. 

Exfoliated cervical cells were obtained from 57 pa- 
tients who remained compliant through their first post- 
partum examination (Fig. 3). DNA hybridization re- 
sults indicate a decrease in the number of patients with 
detectable HPV infections between the third trimester 
of pregnancy and the first postpartum examination. 
The observed decrease was a combination of a small 
increase (10.2%) of HPV-positive patients between the 
third trimester and first postpartum examination cou- 
pled with a large decrease (45.6%) over this same time 
period. The total percentage of patients with positive 
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results at the time of their postpartum examination was 
17.5%; 66% of patients had positive results at one of 
the three assay points. 


Comment 


Use of DNA hybridization (Southern blot) analysis as 
a diagnostic tool has confirmed the observations of sev- 
eral recent studies™®* that routine cytologic examina- 
tion alone will not detect all types of cervical HPV in- 
fections. However, neither will DNA hybridization anal- 
ysis alone detect all HPV infections. A significant 
number of patients (eight of 110, or 7.2%) with cyto- 
logically abnormal features consistent with HPV infec- 
tion did not have HPV detected by DNA hybridization 
analysis in the first trimester. 

The HPV infection level detected with DNA hybrid- 
ization criteria alone for samples obtained during the 
first trimester (23 of 110 or 20.9%) was lower than the 
infection level.of 29% reported for a, population that 
was cytologically normal but referred to a colposcopy 
clinic,® and much higher than the level of 10.5% re- 
ported for women with normal cytologic and colpo- 
scopic examinations in a sexually transmitted disease 
clinic.’ This level was also lower than the level reported 
by Schneider et al. for a general population of preg- 
nant women (28%). The difference between the first- 
trimester examination results reported here (Table I) 
and the 28% reported by Schneider et al. could be a 
result of differences in the population size, the sensi- 
tivities of the different assay techniques used, the na- 
ture of the Pennsylvania Hospital clinic population, and 
the period during pregnancy at which samples were 
obtained. 

Of the 80 patients who were compliant until their 
third-trimester examination, 37 (46.2%) had positive 
results for cervical HPV infection and 42 (52.5%) had 
positive HPV DNA results in one or both of their an- 
alyzed samples (Fig. 2). It has been reported that de- 
tection of HPV DNA is greater in cervical samples ob- 
tained later in pregnancy than in those obtained in the 
early stages? In addition to the large progression in 
the number of HPV DNA-positive patients from the 
first to the third trimester, there was a concomitant 
decrease of detectable HPV DNA levels (6.2%) in the 
study population. It is possible that experimental error 
accounted for some of the samples that changed cat- 
egories over time, but the number of cases that did 
change indicates that a certain level of natural fluctua- 
tion in viral expression occurs in these patients. 

The observed decrease in detection of HPV DNA in 
the samples obtained from patients during their post- 
partum examinations (Fig. 3) reflects a difference in 
detectable levels of HPV DNA in the pregnant and 
nonpregnant cervical samples. We cannot determine 
from this study whether the difference in detectable 
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levels of HPV DNA was a result of a higher number 
of HPV-infected cells during pregnancy or a higher 
level of viral DNA per infected cell. The increase in 
detection during pregnancy coud represent an in- 
crease in viral expression in response to host immu- 
nosuppression during pregnancy, or to changes in the 
hormonal melieu bathing the epithelial cells of the cer- 
vix during pregnancy, or both. Iz has been reported 
that regulatory elements on the viral genome are re- 
sponsive to cellular factors” and to glucocorticoid hor- 
mones in vitro." It also has been observed that 
B-estradiol can stimulate the growth of experimen- 
tal condylomas induced with HFV-11 in nude mice 
(Krieder J, personal communication). 

Obvious fluctuations of the HPV status in maternal 
epithelial cells were noted in this study. The regression 
and progression patterns, although not well defined, 
appear to correlate with the natural immunologic and 
hormonal environment of the pregnant and postpar- 
tum patient. The actual percentage of the population 
infected with anogenital HPVs could be much higher 
than described in other studies of nonpregnant women. 
Further studies are needed to elucidate the natural his- 
tory and true prevalence of anogenital HPV infections. 
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reviewing this manuscript, and Microprobe Corp. of 
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Mechanism for human papillomavirus transmission at birth 
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Philadephia, Pennsylvania 


We attempted to investigate mechanisms, in addition to sexual contact, by which human papillomaviruses 
associated with anogenital tract lesions could be transmitted. Samples of exfoliated cervical cells were 
obtained from 45 pregnant women and were assayed by Southern blot hybridization analysis for the. 
presence of human papillomavirus nucleic acids, Twenty-five of the 45 women had cells positive for 
human papillomavirus deoxyribonucleic acid. A neonatal nasopharyngeal aspirate was obtained at term 
and analyzed for the presence of human papillomavirus deoxyribonucleic acid. We documented the 
presence of human papillomavirus deoxyribonucleic acid in the oral pharyngeal cavity of the neonates in 
15 of 45 nasopharyngeal sampies analyzed. Amniotic fluid was obtained from 13 patients when their 
membranes were artificially ruptured. These samples were assayed for the presence of human 
papillomavirus deoxyribonucleic acid; two of the 13 amniotic fluid samples contained human papillomavirus 
deoxyribonucleic acid. The detection of human papillomavirus deoxyribonucleic acid in the oral cavity of 
neonates is indicative of a perinatal mechanism of viral transmission. The detection of human 
papillomavirus deoxyribonucleic acid in the amniotic fluid may suggest an in utero mechanism of 
transmission. However, problems encountered in collecting the amniotic fluid samples preclude us from 
definitive interpretation of these data. (AM J OssTer GYNECOL 1989;161:55-9.) 


Key words: Human papillomavirus (HPV), deoxyribonucleic acid (DNA), uterine cervix, 


pregnancy, hybridization 


Several different human papillomavirus (HPV) types 
have been identified in benign’? and malignant"? le- 
sions of the respiratory tract. One of the easiest HPV- 
induced lesions to identify is laryngeal papillomatosis. 
Benign laryngeal papillomatosis can lead to hoarseness 
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and progressive enlargement that results in obstruction 
of the airway.® In the majority of cases, papillomatous 
growths in the respiratory tract can be controlled with 
a limited number of ablative procedures, However, in 
some instances the papillomas in the larynx rapidly 
regrow after apparent complete surgical excision. 

In juvenile-onset laryngeal papillomatosis (clinical 
onset before puberty), 75% of cases are diagnosed be- 
fore 5 years of age.® Several laboratories have estab- 
lished the causative relationship between human pap- 
illomaviruses (HPVs) [especially HPV type 6 (HPV-6) 
and HPV type 11 (HPV-11)] and respiratory papillo- 
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Fig. 1. Detection of HPV-DNA in samples obtained from ex- 
foliated cervical cells, nasopharyngeal aspirates, and amniotic 
fluid by Southern blot hybridization. DNA was extracted, 
cleaved with the restriction endonuclease Pst 1, and trans- 
ferred onto nylon filter membranes as described in “Material 
and methods.” The filters were hybridized with a mixture of 
”P-labeled HPV DNAs. The mixture included HPV types 
6,11, 16,18, 31, 33, and 35. Examples of hybridization results 
obtained for sample DNA (10 to 15 pg) extracted from ex- 
foliated cervical cells (lanes J to 5) and from nasopharyngeal 
aspirates (lanes 6 to 11) are shown in the top panel (A). Lanes 
3 and 10 in the top panel contain DNA sequences that hybridize 
with the “P-labeled molecular probes. The bottom panel (B) 
contains total DNA extracted from amniotic fluid (lanes J to 
11). Lane 8 in the bottom panel contains DNA sequences that 
hybridize (faintly) with the “P-labeled molecular probes. The 
left-hand unmarked lane, in both the top and bottom panels, 
contains 20 pg of a recombinant HPV-16 genome digested 
with Pst I 


matosis.”*® HPV-6 and HPV-11 are also associated with 
the majority of exophytic genital condylomas.? Mounts 
and Kashima" correlated specific subtypes of HPV-6 
with extent and severity of disease; HPV-6c was present 
in all patients with disease extension into the trachea 
and lungs. It has been reported that HPV genomes can 
be found in histologically “norma!” epithelium adjacent 
to (in some cases several centimeters away from) the 
papillomatous lesion.'! ° This observation may explain 
the lateral spread of the lesions to previously unin- 
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volved sites, including extension irto the trachea and 
the rapid recurrence in some cases after surgical re- 
moval. Factors to help predict a clinical course have yet 
to be established. 

Despite the recent accumulation of information con- 
cerning anogenital tract HPV infec-ions, including the 
prevalence and association with anogenital malignan- 
cies.” little is known about the natural history of HPV 
infections. However, alternate mechanisms of trans- 
mission may also exist that would explain the fact that 
the HPV types found in adult genital warts are also 
found in juvenile-onset laryngeal papillomatosis. The 
possibility that the HPV infection in patients with 
juvenile-onset laryngeal papillomatosis is acquired by 
the newborn during its passage through an HPV- 
infected birth canal was suggested in 1953 by Webb™ 
and again in 1956 by Hajek.” A recent study observed 
that a history of maternal condyloma could be elicited 
in over 30% of mothers bearing children with these 
lesions. To date, no prospective study exists to doc- 
ument transmission during the birth process. It is very 
likely that the virus is transmitted intrapartum as the 
fetus passes through infected secretions of the birth 
canal. However, one case of juvenile-onset laryngeal 
papillomatosis has been documented from a nonrup- 
tured elective cesarean section, suzgesting that addi- 
tional mechanisms of transmission may exist.'° 

A prospective study was undertaken at the obstetric 
clinic of Pennsylvania Hospital to elucidate mechanisms 
by which neonates can become infected with HPV, and 
to give further insight into the natural history of this 
virus. 


Material and methods 


From April 1987 through August 1987 all new pre- 
natal patients at Pennsylvania Hospital's obstetric clinic 
were solicited for and subsequently enrolled in this 
study. The population of women was young (mean 
age = 22.4 years), sexually active, and from a low so- 
cioeconomic group. During their initial first-trimester 
visit, a sample of exfoliated cervical cells was obtained 
for cytologic and deoxyribonucleic acid (DNA) hybrid- 
ization analysis. During the third-trimester visit (be- 
tween 28 and 34 weeks), a second specimen of exfoli- 
ated cervical cells was obtained for DNA hybridization 
analysis. 

Patients with intact membranes who were seen in the 
labor and delivery suite in active labor had elective ar- 
tificial rupture of the membranes with an 18-gauge 
needle. Betadine was used to cleanse the vulva, vagina, 
and cervix. One patient, who underwent an amniocen- 
tesis for fetal maturity at 38 weeks before a repeat ce- 
sarean section, had 1 ml of amniotic fluid saved for 
DNA hybridization analysis. 

After delivery nasopharyngeal aspirates from all neo- 
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Table I. Distribution of HPV types detected in 
maternal cervical cells 















6/11 16/18 31133135 


No. detected 0 12 4 9 
(n = 25) 





nates were obtained with a DeLee suction device. The 
catheter was placed in the oral pharynx to the level of 
the nasopharynx and then inserted into the nares. The 
specimens (3 to 5 ml) obtained were analyzed for the 
presence of HPV DNA. 

Patients were excluded from the study if we were 
unable to obtain matched samples from the maternal 
cervical cells and from the neonatal nasopharyngeal 
aspirate. 

Nucleic acid extraction. Exfoliated cervical cells 
were resuspended in phosphate-buffered saline solu- 
tion, concentrated by low-speed centrifugation (1500 
rpm), and resuspended in 1] ml of cell lysis buffer (10 
mmol/L Tris hydrochloride, pH 8.0, 0.6% sodium do- 
decyl sulfate, and 10 mmol/L ethylenediaminetetra- 
acetic acid), Proteinase K (50 g/ml) and ribonuclease 
A (10 ug/ml) were added to the cell lysis buffer and 
the cell samples were incubated for 2 hours at 37° C. 
DNA was purified by extracting the samples twice with 
an equal volume of phenol/chloroform/isoamyl alco- 
hol (25:24:1), The extracted nucleic acids were then 
precipitated by adjusting the salt concentration to 0.3 
mol/L sodium acetate and adding 2.5 volumes of cold 
absolute alcohol. The nucleic acids were concentrated 
by centrifugation (11,000 rpm), washed twice with 70% 
ethanol, dried under vacuum, and resuspended in 1 
ml of TE buffer [10 mM Tris hydrochloride (pH 7.5) 
and 1 mmol/L ethylenediaminetetraacetic acid]. The 
DNA concentration was estimated by monitoring the 
absorbance at 260 nm with a Beckman DU-7 spectro- 
photometer. 

DNA was purified from nasopharyngeal aspirates 
and samples of artificially ruptured membranes by di- 
rectly extracting these samples with an equal volume 
of phenol/chloroform/isoamyl alcohol. The DNA was 
then precipitated in ethanol and resuspended in TE 
buffer. The amount of DNA obtained from these sam- 
ples was usually small and the entire sample was used 
in the hybridization analysis. 

Hybridization analysis. DNA (10 to 15 pg) extracted 
from cervical samples and the total DNA extracted 
from artificially ruptured membranes and nasopharyn- 
geal specimens was cleaved with the restriction endo- 
nuclease Pst ] as recommended by the manufacturer 
(New England Biolabs). The resulting DNA fragments 
were fractionated by electrophoresis in a 0.8% agarose 
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Table II. Comparison of nucleic acid 
hybridization analysis of DNA extracted from 
maternal cervical cells and neonatal 
nasopharyngeal aspirates 













HPV DNA pos, HPV DNA neg. 





Cesarean 
section 


Cesarean 
section 





NeonateT 





HPV DNA neg. 12 2 14 2 
HPV DNA pcs. il 0 4 0 
Total samples 23 2 18 2 





SVD, Spontaneous vagina] delivery. 


*Mothers were considered to have positive results if either 
their first- or third-trimester sample of cervical cells was pos- 
itive for HPV DNA. 


+Nasopharyngeal samples were all obtained with the DeLee 
suction device. Samples were obtained after spontaneous vag- 
inal delivery or cesarean section. 


gel and then transferred to a nylon filter membrane 
(Amersham Hybond-N). DNA hybridization analysis 
was performed at — 20° C with a modification of the 
Southern blot technique.” Molecular probes corre- 
sponding to HPV types 6, 11, 16, 18, 31, 33, and 35 
were amplified and purified with standard laboratory 
methods. The HPV genomes were purified from flank- 
ing bacterial plasmid DNA and then radiolabeled with 
a ®P.deoxycytidine triphosphate. Hybridization anal- 
ysis of DNA extracted from exfoliated cervical cells was 
performed in triplicate. The molecular probes used in 
the three hybridization reactions were HPV-16/18, 
HPV-31/33/35, or HPV-6/11. 


Results 


Samples of exfoliated cervical cells obtained from 45 
pregnant women during their first- and third-trimester 
examinations were analyzed for the presence of HPV 
DNA. Comparison of the DNA hybridization results 
from cervical samples obtained during the patients’ 
first- and third-trimester examinations revealed both a 
progression (in some patients) and a regression (in 
other patients) in the detectable levels of HPV DNA 
(see accompanying article, pp. 50-5). The total number 
of patients with results positive for HPV DNA in one 
or both of the cervical samples was 24/45 (55.5%). The 
cervical DNA samples were hybridized with three dif- 
ferent groups of HPV molecular probes. The distri- 
bution of viral types found in the cervical samples is 
shown in Table I. 

At the time of delivery, the neonatal nasopharyngeal 
aspirate was obtained for this study. Forty-one of the 
45 aspirate samples were obtained from neonates after 
spontaneous vaginal delivery and four were obtained 
from infants who were delivered by cesarean section. 
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Table III. Analysis of amniotic fluid for 
presence of HPV DNA 
















HPV DNA pos. 





HPV DNA neg. 





Cesarean 


Cesarean 
Amniotic fluid SVD section section 
HPV DNA neg. 8 1 3 0 
HPV DNA pos. 2 0 0 0 
Total samples 10 I 3 0 


SVD, Spontaneous vaginal delivery. 


*Mothers were considered to have positive results if either 
their first- or third-trimester sample of cervical cells was pos- 
itive for HPV DNA. 


The nucleic acids were extracted from these samples 
and assayed for the presence of HPV DNA (Fig. 1). 
The hybridization results have been compared with 
the hybridization results obtained from the respective 
mothers (Table IJ). 

HPV DNA was detected in 15 of the 41 (36.5%) na- 
sopharyngeal samples obtained from babies who were 
delivered vaginally. No viral DNA was detected in the 
four samples obtained from babies delivered by cesar- 
ean section. Four nasopharyngeal samples that were 
positive for HPV DNA were from babies whose moth- 
ers’ first- and third-trimester examination results were 
negative for HPV DNA. One of these mothers had 
cytologically positive results for HPV (condylomatous 
atypia) during her first-trimester examination; two 
mothers’ results were positive for HPV DNA in a 
sample of exfoliating cervical cells obtained during her 
first postpartum examination (see accompanying article 
pp. 50-5). 

A sample of amniotic fluid from artificially ruptured 
membranes was obtained from 13 mothers. Total DNA 
was extracted from these samples and analyzed for the 
presence of HPV DNA (Table ITT). One sample of am- 
niotic fluid was obtained from a patient undergoing 
elective cesarean section. The two samples from arti- 
ficially ruptured membranes that were positive for 
HPV DNA were cbtained from patients who also had 
positive results for HPV DNA in their cervical cells. 


Comment 
We have demonstrated the presence of HPV DNA 


in the oral cavity in 11 of the 23 (47.8%) children who , 


were delivered vaginally from mothers who had de- 
tectable levels of HPV DNA in cervical cells. The pres- 
ence of viral DNA does not in itself imply the presence 
of infectious virus, but it does demonstrate a mecha- 
nism by which the virus could be transmitted at the 
time of birth. The commercially available polyclonal 
antibody which recognizes papillomavirus capsid pro- 


tein should be used, in complementary experiments, to 
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detect HPV capsid protein in the nasopharyngeal as- 
pirate. In addition, this study did not make use of a 
matched nonpregnant control group; such a control 
group should be part of any subsequent follow-up 
study. 

It is difficult to explain the four nasopharyngeal as- 
pirates that were positive for HPV CNA when maternal 
cervical cells were negative for HFV DNA. However, 
as noted, three of the four mothers Aad either cytologic 
evidence of HPV infec-ion or detection of HPV DNA 
in cervical samples obtained post partum. The observed 
fluctuations of detectable HPV DNA in exfoliated cer- 
vical cells (see accompanying article pp. 50-5) may ex- 
plain the last case, in which HPV DNA was detected in 
the neonate but not in the mother. 

The two positive samples from artificially ruptured 
membranes could have resulted from contamination of 
the amniotic fluid by vaginal secretions during the sam- 
ple collection. However, a recent report’® described 
HPV DNA associated with foreskins obtained within 3 
days of birth from infants who had routine circumci- 
sion. The authors of this report argue that the HPV 
DNA was the result of a viral infection instead of re- 
sidual HPV DNA from the maternal vaginal secretions 
at the time of birth. This explanation would suggest 
that the HPV infection of the foreskin occurred 
in utero. The presence of HPV DNA in the amniotic 
fluid also suggests that transmission of the virus can 
occur in utero. The small number o7? NAROM samples 
and the probability of contamination of these samples 
with cervical or vaginal secretions prevent us from mak- 
ing a definitive interpretation of these data. To alleviate 
the problem of contamination of these samples, this 
part of the study should be repeated with amniotic fluid 
collected transabdominally. 

A number of HPV types in addition to HPV-6 and 
HPV-11 have been found in oral lesions, including 
HPV-13,' HPV-16,?* and HPV-32,” and in laryngeal 
carcinomas, HPV-30.* In our study, 12 of the 25 (48%) 
HPV DNA-positive cervical samples contained HPV 
types 16 or 18 in their cervical cells; nine of the 25 
(36%) were of an undetermined HPV type. Therefore 
any HPV type that demonstrates a tissue specificity for 
oral and anogenital mucosa can be transmitted from 
mother to neonate at birth. 

No cervical sample used in this study contained HPV- 
6 or HPV-11 DNA, and no attempt was made to de- 
termine the HPV types associated with the nasopha- 
ryngeal samples. No biopsies were performed on vag- 
inal or vulvar epithelial tissue. If the population size 
was increased, and it included patients with exophytic 
condyloma of the vulva or vagina (which usually contain 
HPV types 6 or 11”), then the probabilty of detecting 
these viral types in the nasopharyngeal aspirate would 
increase. In juvenile oral lesions, HPV-6 and HPV-11 
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types are associated with juvenile-onset laryngeal pap- 
illomatosis, a rare but potentially dangerous disorder. 
The results from this study define a perinatal trans- 
mission of HPVs for the first time. Therefore children 
born to mothers with overt condyloma may warrant 
DNA hybridization analysis of their nasopharyngeal as- 
pirates. The information obtained may help in subse- 
quent detection and management of children with 
juvenile-onset laryngeal papillomatosis. 


We thank J. Cohn (Department of Orthopedics, 
Pennsylvania Hospital) and K. Kushner (Department 
of Pathology, Pennsylvania Hospital) for expert help in 
data presentation. We also thank R. Unger (Hospital 
of the University of Pennsylvania, Department of Ob- 
stetrics and Gynecology) for critically reviewing this 
manuscript, and Microprobe Corp. of Bothell, Wash., 
for providing HPV-33 and HPV-35 molecular probes. 
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A ten-year experience treating cervical intraepithelial neoplasia 


with the CO, laser 


Michael S. Baggish, MD, James H. Dorsey, MD, and Mark Adelson, MD 
Syracuse, New York, and Baltimore, Maryland 


Between 1977 and 1987, the CO, laser was used to treat 4024 women who were diagnosed by cytology 
studies, colposcopy, and biopsy examination to have cervical intraepithelial neoplasia. On the basis of 
specific indications, these women were treated by vaporization, excisional conization, or combination 
conization procedure. The evolution of methodology for each laser technique was based on specific 
pathophysiology and long-term observation of results. A total of 3070 patients underwent vaporization, 
2881 of whom had no evidence of disease after one laser exposure (93.8%). Of the 954 patients who had 
laser excisional procedures, 925 (97%) had no evidence of disease. The most common complications 
observed were intraoperative and postoperative bleeding; however, sutures were required in only 1.34% of 
the latter. The risks of cervical stenosis (1.1%), incompetent cervix (0%), and pelvic infection (0.05%) were 


very low. This 10-year study demonstrated that the CO, laser was a highly effective method for treating 
cervical epithelial reoplasia and had the added benefit of preserving reproductive function and anatomic 


integrity. (AM J OssteT GYNECOL 1989;161:60-8.) 


Key words: Laser, CO, laser, cervical epithelial neoplasia, cervical neoplasia 


The early diagnosis and subsequent treatment of 
preinvasive neoplasia of the cervix result in a greatly 
diminished risk of invasive disease and preservation of 
cervical function and anatomy. Numerous radical and 
conservative therapeutic techniques have been advo- 
cated during the past 30 years; however, in recent years 
the trend has been directed toward outpatient meth- 
odology associated with local or no anesthesia. Al- 
though tissue-conserving treatment programs have 
both advocates and detractors, the question of equiv- 
alent efficacy remains a point of controversial conten- 
tion. Townsend et al.’ showed that inaccurate pretreat- 
ment assessment. invariably leads to faulty diagnosis, 
improper selection of therapy, and subsequent discov- 
ery of invasive carcinoma. . 

The evolution of conservative therapy began in the 
1950s and 1960s with sharp conization, continued with 
cryosurgery during the late 1960s and throughout the 
1970s, and culminated with the advent of CO, laser 
surgery in the past decade. Initially, the laser appeared 
to have little advantage over less complex, albeit less 
precise, methodclogy. However, as time passed and ex- 
perience with the new modality was gained, therapeutic 
results sharply improved. 

The purpose of this article is to provide data based 
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on one of the largest case series ever assembled that 
used the CO, laser as the singular therapeutic entity 
and present follow-up results over a 10-year time 
period. 


Material and methods 


Between 1977 and 1987, 3070 women underwent 
CO, laser vaporization and were followed-up for a min- 
imum of 1 year. Every woman had a confirmed histo- 
pathologic diagnosis of cervical intraepithelial neopla- 
sia ranging in grade from 1 to 3; 954 patients similarly 
diagnosed with cervical epithelial neoplasia 1 to 3 had 
laser excisional or combination conization from 1979 
to 1987. The minimum follow-up period was 1 year 
(321 patients); 1104 women were followed by =1 to 5 
years and 2599 patients were followed 25 to 10 years. 
All laser procedures were carried out at one of four 
hospitals: Crouse-Irving Memorial Hospital, Syracuse, 
N.Y.; Greater Baltimore Medical Center, Baltimore, 
Md.; Mount Sinai Hospital, Harzford, Conn.; State 
University of New York Health Science Center— 
University Hospital, Syracuse, N.Y. Of the 4024 pa- 
tients, 3098 were white, 845 were black, and 81 were 
Hispanic or Oriental. Patient ages ranged from 14 to 
81 years (mean age, 26.2 years). 

Patients were referred either from colposcopy clinics, 
private offices, or general gynecology clinics because of 
abnormal cytologic studies or less commonly after a 
biopsy diagnosis of cervical epithehal neoplasia. Every 
patient underwent a repeat colpascopic examination 
and one or more colposcopically dizected biopsies. The 
endocervical canal was investigated. by either blind en- 
docervical curettage or endoscopic examination of the 
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Fig. 1. Three-dimensional view of cervix reveals an abnormal 
transformation zone (white epithelium and mosaic) at 6- 
o'clock position, Laser vaporization is performed by cleaving 
plane on plane of tissue until a depth of 7 mm is reached. 


Note projection of endocervical clefts after the upper one half 


of the cervix has been vaporized. The 3 mm margin is de- 
signed to take into account possible penetration of neoplasia 
into the underlying crypts. Projection of the endocervical canal 
toward the internal os is seen as the shaded area. 


canal followed by directed endocervical biopsy. The 
latter procedure was carried out by means of a small 
endoscope that was inserted into the cervical canal after 
swabbing or irrigating the mucosa with 4% acetic acid. 
Lesions were schematically mapped, and the geo- 
graphic extent was sketched, with specific notation 
made of any endocervical or vaginal extension. 

Additionally cultures were obtained for the deter- 
mination of gonorrhea and Chlamydia beginning in 
1983. Women with positive cultures were treated with 
a 2 gm injection of spectinomycin or 500 mg of tetra- 
cyeline (or equivalent) orally administered four times 
per day for 10 days, respectively. 

Forty percent of laser vaporizations were performed 
in the office, whereas 1873 patients (60%) underwent 
surgery in the outpatient operation room. Fifty laser 
conizations have now been done in the office under 
local anesthesia; the remainder were performed in the 
outpatient operating room. 

Patients undergoing laser vaporization in the office 
received ibuprofen (Motrin), 400 to 600 mg, 30 minutes 
before vaporizaton. All patients received suitable in- 
formed consent and were previously given an infor- 
mational booklet describing the details of laser treat- 

“ment-and. postoperative routines. 
von. this:series 1520 patients had no anesthesia for 
vaporization, FIEL patients had local anesthesia, and 
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Fig. 2. Cervical vaporization is finished off by setting the lo- 
cation of the new external os. This is accomplished by vapor- 
izing a 2. mm trench just peripheral to the endocervical margin 
and is facilitated by placing a moistened cotton-tipped appli 
cator into the canal (A). Next, the everted mucosa is vaporized 
away (clipping) (B), resulting in ablation of addition 2 to 3 mim 
of tissue (C). 


439 patients had general anesthesia. For laser excisional 
conization 304 patients had local anesthesia and 650 
underwent general anesthesia. 

Several types of CO, laser equipment were used dur- 
ing the years patients were treated, including (1) Co- 
herent 400, (2) Cavitron A0300, (3) Cooper Lasersonics 
500Z, (4) Sharplan 733 and 1100, (5) Xanar XA50, and © 
(6) Minnesota laser, Portalase 200. Current laser equip- 
ment used for the treatment of cervical intraepithelial 
neoplasia has a variable spot feature incorporated im 
the construction of the micromanipulator, a microscope 
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Fig. 3. Geometry of excisional cervical specimens depends on characteristics of geography of neo- 
plasia. a, Most common configuration of a laser excisional cone. Base measures about 1.5 to 2 cm 
and height measures 2 cm. b, Broad-based cone measuring 2 to 2.3 cm with a height of approximately 
l to 1.2 cm. c, Narrow cylinder made in conjunction with peripheral vaporization (laser combination 


cone) measures about | by 1.5 cm. 


Table I. Criteria for performance of laser vaporization and conization 








Laser vaporization 
(all must be satisfied) 





Lesion must be ectocervical in location 

Lesion must be proved by biopsy ex- 
amination to be intraepithelial 

Endocervical canal must be estab- 
lished to be free of disease by nega- 
tive endocervical curettage or nega- 
tive endoscopic examination of 


canal 








Laser conization 
(any one) 


Lesion extends into endocervical canal 

Directed biopsy specimen suggests possi- 
ble stromal invasion 

Endocervical sampling reveals neoplastic 
tissue within canal 

Papanicolau smear/biopsy disparity exists* 





*A thorough vaginal colposcopic examination has been performed. 


with multiple magnification settings, and superpulse 
capability. Although several micromanipulators permit 
spot (beam diameter) reduction to 0.2 to 0.3 mm at 10 
‘to 20. W, practically minimum spots delivered at 30 to 
40 W of power ranged from 0.4 to 0.5 mm diameter. 
First-generation lasers produced fixed spots of 1.5 to 
2.0 mm diameter. Power capabilities ranged from | to 
100 W. 


Technique for vaporization. Table I lists the criteria 
for laser vaporization. With a power density of ap- 
proximately 500 to 800 W/cm? (20 W with 1.5 to 2 mm 
spot), a 3 mm margin was traced along the peripheral 
extent of the abnormal transformation zone. Laser 
power was turned up to 30 to 60 W depending on the 
equipment used, and vaporization was carried out in | 
to 2 mm planes that used a small circular technique by 
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Fig. 4. Easiest method for performing a combination cone is to first vaporize peripheral extent of 
biopsy that established intraepithelial neoplasia. Next, central core of cervix is excised to a depth of 
approximately 1.5 to 2.0 cm. Since half the surrounding tissue (7 mm) has already been vaporized, 
excisional part of operation may be quickly completed. 


manipulating the joy stick in a clockwise or counter- 
clockwise motion. Planes were cleaved until a central 
depth of 7 mm was reached (Fig. 1). Depth was mea- 
sured by use of a measuring rod device and by relating 
to the surrounding surface epithelium of the cervix. 
Char material was swabbed out of the crater by means 
of large cotton swabs soaked with 4% acetic acid. Next, 
a small cotton-tipped applicator was inserted into the 
endocervical canal. Laser power was reduced to 15 to 
20 W, and the laser spot was decreased to approxi- 
mately | to 1.5 mm spot diameter. The collagenous 
stroma in juxtaposition to the endocervix was shallowly 
vaporized, causing the endocervical mucosa to evert 
(buttoning); next, 2 to 3 mm more of the endocervix 
was narrowly vaporized (clipping) (Fig. 2), Thus the 
margin of endocervix could be placed wherever the 
operator desired; generally the squamocolumnar junc- 
tion was located just inside the anatomic external os. 
The net result was a vaporization cone approximately 
9 mm in depth that was narrower at the apex and widest 
at the ectocervical margin. 

Technique for excisonal conization. Cones were al- 
ways performed by means of the microscope and mi- 
cromanipulator. The geometric shape of the excision 
cone specimen was governed by the extent of the ab- 
normal transformation zone. Table I lists the expanded 
criteria for performing excisional conizations. A thor- 
ough colposcopic examination was performed before 
conization. After the abnormal transformation zone 
was identified, utilizing power densities of 800 W/cm’, 
1 to 1.5 mm trace spots were placed into the cervix with 
no anesthesia, allowing a 3 mm margin peripheral to 


the abnormal tissue. Next, a 1:30 vasopressin local an- 
esthetic (1% lidocaine) mixture was injected directly 
and shallowly into the substance of the cervix under 
pressure. No stay sutures whatsoever were placed into 
the cervix. Fig. 3 shows several cone configurations 
used during this study. With the help of a specially 
designed 10-inch titanium laser hook, the tissue was 
manipulated to achieve the appropriate sculpted effect. 

Power was turned up to 30 to 60 W if available on 
the laser equipment; however, cones could be per- 
formed effectively at 20 W. Spots were adjusted to 0.3 
to 0.5 mm. An incision was made by moving the mi- 
cromanipulator slowly connecting the trace spots. This 
initial incision usually penetrated 5 to 7 mm into the 
depths of the cervical connective tissue. The endocer- 
vical margin was cut off with a sharp scalpel or a su- 
perpulsed laser beam. 

Technique for combination conization. When cer- 
vical intraepithelial neoplasia extended far out onto 
the portio involving three to four quadrants or spread 
onto the vaginal mucosa and also involved the endo- 
cervical canal, a narrow excisional cone, that is, | cm 
in diameter, was combined with ectocervical vapori- 
zation. 

Method 1. The ectocervical (vaporization) margin and 
cone margin were traced with laser impact spots. Power 
was adjusted to 20 to 60 W, depending on the equip- 
ment; the spot increased to 2 mm diameter and va- 
porization was carried to a depth of 7 mm, banking off 
to 4 mm on the farther periphery of the ectocervix, 
then to just under | mm as the vagina was approached. 

The laser hook was placed into the margin of the 
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Table II. CO, laser vaporization (N = 3070) 





Grade | 741 675 (91.1) 
Grade 2 1048 978 (93.3) 
Grade 3 1281 1228 (95.9) 


NED (%) Persistence (%) 


63 (6.0) 
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Recurrence (%) 


Progression (%) 





25 (3.4) 41 (5.5) 0 
6 (0.6) 1 (0.1) 
45 (3.5) 7 (0.5) 1 (0.1) 





CIN, Cervical intraepithelial neoplasia. 
NED, No evidence of disease. 


Table III. CO, laser excisional and combination cones (954) (follow-up: 12 to 96 months) 





Negative margin 


yrade | 48 48 
Grade 2 301 285 
Grade 3 605 548 


GIN, Cervical intraepithelial neoplasia. 
NED, No evidence of disease. 
*Three patients developed recurrence. 

















Posittwe margin Invasive 





NED (%) 





0 48 (100) 0 
16* 290 (96.3) 0 
57+ 587 (97) 4t 





- t Eleven patients had persistent or recurrent disease; one patient lost to follow-up returned 3 years later with invasive disease. 
One patient had prior conization and was lost to follow-up for 3 years; three patients had diagnosis of invasion at time of 


conization. 


cervical remnant to be excised, usually beginning at the 
< 12-0'clock position. Essentially 7 mm of the 1.5 cm por- 
“tion of the central remanant of the cervix had already 
been removed (Fig. 4). A small excisional conization 
_ was carried out. The coned specimen measured ap- 
“proximately 1 by 1.5 cm. Obviously, the ectocervical 
margin of this narrow cone will always show cervical 
` epithelial neoplasia. 
. Method 2. The two series of trace spots were placed 
_ into the cervix as described in method 1. In this instance 
a the laser excisional conization. was performed by first 
removing the 1 by 1.5 cm cylindric specimen. Next, the 
-peripheral vaporization was carried out. The operative 
‘site was finished off in the same way as previously de- 
“scribed (method 1). 


“Results 
Vaporization. Of the 3070 women who underwent 
a single laser vaporization, 2881 (94%) showed no ev- 
idence of disease after at least a 1-year follow-up period. 
‘Interestingly, the best results were obtained in the 1281 
women diagnosed with grade 3 cervical intraepithelial 
-neoplasia (ne evidence of disease, 96%). Table IL pro- 
_ vides details of these treatment results by grade of dis- 
ease. Persistence was seen in all grades of cervical in- 
_ traepithelial neoplasia and totaled 133 women (4.3%); 
127 of the 133 patients (95%) with persistent disease 
had-condylomatous disease with or without atypia; only 
six cases of true cervical epithelial neoplasia were di- 
agnosed. Recurrence was observed almost exclusively 
in the grade 1 cervical intraepithelial neoplasia group 
and always took the form of flat condyloma. Progres- 


sion. was identified in only two patients (0.065%). 


Excisional conization. Seventy-three women who 
underwent laser excisional conization had disease that 
extended to the margin or had an indeterminate mar- 
gin, and 881 (93.4%) had negative margins (Tables III 
and IV). Four cases of invasive carcinoma, one case of 
microinvasive epidermoid, two cases of. epidermoid, 
and one case of adenocarcinoma were diagnosed after 
section and pathologic evaluation of the cone specimen. 
The one case of epidermoid carcinoma was diagnosed 
in a patient who had positive margins (initial diagnosis 
was grade 3 cervical intraepithelial neoplasia.with pos- 
itive endocervical margin) and did not. return for 
follow-up examination for 3 years. She subsequently 
appeared at a neighboring clinic because of vaginal 
bleeding and was referred back to the colposcopy clinic 
where a directed biopsy specimen showed invasive epi- 
dermoid carcinoma. Clinical staging of these invasive 
cases revealed the last case to be stage ILA; the re- 
maining two epidermoid carcinomas were stages IA 
and IB; the adenocarcinoma was a very superficially 
invasive (“microinvasive”) lesion with no vascular in- 
volvement. Follow-up of the remaining 69 cases with 
positive margins revealed that 44 had no evidence of 
disease 3 to 7 years after the initial operation. Twenty- 
five women had persistent or recurrent abnormal cy- 
tologic studies, which prompted subsequent biopsy and 
repetitive therapy. Thirteen women had repeat coni- 
zation: four showed no disease on the sectioned spec- 
imen, three showed condylomatous atypia; one showed 
grade 2 cervical intraepithelial neoplasia: cand: five 
showed grade 3 cervical intraepithelial neoplasia. One 
cone again showed indistinct margins, and the patient 
continues to be followed carefully by colposcopy and 
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Fig. 5. When intraoperative bleeding occurs during laser surgery of the cervix, the easiest manner 
of dealing with the problem is to coagulate the vessel before it reaches the crater. The laser beam 
is aimed peripherally from the bleeding site, laser spot is enlarged (power density reduced), and 
coagulation of the traversing vessel is accomplished. 


cytologic studies. The 12 women who had hysterec- 
tomy showed residual cervical intraepithelial neoplasia: 
grade 1, one case; grade 2, one case; grade 3, eight 
cases; and no disease in two cases (Table IV). 

In the final analysis, 954 women fulfilled the criteria 
for laser excisional conization, and 925 (97%) had no 
evidence of persistent or recurrent disease during 
follow-up examination of up to 8 years’ duration 
(Table V). 

Complications, Bleeding was the most common com- 
plication observed during vaporization and excisional 
procedures. The most frequent sites for intraoperative 
bleeding during vaporization were the two posterior 
quadrants of the cervix and was most frequently ob- 
served in cervices showing histologic evidence of acute 
cervicitis and neoplasia. Light bleeding was easily con- 
trolled by defocusing the laser beam to a >2 mm spot, 
thus coagulating the vessel peripheral to the crater 
and sealing it off before its entrance into the crater 
(Fig. 5). Arterial pumping hemorrhage was more com- 
monly (3.5%) associated with laser conization proce- 
dures but also was seen during vaporization (3%). Su- 
turing the vessel under colposcopic guidance with 3-0 
Vicryl in a figure-of-eight fashion proved to be the 
simplest and most direct approach. 

Delayed bleeding was most frequently observed af- 
ter laser: vaporization. This problem was usually self- 
limited and occurred 4 to 10 days after vaporization. 
In 170:cases this bleeding persisted more than 48 hours 
(vaporization group). Of the 170 cases, 142 were con- 


Table IV. Seventy-three cases of laser 
conization with positive margins 


Invasive disease 4 
No further treatment 44 
Repeat conization 13 
Hysterectomy 12 





trolled by the application of Monsel’s solution to the 
bleeding vessel. In 38 cases the placement of one or 
two sutures was required. Twenty-five patients contin- 
ued to have light bleeding for 3 to 4 weeks. In this 
subset healing occurred without interruption, and the 
bleeding eventually stopped spontaneously. 

Postexcisional conization bleeding was seen less fre- 
quently than after vaporization. In 31 cases bleeding 
continued unabated after 7 to 10 days. In 16 cases 
sutures were required; 15 cases responded to laser co- 
agulation or the application of Monsel’s solution. Com- 
paring significant delayed laser bleeding by method- 
ology, the relative risk after vaporization was 1.7 times 
greater than that after conization. 

Two cases of pelvic infection were observed in the 
entire series. One woman was observed to have a fever 
of 102° F 48 hours after laser combination cone. On 
examination she had a purulent cervical discharge and 
abdominal pain, together with direct and rebound ten- 
derness. The patient was admitted and treated with 
intravenous antibiotics and discharged home within 4 
days after admission. The second patient developed a 
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general febrile reaction within 2 hours of the laser va- 
porization. A temperature of 101.8° F was associated 
with shaking chills. The patient was admitted and 
treated with intravenous antibiotics. By 8:00 PM on the 
evening of surgery, she was afebrile. Blood cultures 
subsequently revealed B-hemolytic streptococcus. She 
was sent home after 24 hours on oral antibiotics. 

Pain was not a significant factor after surgery. 

A pink or watery blood-tinged discharge peaked at 
72 to 96 hours after laser vaporization. The discharge 
gradually diminished over the next 7 days and disap- 
peared. Blood-tinged discharge lasted as long as 2 
weeks after laser excisional procedures. A small num- 
ber of patients (=0.5%) had discharge persisting be- 
yond 3 weeks. 

. No case of an incompetent cervix was seen. 

Cervical stenosis, which was defined as scarring and 
narrowing of the endocervical canal such that the open- 
ing of the canal measured <2 mm in diameter, was 
observed in 15 cases after the combination conization. 
In addition, 24 cases were seen after simple excisional 
conization. Stenosis after vaporization was uncommon 
and was noted in only six cases. 


Comment 


The treatment of cervical disease was one of the ear- 
liest applications of laser technology in gynecology. Be- 
tween 1977 and 1987 numerous articles were published 
in the peer-review literature citing experience with the 

CO, laser as a method for eradicating cervical intra- 
epithelial neoplasia.” Early treatment programs at- 
tempted to focally treat cervical intraepithelial neopla- 
sia, penetrated to depths of only 2 to 3 mm, failed to 
consider peripheral margins, vaporized disease in the 
endocervical canal, and used low-power densities. On 
the basis of the early work of Jordan and Mylotte,”” 
Baggish,"’ Masterson et al? Bellina et al,” and An- 
derson," the entire transformation zone was first va- 
porized to a depth of 5 mm and then later to 7 mm. 
A peripheral margin of 3 mm was established to take 
into account the deep penetration of neoplastic cells 
into the endocervical crypts to a depth of 2.92 mm (95% 
of cases samples). Burke” substantively demonstrated 
that the treatment results improved when endocervical 
extension of cervical epithelial neoplasia was excluded 
from treatment by vaporization. 

The data presented here represent the pinnacle of 

10 years of evolution and the development of CO, laser 
vaporization into a fine art. Few conservative techniques 
can match the results of laser ablation of cervical epi- 
thelial neoplasia, considering that the disease can be 
treated in the office, the method requires no anesthesia 
or only local anesthetic. injection, and no selection is 
made for grade-of cervical intraepithelial neoplasia or 
extent of geographic spread. The final product of this 
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precise technique is, in fact, equivalent to a` 1 shallow 
conization procedure. 

The buttoning (eversion of aan margin) 
technique was performed between 1979 and 1983 and 
was originally conceived because of the fear of cervical 
stenosis, As cases were followed over the years, the risk 
of stenosis proved to be small; however, many women 
developed prolapse of the endocervical mucosa.!” This 
endocervical protrusion resulted in vaginal discharge 
and contact bleeding. Since 1983 the everted endo- 
cervical mucosa was clipped, that is, precisely vaporized 
to a further depth of approximately 3 mm. The end 
result was the creation of a conical crater approaching 
1 cm in depth with the subsequent squamocolumnar 


junction located at the anatomic external os. 


Using high-power densities, that is, 1000 W/cm’, re- 
sulted in reduced thermal injury, predictable healing, 
and rapid attainment of appropriate crater depth.’ The 
last item is important because as cellular injury occurs 
as a result of the thermal action of the laser, water 
rapidly diffuses into injured tissue and produces swell- 
ing. Therefore slow laser vaporization with low-power. 
densities results in the crater “filling in” before com- 
pletion of treatment. In actuality more tissue is lost and 
greater peripheral heat damage results if the appro- 
priate specifications are not followed. Compared with 
other conservative treatment techniques, the laser of- 
fers many advantages, Cryosurgery cannot be properly 
tailored to the geographic extent of the neoplastic le- 
sion. The therapeutic results of this methodology also 
falter when grade 3 cervical intraepithelial neoplasia is 
treated. In addition, when one finishes, a cryosurgical 
procedure, the depth of treatment, and the peripheral 
margins are inexact. The technique of radical electro- 
coagulation of cervical intraepithelial neoplasia with 
needle-and-ball cautery yields results similar to those 
of the laser but requires general anesthesia, can pre- 
cipitate a high volume of blood loss, and is clearly the 
antithesis of controlled, precise, limited tissue trauma. 
The cold coagulator is less expensive, more effective, 
and less traumatic than the radical electrocautery; how- 
ever, to date a small number of cases has been reported 
at a limited number of centers. 7 

Pesky intraoperative bleeding occurred in approxi- 
mately 8% to 10% of cases, especially early in the series. 
The ability to rapidly defocus the laser beam by using 
the variable spot feature controlled this problem rap- 
idly and effectively. In addition, the technique of co- 
agulating the offending vessel peripherally, that is, be- 
fore it enters the crater, has proved to be the very best 
method for controlling this problem. 

The presence of chlamydial -cervicitis by culture: or 
serologic studies or biopsy evidence of acute cervicitis 
premonitored an increased chance of immediate and 
delayed bleeding. Pretreatment of these infections with 
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tetracycline or other appropriate antimicrobials re- 
duced the risk of bleeding by 50%. The risk of infection 
after laser surgery of the cervix was predictably small, 
that is, 0.05%. Theoretically the heat of vaporization is 
100° C, and temperatures of 800° C have been mea- 
sured when incandescence is produced (burning off 
carbon). Survival of bacteria and viruses is doubtful 
when exposed to such high temperatures. 

The efficacy of CO, laser elimination of cervical ep- 
ithelial neoplasia was documented by the absence of 


disease in 94% of women who underwent vaporization. 


Those patients who had persistent or recurrent disease 
were almost universally (95%) diagnosed to have con- 
dylomatous disease of the cervix rather than intraepi- 
thelial neoplasia. This finding was not surprising, since 
one would hardly expect long-established sexual habits 
to rapidly change. Likewise, the skewed numbers of 
local recurrence and persistence in the grade 1 cervical 
intraepithelial neoplasia subset may possibly hinge on 
the basis that most of these cases were actually con- 
dylomatous disease initially. In addition, the human 
papillomavirus was likely to be present in cells within 
the endocervical canal above the area of treatment and 
in the surrounding vagina. The diminished number 
of persistent and recurrent cases observed in the grade 
3 cervical intraepithelial neoplasia group may be ex- 
plained on the basis that this grade of disease is usually 
more extensive geographically and the laser surgery 
more radical and expansive. 

For many years the specifications for laser vaporiza- 
tion were erroneously based, that is, the 7 mm depth, 
toward the goal of ablating the possibly involved en- 
docervical glands. This hypothesis was, of course, in- 
accurate, since the depth of vaporization was actually 
determined by trial and error rather than by a precon- 
ceived plan. The logic behind sufficient depth of treat- 
ment more accurately related to the “gold standard” 
of conization and the fact that the proximal 1 cm of 
the canal contained the most likely cell population at 
risk for progression of cervical epithelial neoplasia." 
Clearly, the best treatment results in all studies of con- 
servative therapy for cervical epithelial neoplasia were 
witnessed in women undergoing excision cones. The 
only difference between this procedure and laser va- 
porization was the depth to which tissue was removed. 
Vaporization produced a defect not dissimilar to a small 
cone. The possible neoplastic involvement of the en- 
docervical clefts was accounted for in the wide periph- 
eral margin. Since the extension of these clefts onto the 
portio eventuated in a greater peripheral incursion into 
the stroma than was seen in those clefts emanating from 
“the canal proper, the 3 mm margin of vaporization was 
more than adequate to provide for their elimination. 
“It follows that the. routine performance of large 
o cylinder—shaped cones to treat intraepithelial neoplasia 
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Fig. 6. Larger cylindric cervical excisions performed with a 
tightly focused laser beam may presenta hazard of penetration 
into abdominal cavity, especially in acutely retroflexed or an- 
teflexed uterus (A). This complication may be avoided by 
sculpting the specimen in a conical or semi-conical shape (B). 


makes little sense because nothing is accrued toward 
greater cure rates (Fig. 6); rather, a larger volume of 
stroma is sacrificed for no useful purpose. 

In a previous publication the risk of complications 
between laser vaporization and laser excisional coni- 
zation was compared.” That study demonstrated very 
little difference between the two procedures other than 
the excisional procedure required a few minutes longer 
to complete. Both operations were done safely in the 
office under local anesthesia. The mean blood loss for 
both excisional cone and vaporization was equal. The. 
major weakness of the vaporization technique was that 
the operation did not produce a specimen for the pa-. 
thologist, whereas the excisional procedure provided a 
very ample sample of tissue. 

In conclusion, CO, laser techniques for vaporizing 
cervical intraepithelial neoplasia are relatively easy to 
master; however, the finer points of microsurgical laser 
finishing and excisional procedures are skill related. 
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-The abilities to appropriately adjust spot size, power 
density, and vary mode require experience. The final 
results of laser surgery as mirrored in this report clearly 
relate to the aforementioned. Individual surgeons must 
adjust power and more important power density rel- 

ative to their ability to safely control beam velocity. 
Overall control must predominate over all other laser 
delivery parameters. 
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Fear from breakthrough b eeding 
can interrupt OC use. 


“I was scared... 
I didn't know what to do... 
So I just said forget it ... 
I’m better off without it...” 





data on file. 





While the other miphasics have been 
the issue _ 
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6.5% ORTHO-NOVUM® 7/7/7' 


29.9% 


Levonorgestrel andj ‘ethinyl estradiol tablets—Thiphasic regimen 
& ab and 28-day regimens 


MINIMIZES BTB... . FROM DAY 1 


* Serious as well as minor adverse reactions have been reported 
following the use ofall oral contraceptives. See prescribing 
information. 

t Norethindrone/ethinyt estradiol triphasic regimen, Ortho 
Men ae Corporation: a 





IN BRIEF: 
TRIPHASIL ®—-6 brown tablets containing 0.050 mg levonorgestrel with 0.030 mg ethinyl estradiol; 5 white tablets 


containing 0.075 mg levonorgestrel with 0.040 mg ethinyl estradiol; 10 light-yellow tablets containing 0.125 
evonorgestel with 0.030 meetin estradiol (7 light-green tablets Aeh ih inert ingredients are iacluded whe 
28-day tegimen)-— Triphasic regimen, 


indications and TRIPHASIL ® is indicated for the prevention of pregnancy in women who elect to use oral 
sontraceptives (OC's) as a method of contraception. 
vontraindications--0C’'s should not be used in women with any of the following conditions: 1. Throimbophiebitis 

» thromboembolic disorders. 2. A past history of dèep-vein thrombophlebitis or thromboembolic disorders. 

}. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or sus- 
rected hehe ie at neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
see Warning No. 5). 8. Benign or malignant liver tumor which developed during use of OC's or other estrogen- 
‘ontaining products. 
Warnings 





{ile iat increases wih age ond with ireke 
or more per 
in women over 35 year of age. Women won us oral sotracepives shouldbe song 
The use of oral comracaptives i associated with increased risk of several serious conditions, including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, Ballbiadier disease, hypertension. 
iti following information relating to 


use. 
marked 
net 


Practitioners prescribing oral contraceptives should be familiar with 





. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic 
isease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the US. 
ave demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and 
wombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
iseases without evident cause. 
EREBROVASCULAR DISCRDERS—In a collaborative American study of cerebrovascular disorders in women with 
nd without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
yan nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
IYOCARDIAL INFARCTION (MI}—An increased risk of MI associated with the use of OC's has been reported. 
onfirming a previously suspected association. These studies, conducted in the UK, found, as expected, that the 
teater the number of underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hyper- 
holesterolemia, obesity, di , history of pre-eclamptic toxemia) the higner the risk of developing Mi, regardiess 
! whether the patient was an OC user or not. OC's, however, were found to be a clear additional risk factor. In terms 
relative risk, it has been estimated that OC users who do not smoke (smoking is considered a major Fredisposing 
Ondition to Mi) are about twice as likely to have a fatal Mi as nonusers who do not smoke. OC users who are also 
mokers have about a 5-fold increased risk of fatal MI compared to users who do not smoke, but about a 10- to 12- 
Nd increased risk compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important 
ictor. In determining importance of these relative risks, however, baseline rates tor various age groups must be 
iven serious consideration. importance of other predisposing conditions mentioned above in determining relative 
xd absolute risks has not as yet been quantified; quite likely the same synergistic action exists, but perhaps to a 
sser extent. 
ISK OF DOSE -in an analysis of data derived from several national adverse-reaction reporting systems, British 
‘vestigators concluded that risk of thromboembolism, including coronary thrombosis. is directly related to dose 
‘estrogen in OC's, Preparations containing 100 meg or more of estr were associated with higher risk of 
‘romboembolism than thase containing 50-80 mcg. Their analysis did suggest, however, that quantity of estrogen 
ay not be the sole factor involved. This finding has been confirmed in the U.S. 
STIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the 
K estimated the mortality rate per 100,000 women per year from diseases of Circulatory system for users and 
anusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually from 
rculatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34--5/100,000; ages 35-44—33/ 
10,000; ages 45-49--140/100,000). risk being concentrated in older women, in those with ong duration of use 

1d in cigarette smokers. It was not possible, however, to examine interrelationships of age, smoking. and duration 
use, nor to compare effects of continuous vs. intermittent use. Although the study showed a 10-told increase 
death due to circulatory diseases ir users for 5 or more years, ali these deaths occurred in women 35 or older. 

Atl larger numbers of women under 35 with continuous use for 5 of more years are available, it is not possible to 
‘Sess magnitude of relative risk for this younger group. Available data from a variety of sources have been ana- 

ted to estimate risk of death associated with various methods of contraception, Estimates of risk of death for each 
athod include combined risk of contraceptive method (e.g. , thromboembolic and thrombotic disease in the case of 
2's) plus risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effective- 
'ss of method. The study concluded that mortality associated with all methods of birth control is low and below 

at associated with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is 
‘sociated with condom or diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease 
sociated with OC's increases with age after about 30 and, for Mi, is further increased by hypertension, hypercho- 
sterolemia, obesity, diabetes, or history of pre-eclamptic toxemia, and especially Cigarette smoking. Physician and 
itient should be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.9., thrombaphiebi- 
i, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
fombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 6- 

id increased risk of postsurgery thromboembolic complications has been reported in OC users. If feasible, OC's 
ould be discontinued at least 4 weeks betore surgery of a type associated with increased risk of thromboembolism 
prolonged immobilization. 

RSISTENCE OF RISK OF VASCULAR DISORDERS—Findings trom one study in Britain involving cerebro- 

scular disease and another in the U.S. concerning Mt Suggest an increased risk of these conditions in users of 

2's persists alter discontinuation of the OC's. In the British study, risk of cerebrovascular disease remained 

sated in former OC users for at least 6 years after discontinuation. In the U.S. study, increased risk of MI 

‘sisted for at least 9 years in women 40 to 49 years old who had used OC's for 5 or more years. Findings in 

th studies require confirmation since they are inconsistent with other published information. 

Ocular Lesions-~There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis 
sociated with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or complete loss of 
iON, onset of proptosis or diplopia; papilledema: or retinal-vascular lesions, and institute appropriate diagnostic 

d therapeutic measures. 

Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
sreases tamno of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none 
trently contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in 
gs. In humans, 3 case-control studies have reported an increased risk of endometrial carcinoma associated with 
donged use of exogenous estrogen ia postmenopausal women. One publication reported on the first 21 cases 
bmitted by physicians to a registry of cases of adenocarcinoma of the endometrium in women under 40 on OC's. 
cases found in women without predisposing risk factors (e.g... irregular bleeding at the time OC's were first given, 
lycystic ovaries), nearly ali occurred in women who had used a sequential OC. These are no longer marketed. No 
dence has been reported suggesting increased risk of endometrial cancer in users of conventional combination or 
agestogen-onty OC's, Several studies have found no increase in breast cancer in women taking OC's or estrogens. 
e study, however, while also noting no overall increased risk of breast cancer in women on OC's, found an excess 
k in subgroups of OC-users with documented benign breast disease. Reduced occurrence of benign breast tumors 
users of OC's has been weil documented. in summary, there is at present no confirmed evidence from human 
idies of increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, never- 
Hess, essential. in ail cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
prose measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or 

breast nogales: fibrocystic disease, or abnormal mammograms should be monitored with particular care if they 

ct to use OC's. 

Hepatic Tumors—Benign hepatic adenomas have been found to be associated with use of OC's. One study 

wed that OC's with high hormonai potency were associated with higher risk than lower potency OC's. Although 
ign, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been 
‘arted in short-term as well as long-term users, Two studies relate risk with duration of use of OC's, the risk 

ng much greater after 4 or more use. While hepatic adenoma is rare, it should be considered in women 
‘senting abdominal pain and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma 

'e been reported in women on OC's. Relationship of these drugs to this type of malignancy is not known. 

Jse in or immediately Preceding Pregaancy. Birth Detects in Offspring, and Malignancy in Female Olfspring— 

1 of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
nage the offspring. It has been shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, 
'e increased risk of developing in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 

i been estimated to be of the order of 1 in 1,000 exposures or less. Although there is no evidence now that OC's 
ther enhance risk of developing this type of malignancy, such patients shouid be monitored with particular care if 

y elect to use OC's. Furthermore, 30 to 90% of such exposed women have been found to have epithelial changes 
he vagina and cervix, Although these changes are hit ically benign, it is not known whether this condition is 
recursos of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract. 

tough similar data are not available with use of other estrogens, it cannot be presumed they would not induce 
iar . An increased risk of congenital anomalies, including heart defects and limb defects, has been 

orted with use af sex hormones, including OC's, in pregnancy. One case-contro! estimated a 4_7-foid 

‘ease in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal 

's for pregnancy, or attempted treatment for threatened abortion). Some exposures involved only a few days. 

a Suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live births. In 

past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 

ition, There is considerable evidence that estrogens are i ive for these indications, and there is no evidence 


44A 


from well-controlled studies that progestogens are effective. There is some evidence that triploidy and possibly other 
types of poly are increased among abortuses from wemen wha become pregnant soon after ceasing OC's. 

ryos with these anomalies are virtually always aborted spontaneously. Whether there is an overall increase in 
Spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown. It is recommended that, for 
any patient who has missed 2 consecutive periods, pregnan: should be ruled out before continuing OC's. Hf the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of first 
missed period, and further use of OC's should be withheld antil pregnancy has been ruled out. If pregnancy is 
Confirmed, the patient should be apprised of the potential risks to the fetus, and advisability of continuation of the 
Pregnancy should be discussed. it is also recommended that women who discontinue OC's with intent of becoming 
pregnant use an alternate torm of contraception tor a period of time before attempting to conceive, Many clinicians 
secommend 3 months, although no precise information is available on which to base this. The administration of 
Progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users of OC's 
and estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ use. in one of 
the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a significant 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed while 
on OC's. Increases in triglycerides and total phospholipids have been observed in patients on OC's. Three studies 
were performed with Triphasil and no significant alterations in lipid metabolism were noted except for a slight 
increase in triglyceride levels in 1 study. Clinical significance-of these findings remains to be defined 
8. Elevated Blood Pressure—Iincrease in blood o pressure has been reported in patients on OC's. in same women, 
hypertension may occur within a few months of beginning OC's. In the 1 Se of use, prevalence of women with 
hypertension is low in users and may be no higher than that of a comparable group of nonusers. Prevalence in users 
increases, however, with longer exposure, and in the 5th year of use is 244 to 3 times the reported prevalence in the 
Ist year. Age is also strongly correlated with development of hypertension in OC users. Women who previously have 
had Rypertension during pregnancy may be more likely to develop elevation of blood pressure on OC's. Hyperten- 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the drug. 
9. Headache—-Onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, 
persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding Irregularities Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients 
discontinuing OC's. in breakthrough bleeding, as in all cases.of irregular vaginal bleeding, nontunctional causes 
should be borne in mind. In undiagnosed persistent or recurrent abnormal bleeding trom the vagina, adequate 
diagnostic measures are indicated to rule out pregnancy or malignancy. It pathology has been excluded, time or 
change to another OC may solve the problem. Changing to ar OC with a higher estrogen content, while potentially 
useful in minimizing menstrual irregularity, should be done only if necessary, since this may increase risk of 
thromboembolic disease. Women with past history of oligomanorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuing 
OC's. Women with these preexisting problems should be advised of this possibility and encouraged to use other 
methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities 
11. Ectopic Pragnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. robe esos it he given in the postpartum period may intertere with lactation and decrease quantity and 
quality of breast milk. Furthermore, a small traction of the hormones in OC's has been identified in the milk of 
mothers on OC's; effects. if any, on the breast-fed child have sot been determined. If feasible, defer OC's until infant 
has been weaned. 
Precautions—GENERAL— 1. A complete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations should include special reterence to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. As a general rule OC's should not be 
prescribed for longer than 1 year without another physical examination and Pap smear. 
2. Under influence of estrogen-progestegen preparations, preexisting uterine leiomyomata may increase in size, 
3. Patients with history of psychic depression should be Carefully observed and the drug discontinued if depression 
recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop OC's and use an 
alternate method to try to determine whether the symptom is drug-related. 
4, OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with caretul 
monitoring, in patients with conditions which might be aggravated by fluid retention, such as convulsive disorders, 
migraine syndrome, asthma, or cardiac or renal insufficiency. 
5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on OC's. If 
jaundice develops, OC's should be discontinued. 
6. eto hormonas may be poorly metabolized in patients with impaired liver function and should be administered 
with caution. 
7. OC users may have disturbances in formal tryptophan metabolism which may result in a relative pyridoxine 
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deficiency. Ci significance is undetermined. 

8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development ot 
folate deficiency and incidence a folate dedici increases with increasing gestation, it is possible that if a woman 
becomes pregnant shortly after Stopping OC's, she may have a greater chance of developing folate deficiency and 
compheatons attributed to this deficiency. 

9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 

10. Certain endocrine- and liver-function tests and blood components may be altected by estrogen-containing OC's. 
a. Increased sulfobromophthalein retention. 

b. increased prothrombin and factors Vil, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. 

c. Increased thyroid-binding globulin (TBG) leading to increased Circulating total-thyroid hormone, as measured by 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting 
the elevated TBG: free T4 concentration is unaltered. 

d. Decreased pregnanedial excretion. 

e. Reduced response to metyrapone test. 

Information for the Patient-—See Patient Package Labeling. 

Drug interactions—-Reduced effi and increased incidence of breakthrough bieeding have been associated with 
Concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin and tetracycline. 

Carcinagenesis—-See Warnings section for information on carcinogenesis. 

Pregnancy—Category X. See Contraindications, Warnings. 

Nursing Mothers—-See Warnings. 

Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see 
Warnings): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemor- 
rhage, tension, gallbladder disease, benign tomas, congenital anomalies. There is evidence of an asso- 
ciation between the ti ing conditions and use of OC's although additional confirmatory studies are needed: 
mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients or OC's and are believed to be drug-related, Nausea 
and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients 
during the first cycle, Other reactions, as a general rule, are seen much less frequently or only occasionally. Gastro- 
intestinal symptoms (such as abdominal cramps and bloating); breakth bleeding, spotting, change in menstrual 
flow. dysmenorrhea, amenorrhea during and after treatment, temporary infertility after discontinuance of treatment: 
edema; chloasma or melasma which may persist; breast changes, tenderness, enlargement, and secretion: change in 
weight (increase or decrease); change in cervical erosion and Cervical secretion; possible diminution in lactation when 
given immediately postpartum: cholestatic jaundice; migraine; increase in size of uterine feiomyomata; rash (allergic); 
Mental depression, reduced tolerance to carbohydrates, vaginal candidiasis; change in corneal curvature (steepening). 
intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and the association 
has been neither confirmed nor refuted: premenstrual-iike syndrome, cataracts, in libido, chorea, in 
appetite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, 
erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 

Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OC's by 

young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Dosage and Administration—-For maximum contraceptive effectiveness, Triphasil must be taken exactly as directed 
and at intervals not over 24 hours. {If Triphasil is first taken later than first day of first menstrual cycle of medication 

or poser: contraceptive reliance shouid not be placed on it uatil after the first 7 consecutive days of use. 
Possibility of ovulation and conception prior to initiation of medication shouid be considered.) 

Any time patient misses 1 or 2 brown, white or light-yellow tablets. she should aiso use another contraceptive 

method until she has taken a tablet daily for 7 consecutive days. 

For full details on dosage and administration see prescribing information in package insert. 
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Anal submucosal injection: A new route for drug 
administration in pelvic malignancies 


IV. Submucosal anal injection in the treatment of cancer of uterine 
cervix — Preliminary study 





Ahmed Shafik, MD 
Cairo, Egypt 


Seven patients with advanced cancer of the uterine cervix were treated by anal submucosal injection of 
methotrexate. Each course consists of five injections, one every 5 days; each injection contains 100 mg of 
_ methotrexate. The course was repeated at 3-week intervals and was given on an outpatient basis. 
Investigations were performed before, during, and after treatment. Methotrexate blood level was measured 
4 and 24 hours after administration. Complete response occurred in all seven patients. Relapse occurred 
in four but could be controlled by further methotrexate administration. Average duration of survival is 46‘ 
months. No side effects were encountered as a result of a low methotrexate serum level that was recorded 


4 hours after administration, 0.82 pmol after anal injection compared with 2.8 pmol for the intravenous 
route. The beneficial effect seems to be the result of the high methotrexate concentration in uterine and 
tumor tissue. The route adopted by the drug to reach the uterus from the anal submucosa is through the 
hemorrhoidogenital communicating veins. This preliminary study demonstrates that anal injection of 
methotrexate is effective in the treatment of advanced cervical cancer. It is safe, well tolerated, and can be 
used as an outpatient treatment. (AM J Ostet GYNECOL 1989:161:69-72.) 


Key words: Uterine cervix, cancer, treatment, methotrexate, uterine cervix cancer 


Patients with advanced cancer of uterine cervix have 
a poor prognosis, with a 5-year survival rate of 30% in 
International Federation of Gynecology and Obstetrics 
stage HI and only 10% to 15% in International Fed- 
eration of Gynecology and Obstetrics stage IV." * Sur- 
gical procedures for these advanced stages are mainly 
palliative. Likewise, radiotherapy is much less effective 
in the treatment of stage ILI and IV disease than stages 
I and II. 

The role of chemotherapy in the treatment of ad- 
vanced cancer of the uterine cervix is increasing, and 
there is continued interest in the development of more 
effective cytotoxic therapy. There are many reports on 
the effectiveness of chemotherapy in squamous cell car- 
cinoma of the uterine cervix in patients with advanced 
or recurrent disease who cannot be helped by surgery 
or radiotherapy.*” 

Efforts continue to improve the efficacy of cytotoxic 
therapy by means of altered drug doses, combination 
chemotherapy, and different routes of administration. 

Herein are presented seven cases of advanced cancer 
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of the uterine cervix treated with methotrexate admin- 
istered by the submucosal anal route. 


Physioanatomic considerations 


A recent study? has shown that the hemorrhoidal 
venous plexus communicates with the urogenital plexus 
by two to six communicating veins called “hemorrhoi- 
dogenital veins.” The latter are unidirectional, trans- 
mitting the blood from the hemorrhoidal to the uro- 
genital plexus, but not in the reverse direction. 

Injection of a radiopaque dye into the submucosa of 
the anal canal led to visualization of the urinary bladder, 
uterus, and vagina. Thus anal cystography’ and anal 
cystovaginohysterography* could be achieved by this 
route. Further studies have demonstrated that the uri- 
nary bladder after injection of misonidazole (a radia- 
tion sensitizer) into the anal submucosa showed a con- 
centration of the drug as high as eight times the serum 
level,” whereas the uterus showed 10 times concen- 
tration (Shafik A, El-Desouky G. Unpublished obser- 
vations). 

The submucosal anal route is being used to admin- 
ister drugs for pelvic malignancies and other pathologic 
conditions. It has been used for the treatment of ad- 
vanced bladder cancer with encouraging results.” Itis 
also used in the treatment of chronic relapsing pros- 
tatitis (Shafik A. Unpublished observations). 

These findings prompted me to use the submucosal 
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Table I. Data on seven patients with advanced carcinoma of uterine cervix treated by submucosal anal 
injection of methotrexate 








Previous treatment 


Tumor | RT 
(om?) | (rads) CT 












Cisplatin 6 
2 69 HMI 36 6000 — 6 
3 56 M 54 6000 Cycloph + 6 


methotrexate + 
mitomycin C 


4 68 IH 30 — Cisplatin 6 
5 48 IH 36 5000 — 6 
6 72 M 60 6000 — 6 
7 52 MH 24 4500 — 6 


Serum MXT 


No. 
of 


courses 






after 













Mo 
Remission. | after 
status iri 







Side 
effects 











0.75 0.00 Nausea, 
vomiting 

0.65 0.00 _ CR 8 3 56 
1.00 0.10 m CR 30 4 55 
1.20 0.30 -l CR e — 46 
0.90 0.00 ~ CR 10 3 41 
0.65 0.00 _ CR 14 3 33 
0.58 0.00 — CR on _ 29 








RT, Radiotherapy; Cycloph, cyclophosphamide; trt, treatment, CT, chemotherapy; MXT, methotrexate; CR, complete response. 


anal route for methotrexate administration in the treat- 
ment of advanced cancer of the uterine cervix. This 
procedure aims at inducing a high methotrexate con- 
centration in the uterine cervix with a minimum serum 
level, thus attaining a high therapeutic result and min- 
imal side effects. The results of treatment of seven pa- 
tients via this route are herein presented. 


Case reports 


‘Case 1. A 63-year-old patient had advanced cervical 
carcinoma (stage HIB). She had received radiation 
therapy to the pelvis for a total dose of 6000 rads and 
cisplatin with no response, Examination of the cervix 
showed that a large mass, 5 by 3 by 3 cm, replaced the 
cervix and encroached on the upper 2 cm of the vagina. 
Biopsy examination showed that the tumor was a squa- 
mous cell carcinoma of the large cell and nonkeratizing 
type. Sonography revealed enlarged iliac and obturator 
glands. Hematologic reserve and renal and hepatic 
functions were adequate. 

Six courses of methotrexate were given by the sub- 
mucosal anal route starting in June 1982. Each course 
consisted of five injections of methotrexate. One injec- 
tion was given every 5 days; each injection contains 100 
mg of methotrexate. The course was completed in 25 
days and was followed by a 3-week interval of rest be- 
fore the next course was started. Routine hematologic 
assessment was performed before each injection. Se- 
rum methotrexate level was assessed 4 and 24 hours 
after administration. The patient received the treat- 
ment.on an outpatient basis. 

Follow-up examination was comprised of pelvic son- 
ography and cervical tumor biopsy studies performed 
every 3 months for the first year, every 6 months for 
the second year, and annually thereafter or on a report 
of vaginal bleeding. Computed: tomography scan of the 
abdomen and chest x-ray studies were done every 6 
months for | year and every year thereafter. 


During the third course, the patient had nausea and 
vomiting that were controlled by medical measures 
without discontinuation of treatment. Hematologic re- 
serve and renal and liver functions remained almost 
unchanged throughout the period of treatment. Meth- 
otrexate blood levels 4 and 24 hours after injection 
recorded 0.75 and 0.00 pmol, respectively. After the 
fourth course, the tumor disappeared completely, and 
cervical biopsy findings were negative. Sonography 
showed disappearance of iliac and obturator nodes. 
The patient has survived now 5% years with no evi- 
dence of recurrence. 

Case 2. A 69-year-old woman had stage III cervical 
cancer. Examination revealed an exophytic mass 4 by 
3 by 3 cm, which occupied the uterine cervix and in- 
volved the two lateral vaginal fornices. Pelvic exami- 
nation revealed induration in the right parametrial re- 
gion proved by computed tomography scan to have the 
size of 3.5 by 2 by 1.5 cm. Biopsy studies of the cervical 
mass showed small cell, nonkeratizing, squamous cell 
carcinoma. 

When the patient showed no response to radiation 
therapy to the pelvis (total dose, 6000 rads), she was 
given six courses of methotrexate injected per anus in 
the aforementioned dose. The first course was given in 
March 1983. The patient was assessed and followed up 
by pelvic sonography, cervical tumor biopsy studies, 
and computed tomography scan. Methotrexate serum 
level was measured 4 and 24 hours after injection. 

No side effects from the drug were encountered. 
Methotrexate serum levels were 4 and 24 hours after 
injection 0.65 and 0.00 pmol, respectively. After the 
third course of methotrexate treatment, the cervical 
mass and parametrial induration disappeared. At the 
end of the fifth course, cervical biopsy. findings. were 
negative and computed tomography scan recorded dis- 
appearance of the parametrial mass. Cervical tumor 
relapse occurred 8 months after termination of the 
sixth course. The patient received three additional 
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“courses of methotrexate by the submucosal anal route. 
“She has now survived for 56 months and is free of 
“malignancy. 

Case 3. A 56-year-old woman had a huge 6 by 3 by 
3 cm mass that replaced the entire uterine cervix and 
encroached on the upper half of the vagina. The mass 
was fixed to the urinary bladder anteriorly and the anal 
canal posteriorly. Bilateral parametrial induration was 
confirmed by computed-tomography scan. Biopsy stud- 
ies showed that the tumor was poorly differentiated 
squamous cell carcinoma. 

Cystogram revealed that the tumor was encroaching 
on the urinary bladder. One year before presentation, 
the patient received 6000 rads to the pelvis with no 
response. Combination chemotherapy of cyclophos- 
phamide, methotrexate, and mytomycin C also proved 
to be ineffective. 

The first course of methotrexate, which was admin- 
istered per anus, was given in April 1983. There were 
no side effects. Methotrexate serum level 4 and 24 
hours after injection was 1.0 and 0.10 pmol, respec- 
tively. The patient completed six courses. By the end 
of the fourth course, the cervical mass and parametrial 
induration disappeared. The results of the cervical bi- 
opsy examination were negative after termination of 


the sixth course. 
In July 1986, cervical recurrence occurred as shown 


by biopsy studies. A negative biopsy finding was ob- 
tained after four courses of methotrexate, and the pa- 
tient is alive and tumor free since then. 

Cases 4 to 7 (Table I). Four female patients, ranging 
in age from 48 to 72 years, had stage IL squamous cell 
carcinoma of the uterine cervix. Their data are shown 
in Table I. They were managed in the same way as the 
aforementioned cases. All had negative cervical biopsy 
results by the end of the sixth course of methotrexate 
injection. Recurrence occurred in two patients 10 and 
14 months after termination of the six courses. Three 
additional methotrexate courses were given, of which 
the cervical biopsy findings of the two patients at the 
end of treatment were again negative. The four pa- 
tients have now survived 46, 41, 33, and 29 months 
since the start of treatment and are tumor free. 

Technique of anal submucosal injection. The 100 
mg methotrexate vial is diluted with 10 ml of saline 
solution. The usual 10 ml capacity syringe is used for 
injection. Anesthesia is not required, since the proce- 
dure is painless. With the patient in the lithotomy or 
left lateral position, a proctoscope is introduced, the 
anal canal is inspected, and the pectinate line is iden- 
tified. Injection is done in the submucosa of the anterior 
wall of the anal canal above this line. The mucosa at 
the proposed site of injection is swabbed clear with a 
pledget of cotton wool on forceps. The needle is then 
inserted obliquely through the mucosa. 

A small amount of methotrexate solution is injected. 
If the mucosa balloons up in an edematous wheal with 

obvious vessels crossing it, this indicates that the fluid 
is spreading in the submucous plane as desired. If no 
wheal is produced, the needle is too deep and should 
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be gradually withdrawn with simultaneous, repeated 
injections of minimal amounts of the fluid until the 
effect described is achieved. A dead white mucosa at 
the injection site signifies that the fluid is being in- 
jected into the mucosa itself. When the proper sub- 
mucosal plane is reached, the rest of the solution is 
then injected. 

Methotrexate assay. Blood methotrexate was esti- 
mated by an enzyme immunoassay kit obtained from 
Syva, (California). Blood samples were withdrawn 4 
and 24 hours after methotrexate injection. They were 
centrifuged at 1500 g, and sera were subjected imme- 
diately to the assay. Methotrexate concentrations were: 
expressed in micromoles. ; 


Comment 


The present results show that complete response oc- 
curred in all seven patients treated with methotrexate 
injected by the submucosal anal route. However, re- 
lapse occurred in four of seven patients 8 to 30 months 
after termination of treatment (average, 15’ months). 
It could be controlled by the administration of further 
courses of methotrexate (average, three). The duration 
of survival from the start of treatment varied from 29 
to 66 months, with an average of 4614. 

Investigators reported objective responses in 10% to 
25% of patients with cervical cancer for 4 to 6 months 
when single chemotherapeutic agents were used." 2 
More recently the Gynecologic Oncology Group re- 
ported a response rate of 38% for cisplatin in squamous 
carcinoma of the cervix? and 31% for bleomycin.” 
Good response rates have been reported for several 
combination chemotherapy regimens. A response rate 
of 89% was obtained with a combination of cisplatin, 
bleomycin, and methotrexate," and 77% was obtained 
with a combination of cisplatin, bleomycin, and mito- 
mycin C. However, the responses were of short du- 
ration and drug toxicity was significant.’ "° 

No side effects were encountered in these seven pa- 
tients. Only one patient had nausea and vomiting which 
could be controlled without discontinuation of treat- 
ment. The absence of toxic manifestations is the result 
of the low methotrexate serum level obtained by the 
submucosal anal route compared with the intravenous 
route, the average after 4 hours was 0.82 pmol for the 
former and 2.8 pmol for the latter. The difference is 
highly significant. Furthermore, the serum levels ob- 
tained 24 hours after methotrexate injection (mean, 
0.66 pmol) indicate that there is no cumulative effect 
of methotrexate in the circulation. 

The beneficial effects of anal injection of methotrex- 
ate seem to be the result of the high drug concentration 
in uterine and tumor tissue. A recent experimental 
study has shown that carbon 14—labeled misonidazole 
concentration in. uterine tissue after anal injection was 
10 times that of serum 15 minutes after injection (Shafik 








A, El-Desouky G. Unpublished observations). Measure- 
ment of methotrexate level in cervical tumor tissue after 
various routes of administration is being performed 
and will be reported in a separate communication. 

The route adopted by methotrexate to reach the 
uterine cervix from the anal submucosa needs to be 
discussed. Recent studies have shown that when a ra- 
diopaque dye was injected in the anal submucosa, it was 
absorbed by hemorrhoidogenital lymphatics and veins 
and reached the uterovaginal plexus.** Anal injection 
of methotrexate seems to follow the same route and 
reaches the uterus in concentrations high enough to 
effect tumor regression. 

In conclusion, the present study demonstrates that 
methotrexate anal injection is effective in the treatment 
of cervical cancer. It is safe, well tolerated, and used 
on an outpatient basis. A further advantage of this 
route is that it allows for the administration of much 
greater drug doses than the intravenous route withéut 
the threat of toxicity. The maximal drug concentration 
is in the tumor rather than in the blood. 

Admittedly, the number of patients in this commu- 
nication is small, but the results warrant publication as 
_a preliminary study. 


The valuable assistance of Mrs. Margot Yehia in re- 
vising the manuscript is highly appreciated. 
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Aggressive angiomyxoma first diagnosed as levator hernia 


Gregory P. Sutton, MD, Robert E. Rogers, MD, Lawrence M. Roth, MD,” and 


Clarence E. Ehrlich, MD* 


Indianapolis, Indiana 


When a 32-year-old woman was first seen, physical findings suggested she had a large levator hernia, but 
at the time of surgical resection an aggressive angiomyxoma was found. (Am J OBSTET GYNECOL 


1989;161:73-5.) 


Key words: Angiomyxoma, levator hernia 


Aggressive angiomyxoma is a benign but locally ag- 
gressive neoplasm seen almost exclusively in the pelvis 
or perineum of premenopausal women. °? The tumor 
in this case was initially diagnosed as a levator sling 
hernia. A pelvic computerized axial tomogram helped 
to clarify the diagnosis and to direct surgical excision, 


Case report 

I. W., a 32-year-old white woman (para 2-0-0-2) was 
referred to Indiana University Medical Center because 
of a large, soft mass of the left vulva and buttock. The 
patient noticed asymmetry of her left buttock shortly 
after she was uneventfully delivered of her second child 
in November 1981. On standing, the mass protruded 
into the left buttock and was accompanied by a pro- 
gressive traction sensation in the lower abdomen. She 
had no associated bowel complaints but did have pro- 
gressive urinary frequency. She was thought to have a 
levator or perineal hernia, and was referred for eval- 
uation in June 1987. 

The patient was a healthy-appearing postal worker 
whose physical examination results were normal. On 
pelvic examination a 6 x 8 cm protuberant soft mass 
was identified arising from the anterior left buttock and 
labium majus (Fig. 1). The mass could be easily reduced 
through a palpable 7 cm defect in the left midlevator 
plate and gave the impression of a hernia. The uterus 
was retrodisplaced, and there was a mass sensation on 
bimanual examination. 

A computerized tomogram showed an 11 x 8 cm 
well-demarcated mass that extended from the pelvis to 
the left buttock. There was a central, cleft-like hypo- 
dense area, but no fat density was observed (Fig. 2). 
An intravenous pyelogram demonstrated moderate hy- 
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Fig. 1. Appearance of mass distorting left labium majus and 
buttock. Why eae 


dronephrosis on the right side, marked displacement 
of the bladder to the right, and deviation of the left 
ureter across the midline of the pelvis (Fig. 3). 

A biopsy specimen obtained through the left sidé of 
the vagina showed myxomatous and vascular compo- 
nents diagnostic of aggressive angiomyxoma, and the 
next day the large mass was completely resected 
using a combined abdominoperineal approach. The 
reproductive organs were preserved. The patient did 
well and had no evidence of disease 1 year postoper- 
atively. 

Estrogen and progesterone receptor content were 
determined with a dextran-coated charcoal assay. The 
estrogen receptor level was 29.4 femtomoles/mg of 
protein and the progesterone receptor level was 5.2 
femtomoles/mg of protein; both were intermediate 
levels. 


Pathology 


Gross and microscopic findings. On gross exami- 
nation the specimen was soft, easily compressible, and 
somewhat fleshy in consistency. The cut surface of the 
tumor was circumscribed, soft, gray-white, homoge- 
neous, gelatinous, and moist (Fig. 4). 

Histologically, the tumor was circumscribed and was 


7A 


74 Sutton et al. 


July 1989 
Am J Obstet Gynecol 





Fig, 2, Computerized tomography shows rightward displacement of bladder by heterogenous mass, 








Fig. 3. Intravenous pyelogram demonstrates marked displace- 
ment of bladder and left ureter and right hydronephrosis. 


confined by a condensation of eosinophilic stromal ma- 
terial and tumor cells. Two distinct components were 
seen, The first, a loosely textured myxomatous com- 
ponent, contained bipolar to multipolar mesenchymal 
cells with small uniform vesicular nuclei with an occa- 


sional small inconspicuous nucleolus, but lacking mi- 
toses. Interspersed throughout the myxomatous matrix 
were small to medium-sized vessels, some of which were 
thin-walled and resembled capillaries, whereas others 
had thick muscular walls. In some areas around 
medium-sized muscular blood vessels, slips of smooth 
muscle were observed within the myxomatous stroma. 
No small nerves were noted within the tumor. 


Comment 

This case was, for the most part, a typical aggressive 
angiomyxoma, although it was better circumscribed 
than many of the reported cases. Although multiple 
small nerves have been found within the myxoid stroma 
of several of the tumors, this case is the first in which 
fascicles of smooth muscle cells were present focally 
within the stroma. 

The ultrastructural features of the neoplasm were 
similar to those of the previously studied cases. Steeper 
and Rosai’ coined the term “aggressive angiomyxoma’” 
in 1983 to describe nine cases of a benign but locally 
infiltrative neoplasm that arose in the pelvis or peri- 
neum of women who ranged from 21 to 38 years of 
age. The next year Begin and associates’ reported nine 
additional cases including two tumors that arose in male 
patients and one in a 63-year-old woman. These masses 
were alternatively diagnosed as Bartholin cysts or neo- 
plasms, vaginal prolapse, or hernias of the pelvic Hoor 
or obturator fossa. The history and physical findings 
in the current case were strongly suggestive of a levator 
hernia. Computed tomographic findings, however, sug- 
gested the diagnosis of aggressive angiomyxoma. These 
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Fig. 4. Cut surface of neoplasm was homogeneous, moist, and gelatinous. 


findings underscore the importance of radiographic 
evaluation before operation for suspected perineal or 
levator hernias. 

Local infiltration of these tumors is characteristic, 
although they may be clearly demarcated in some areas. 
Infiltration into skeletal muscle and fat has been ob- 
served, Local recurrences at intervals from 9 to 180 
months were reported in 10 of the 18 cases reported 
by Steeper et al.'! and Begin et al.” All were thought to 
be a result of an inadequate primary excision. No me- 
tastases.or deaths have been described. 

Aggressive angiomyxoma must be distinguished 
from a variety of similar neoplasms including myxoid 
lipoma and liposarcoma, soft tissue myxoma, nerve 
sheath tumor, myxoid neurofibroma, embryonal rhab- 
domyosarcoma, malignant fibrous histiocytoma, and fi- 
bromatosis with focal myxoid areas. 











Aggressive. angiomyxoma diagnosed as levator hernia 75. 


Vulvar, pelvic, or perineal masses that are sott and 
slow growing must be evaluated with the diagnosis of 
aggressive angiomyxoma in mind so that adequate ex: 
tirpative surgery may be performed and recurrences” a 
obviated. The presence of estrogen and progesterone 
receptor protein suggests a possible role for hormonal 
therapy in those cases that cannot be complete 
removed. Se 
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Asymptomatic thrombocytopenia associated with 


chorioangioma of placenta 


Nirmala S. Limaye, MD, and Jean-Gilles Tchabo, MD 


Arlington, Virginia 


Chorioangioma is a common primary tumor of the placenta. Most tumors arẹ small and are only detected 
by careful sectioning of the placenta. Large tumors can be diagnosed antenatally by ultrasonography and 
may result in maternal and fetal complications. (Am J Ostet GYNecot 1989:161 76-7.) 


Key words: Chorioangioma, maternal complication 


A case of chorioangioma, a common primary tumor 
of the placenta, is reported. A healthy male infant was 
delivered by cesarean section. 


Case report 

R. B., a 21-year-old woman, gravida 2, para 1, aborta 
0, whose last menstrual period was May 1, 1987, was 
admitted in December 1987 for mild pelvic pain and 
urinary frequency. The patient had an unexplained 
stillbirth at 38 weeks’ gestation on June 8, 1986. Au- 
topsy revealed a normal fetus and placenta. 

The current pregnancy was uneventful until Decem- 
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ber 7 when results of a routine blood count indicated 
platelets at 117,000/mm*. The coagulation profile 
showed fibrin split products >40 and <80, but normal 
fibrinogen, partial thromboplastin time and prothrom- 
bin time levels. An ultrasonogram revealed a male fetus 
of 33 weeks’ gestation with no congenital anomalies 
(Fig. 1). The placenta was anterior and a 5.5 cm son- 
olucent subchorionic necrotic lesion was noted with a 
normal amount of amniotic fluid. 

A nonstress test on admission was reactive. Repeat 
ultrasonography placed the fetus at 35 to 36 weeks’ 
gestation with estimated fetal weight of 6 pounds; the 
mass was unchanged. 

The platelet count was 107,000/mm* and the he- 
matocrit was 34. Fibrin split products were >80 but 
<160; fibrinogen, partial thromboplastin time, and 
prothrombin time levels were normal. 

On December 29 the platelet level dropped to 
102,000/mm* and hemoglobin to 10 gm; the urine cul- 
ture grew streptococci. 





Fig. 1. Sonogram showing male fetus at 33 weeks’ gestation with no congenital anomalies, 
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CUA healthy male infant with. 1- and 5-minute Apgar 
‘scores of 8 and 9, respectively, and a birth weight of 5 
“pounds 11% ounces was delivered by cesarean section 
with normal cord pH. The placenta was delivered with 
a 5 cm loose homogeneous mass. 

‘The patient did well after operation except for a low- 
grade fever that was treated with intravenous ampicil- 
lin, The infant had mild respiratory distress with pneu- 
monitis and was treated with intravenous antibiotics. 

Histologic examinations of the placenta showed nor- 
mal villous pattern. Sections through the mass revealed 
benign chorioangioma. 


Comment 
Chorioangioma, the most common tumor of the pla- 
centa, was described by John. Clarke in 1798. The in- 
-cidence of small tumors is between 1:70 and 1: 100, 
but large chorioangiomas are reported in only 1:9000 
deliveries. These tumors appear as homogeneous, firm, 
rubbery masses. Histologically they appear as well- 
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differentiated capillary patterns; whether this, repre- 
sents a true neoplasm or hamartoma is uncertain. 
Larger chorioangiomas cause maternal and fetal 


complications such as toxemia, abruptio placentae, < 


premature labor, hydrops, fetal malformations, fetal 
thrombocytopenia, and angiomas of the skin. Easy di- 
agnosis by ultrasonography has been reported)? 

Maternal asymptomatic thrombocytopenia with mild. 


coagulopathy was noted in our case. Both were prob- E 


ably triggered by necrosis and infarction of the cho- 
rioangioma. 
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First-trimester and early second-trimester diagnosis of nuchal 
cystic hygroma by transvaginal sonography: Diverse prognosis 


of the septated from the nonseptated lesion 


M. Bronshtein, MD, S. Rottem, MD, N. Yoffe, MD, and Z. Blumenfeld, MD 
Haifa, Israel 


Fetal cystic hygroma is a congenital malformation of the lymphatic system appearing as a single or 
multiloculated fluid-filled cavity, most often in the nuchal region. The malformation is believed to arise from 
failure of the lymphatic system to communicate with the venous nuchal system. Sometimes the lesion 

< progresses to fetal hydrops, causing fetal death. To further delineate the cause and natural history of this 
disorder, we have prospectively studied eight cases of cystic hygroma of the neck, detected at gestational 
ages of 9 to 15 weeks by transvaginal sonography. Three of the eight fetuses survived (37.5%) and were 
normal at birth. Either hydrops fetalis or intrauterine fetal death occurred in the other five fetuses. In one of 

~ these five, therapeutic abortion was induced because of trisomy 21. In another fetus of these five, trisomy 

..18-was diagnosed by amniocentesis. This pregnancy ended in intrauterine fetal death. The ultrasonic 
evaluation of the cystic hygromas revealed that those that were reabsorbed in the three ultimately normal 


viable fetuses were nonseptated cysts, whereas all the four cystic hygromas ending in fetal death or 
associated with aneuploidy were septated, multilocular hygromas. In another fetus with nonseptated 
hygroma, nonimmune hydrops developed, which resulted in premature delivery and early neonatal death. 


(Am J Osstet Gynecol 1989;161:78-82.) 


Key words: Fetal cystic hygroma, nuchal hygroma, transvaginal sonography, first-trimester 


diagnosis 


_.. Gystic hygroma is a congenital malformation of the 
~ lymphatic system, which can be generalized or localized 
most often in the nuchal area.” This malformation is 
often associated with chromosomal aneuploidies, es- 
pecially Turner’s syndrome, in which case it has a poor 
_ prognosis. ™*® Smith’ and Graham et al.’ have proposed 
a ¿mechanism of lymphatic maldevelopment that ex- 
plains both cystic hygromas and hydrops in fetuses and 
neck webbing and peripheral edema in adults with 
‘Turner's syndrome.” Substantiation of their hypothesis, 
termed the jugular-lymphatic obstruction sequence, and 
further karyotype studies have been limited because 
only abortuses could be evaluated previously.” The abil- 
ity to diagnose fetal malformations by first-trimester 
transvaginal sonography allows for the early recogni- 
tion of cystic hygromas and follow-up of their devel- 


opment or reabsorption and for detection of general- 


ized hydrops and/or lymphedema* "° associated with 


“> nuchal. cystic hygroma. 
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We report eight cases of nuchal cystic hygromas, five 
of which ended in fetal or early neonatal death, whereas 
in the other three the hygromas disappeared and the 
gestations generated normal term fetuses, 


Material and methods 


During the past year, from September 1987 to Au- 
gust 1988, the diagnosis of cystic hygroma of the neck 
was made by first-trimester or early midtrimester trans- 
vaginal sonography in eight fetuses: These eight cases 
of cystic hygroma were diagnosed among 800 patients 
routinely evaluated at 9 to 15 weeks of gestation for 
detection of fetal malformations. Equipment used in 
the study included the Elscint ESI-1000 ultrasound im- 
aging system (Elscint Inc., Boston) with a 6.5 MHz vag- 
inal probe (ESI ED-65 TV), which consisted of a me- 
chanical sector scanner with an oscillating transducer, 
and a 3.5 MHz abdominal probe (ESI ED-35). Gesta- 
tional age was determined by crown-rump length, bi- 
parietal diameter, head circumference, abdominal cir- 
cumference, and femur length measurements, in con- 


junction with menstrual or ovulation dating.” A careful 


sonographic search for other malformations or aña- 
tomic abnormalities was conducted in each. case,” © If 
sufficientamniotic fluid was present, amniocentesis was 
performed, in each case of cystic hygroma, to deter- 
mine the fetal: karyotype. The a-fetoprotein concen- 
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Table I. Clinical follow-up and outcome data in the eight cases of cervical cystic hygroma 




















Gravidity Gestational age 


and parity at diagnosis (wk) 
1 32 G2Pl 9.5 
2 40 GIPO 13 
3 33 G3P2 1 
4 4l G1PO 15 
5 22 GIPO 14 
6 27 GIPO 14 
7 30 G2P1 15 
8 33 G2PI 12 







Type of hygroma 
Septated ~ 
Septated — 
Septated 


Septated 


Nonseptated 
Nonseptated 
Nonseptated 


Nonseptated 













Karyotype Outcome 


Fetal death (11 wk) 

Nonimmune hydrops at 
15 wks, fetal death (16 
weeks) 

Elective abortion (24 wk) 


Trisomy 21, 
(47,XX) 
Trisomy 18 eae hydrops at 

15 wk; fetal death (17 
wk), multiple malfor- 
mations 

Normal term neonate, 
3800 gm male 

Normal term neonate, 
3000 gm male 

Normal term neonate, 
3100 gm female 

Nonimmune hydrops, 
premature delivery at 
30 wk; early neonatal 
death 


46,XY 
46,XY 
46,XX 


46,XY 








tration in the amniotic fluid was measured by radio- 
immunoassay, and karyotypes were obtained from am- 
niocytes or from peripheral lymphocytes obtained from 
cord blood at delivery or after therapeutic abortion 
(cases No. l and 5 through 8). 


Results 

The eight cases of cystic hygroma of the neck were 
diagnosed out of about 800 gestations carefully eval- 
uated at 9 to 15 weeks of pregnancy for detection of 
malformations (1%) (Table 1). Cervical cystic hygroma 
was the second most common malformation detected 
in this series, the central nervous system malformations 
being the most prevalent (10 of 800 cases, 1.25%). Ges- 
tational age at the time of diagnosis ranged from 9 to 
15 weeks (from last menstrual period). In four of the 
eight cases (50%), the cervical cystic hygroma was sep- 
tated and multiloculated. In two of them (cases No. 1 
and 2), early fetal death occurred at 11 and 16 weeks, 
respectively, within 2 weeks of diagnosis; hydrops fe- 
talis developed in the latter before fetal death. In the 
third case, diagnosed at 11 weeks of TEN in a 33- 
year-old white woman, gravida 3, para 2, amniocentesis 
was performed at 16 weeks and again, because of a lack 
of growth in the amniocytes, at 20 weeks. Trisomy 21 
was diagnosed and therapeutic abortion was done at 
24 weeks’ gestation. The female abortus showed the 
phenotype of trisomy 21 (this was reestablished by 
karyotyping of fetal lymphocytes). 

The fourth case of septated cystic hygroma was di- 
agnosed in a 40-year-old white woman. The pregnancy 
was-induced by human menopausal gonadotropin— 
human chorionic gonadotropin and multiple malfor- 
mations including hydrops fetalis, short fetal bones, 


pleural effusion, triangulocephaly, clubfoot, and sep- 
tated cervical cystic hygroma were diagnosed by trans- 


vaginal sonography at 15 weeks since the last menstrual 


period. At this time fetal biparietal diameter, femur 
length, abdominal circumference, and head circum: 
ference measurements were consistent with those ofa 


12-week-old fetus. The results of transvaginal sono- ; 
graphic scanning were suggestive of aneuploidy and 


trisomy 18 was diagnosed by amniocentesis. Hydrops ie 
fetalis developed at 15 weeks and fetal death occurred 
2 weeks later. 

In the other four cases, nonseptated posterior cer- 
vical cystic hygromas were detected at 12 to 15 weeks 
since last menstrual period. Amniocentesis in all these 
four cases (cases No. 5 to 8) revealed normal karyotypes 
and normal levels of a-fetoprotein. Sonographic follow- 
up revealed absorption of the cystic hygromas, with 
apparent communication of the cystic lesion with the 
lumen of the internal jugular vein (Figs. 1 and 2), The 
cystic hygromas developed into webbed neck (Fig. 3) 
and gradually disappeared. The karyotype in three of 
the fetuses was 46,XY and in one was 46,XX without 
mosaicism. Three pregnancies resulted in normal term 
neonates, two boys and one girl (without cervical hy- 
groma or webbed neck). The other pregnancy (case No. 
8) resulted in a fetus with nonimmune hydrops. who 
was delivered at 30 weeks and died 2 days later at an: 
other hospital. No other malformations were described: 


Comment 

Cystic hygromas are believed to develop from.a de- 
fect in the formation of lymphatic vessels.? The fetal 
lymphatic vessels normally drain into two large sacs 
lateral to the jugular veins.” These jugular lymph sacs 
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Fig. 1. Cystic hygroma of 14-week-old male fetus (case No. 5), ultimately born normal, Note com- 
munication between cystic hygroma (C.Ħ.) and lumen of internal jugular vein (INT. JUGULAR), 
Fetal head, spine, chest, and clavicle (CLAV/) are marked. 





Fig. 2. Transverse scan of fetal neck obviating bilateral nonseptated cystic hygromas at 14 weeks of 
pregnancy (case No. 6). The nonseptated hygromas were resolved later in pregnancy and a normal 


male fetus was born at term. 


eventually form communications with the venous sys- 
tem and become the terminal portions of the right lym- 
phatic duct and the thoracic duct (Fig. 1). [f lymphatic 
“and. venous structures fail to communicate, the jugular 
lymph sacs enlarge and lymph accumulates in tissues.” 
Cystic hygromas of the posterior triangles of the neck 
(Fig. 2) and hydrops result”?! If the jugular lymph 
sacs and the jugular veins then connect or an alternative 
route of lymphatic drainage develops before intra- 
uterine death, the cystic hygromas regress and periph- 


eral edema may resolve.” We believe this sequence of 


events occurred in three of the cases in our small series 
(cases No. 5 through 7), and the birth of normal fetuses 
resulted. The above sequence of embryologic events 
comprises the jugular-lymphatic obstruction sequence 
described by Smith’ and Graham et al. 

Two observations corroborate these ideas, Lymphan- 
giography performed on adults with Turners syn- 
drome demonstrates hypoplasia of peripheral lym- 
phatics in this disorder’? and raises the possibility that 
lymph may find an alternative direct route to the ve- 
nous system while still in the extremities.” “ In addition, 


sume 101 
mper os 






Fig. 3. Transverse scan of fetal neck at 16.5 weeks by trans- 
vaginal sonography delineating very thick (9.2 mm) nuchal 
fold in case No. 5, 


Shaub et al." have described a fetus with a unilateral 
left cystic hygroma and edema of all body parts except 
the right arm.’ This pattern suggests that the jugular 
lymph sac and the thoracic duct that empties into it 
were obstructed, whereas there was adequate drainage 
of the right lymph sac and its tributaries.” Besides Turn- 
er’s syndrome, several other congenital malformation 
syndromes have been reported in association with fetal 
cystic hygromas, neck webbing (Fig. 3), or redundant 
posterior neck skin after birth.” These include Noon- 
an’s syndrome, fetal alcohol syndrome, distichiasis- 
lymphedema syndrome, familial pterygium colli, and 
several chromosomal aneuploidies: trisomy 18, trisomy 
21, 13q-, and 1&p-, partial 1 1q/22q trisomy, trisomy 22 
mosaicism, 45,%/46,XX mosaicism, and 47,XXY.5 ° 
In our small series 50% of the fetuses had normal 
karyotype. 

The incidence of this malformation at the end of the 
first trimester to the early midtrimester is around 1% 
(8 in 800). This disparity is understandable when one 
takes into consideration the high rate of intrauterine 
death that occurs in those cases in which hydrops fetalis 
develops on one side and the spontaneous absorption 
of those hygromas in eukaryotic fetuses, in whom 
lymphatic-venous communications develop, on the 
other side. Previous studies accentuated the grave prog- 
nosis in the cases in which the cystic hygroma is asso- 
ciated with hydrops but claimed that only scant infor- 
mation existed about the prognosis in the absence of hy- 
drops.''* P This statement was probably correct before 
transvaginal sonography was introduced. When trans- 
vaginal sonographic scanning was introduced at the 
end of the first trimester to the beginning of the mid- 
trimester, it enabled the detection of 30 fetal malfor- 
mations as early as 9 weeks after the last menstrual 
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Fig. 4. Septated cystic hygroma in a 9.5-week-old fetus (case 
no. 1) where the lesion is clearly visualized by transvaginal 
sonography on longitudinal section (A) and on transverse sec- 
tion (C) but not detected by transabdominal scan (B). Arrows 
point to the lesion on transvaginal sonography. 


period. This relatively new technology enabled us to . 
detect eight cases of fetal cystic hygroma among 800 
gestations (1%) routinely scanned for the early detec: 
tion of fetal malformations. We believe that about 37% 
of the early detected cystic hygromas, especially the 
nonseptated ones, bear a good prognosis, according to 
our small series. Moreover, one of the cases in which 
cystic hygroma of the neck was diagnosed had under- 
gone abdominal sonographic evaluation without detec- 
tion of the malformation (case No. 1, Fig. 4). 

All the cases in our series of septated cystic hygroma 
ended in fetal death and/or aneuploidy, whereas 75% 
(3 of 4) of the cases with a nonseptated lesion resulted 
in delivery of normal neonates. This may suggest two 
possible explanations to the diverse prognosis: 

1. The septated hygromas, which are also the nuchal 
ones, may consist of a different category from the non- 
septated lesions, which are the more lateral ones and 
bear a better prognosis; or 

2. The septated lesions are associated with complete 
obstruction of the cervical lymphatic sacs from the com- 
munication with the jugular venous system, and the 
accumulating lymphatic fluid dissects between the cer- 
vical tissues creating multilocular cysts. Later, the fur- 
ther accumulating lymph may create subaxillary cystic 
lesions (observed in one of our cases) and ultimately 
generalized fetal hydrops (as in cases No. 1, 2, 4, and 
8 in our series) (Fig. 5). The nonseptated hygromas 
may represent temporary accumulation of lymph and 
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Fig. 5. Fetal hydrops. Transvaginal sonographic scan of fetal skull at 15 weeks (fetus in case No. 2). 
A, Brain edema is diagnosed by relatively big “windows” at lateral sutures of skull (arrows) and 
hyperechogenicity of brain. Choroid plexus appears normal (transverse section), B, Fetal hydrops 
and subcutaneous lymphedema by transvaginal sonographic scan of upper abdominal area. Arrows 
delineate subcutaneous septations caused by generalized lymphedema. 


therefore enlargement of the lymphatic sacs lateral to 
the jugular veins. The increased pressure resulting 
from this temporary lymph accumulation may over- 
come an incomplete obstruction between these lym- 
phatic sacs and the jugular veins and result in gradual 
disappearance of these enlarged sacs. One may spec- 
ulate that whereas the complete obstruction is associ- 
ated with chromosomal aneuploidy and the incomplete 
obstruction is associated with eukaryotic fetuses, the 
later may be a variant of normal physiologic embryo- 
genesis of the lymphatic jugular venous communica- 
tions (Fig. 1). In previous reports the diagnosis of cer- 
vial hygroma has been made at gestational ages older 
than 9 to 15 weeks, and mainly the hygromas associated 
with complete obstruction (septated, multiloculated) 
were diagnosed, which therefore resulted in a poor 
prognosis being given to these lesions. Since the avail- 
ability of transvaginal sonographic technology, the early 
scanning practiced at 9 to 15 weeks of gestation has 
enabled the diagnosis of both types of hygromas, and 
enabled the distinction of “septated lesion, bad out- 
come” on the one hand versus “nonseptated lesion, 
good outcome” on the other to be made. 

Until more data are collected to support the relatively 
good prognosis of those cases not associated with hy- 
drops, we recommend amniocentesis for karyotyping 
and a-fetoprotein measurement in each case of cervical 
cystic hygroma. 
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Enlarged cisterna magna in trisomy 18: Prenatal 


ultrasonographic diagnosis 


Amy S. Thurmond, MD** David W. Nelson, MD,’ Richard I. Lowensohn, MD,” 


William P. Young, MD, and Lowell Davis, MD” 


Portland, Oregon 


Ultrasonographic visualization of an enlarged cisterna magna was the initial clue that led to the prenatal 
diagnosis of trisomy 18 in five patients, Prenatal diagnosis of trisorny 18, a lethal defect, is important for 
proper patient counseling and management. (Am J Oastet Gynecot 1989;161:83-5.) 


Key words: Ultrasonography, trisomy 18, cerebellum, cisterna magna 


Trisomy 18 is the second most common trisomy syn- 
drome, occurring in 0.3/1000 live births." The pre- 
natal diagnosis of trisomy 18 currently depends on the 
recognition of a constellation of subtle findings: fetal 
structural anomalies detected by ultrasonography, in- 
trauterine growth retardation (IUGR), and abnormal 
amniotic fluid volume. * The diagnosis is then con- 
firmed by chromosome analysis of either amniotic fluid 
or fetal blood. 

We report the study of five fetuses in whom prenatal 
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Fig. 1 Ultrasonogram of fetus with trisomy 18 (patient No. 3) at 3614 weeks’ gestation. Transducer 
is angled.15.degrees caudal to BPD plane. Transverse cerebellar diameter (long arrows} is small, and 


cisterna magna depth (short arrows) is large. 









identification of an enlarged cisterna magna (presume) 
ably a result of cerebellar hypoplasia) caused ‘tis to. 
search for more subtle structural fetal abnormalities,» 
and led to the diagnosis of trisomy 18. Our results 
suggest that an enlarged cisterna magna may bea more 
BE g ) 

specific ultrasonographic finding for diagnosis of trie 
somy 18. 


Methods Shs 

All patients referred to our institution for ultraso- 
nography to exclude fetal anomalies have a sector real- 
time ultrasound examination (Acuson, Mountainview, 
Calif.; ATL, Bothell, Wash.) that includes a transaxial ; 
view of the head angled 15 degrees caudal to the cane i 
thomeatal line. Measurements are taken of the trans- 
verse cerebellar diameter according to the method of 
McLeary et al." and of the anteroposterior cisterna. 
magna diameter according to Mahoney et al.” (Fig: 1). 
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Table I. Summary of data in five fetuses with trisomy 18 











Patient no. Maternal age (yr) 


1 32 34 
2 25 36.5 
3 28 36.5 
4 25 32 
5 19 36.5 


CI, Cephalic index = biparietal diameter/occipitofrontal diameter; PROM, premature rupture of membranes; VSD, ventricular septal 


defect. 


Five fetuses in whom the measurements were abnormal 
had more detailed ultrasonographic examination, 
which included visualization of the hands and feet, and 
echocardiography. These tests are not usually per- 
` formed as part of our ultrasonographic screening for 
fetal anomalies. Except for one patient whose labor 
could not be arrested, subsequent chromosome analysis 
of amniotic fluid or fetal cord blood was performed. 
All patients were delivered of their infants in our hos- 
pital, and clinical and autopsy findings were reviewed. 
The five patients were seen in a l-year period from 
March 1987 to March 1988. Retrospective review of all 
prenatal or neonatal genetic studies, and review of all 
deliveries for this same time period did not reveal any 
additional patients with trisomy 18. 


Results 


Results are summarized in Table I and include the 
gestational age of the fetus at initial examination, the 
indication for ultrasonography, prospective ultraso- 
nographic findings, and the predicted biparietal di- 
ameter (BPD) determined from the measured cere- 
bellar width. 

All patients were examined in the third trimester. 
One patient (No. 2) was also examined at 20 weeks for 
confirmation of dates, at which time only mild bilateral 
fetal hydronephrosis was noted. Indications for ultra- 
sonographic examination were premature rupture of 
the membranes (patients 1 and 4), suspicion of IUGR 
(patients 2 and 3), and fetal bradycardia (patient 5). 

All five fetuses had small cerebella. This was con- 
cluded because the predicted BPD, which was based on 
the measured transverse width of the cerebellum, was 
smaller than the measured BPD.’ (The BPD was 
thought to be reliable in all fetuses since measurements 
were consistent with gestational age by menstrual his- 
tory and because the cephalic index was within normal 
limits. The small cerebella were presumed not to be 
caused by IUGR’ (present in fetuses 2, 3, and 4), be- 
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Gestation by dates (wk) 


l | 





Ultrasound indication Fetal monitoring 


PROM Variable decelerations 
IUGR(?) 

IUGR) Variable decelerations 
PROM Variable decelerations 


Fetal bradycardia Reactive, sinus bradycardia 













cause in fetuses without chromosomal abnormalities the 
cerebellar size is unaffected by IUGR.* All five fetuses 
had enlarged cisterna magnas that measured 10 to 23 
mm (normal, 5 + 3 mm* °). 

The posterior fossa findings prompted a more de- 
tailed search for other abnormalities and revealed a 
ventricular septal defect (patients 1 and 5), rocker- 
bottom feet (patients 2 and 4), and cleft lip (patient 2). 
The constellation of ultrasonographic findings sug- 
gested a trisomy syndrome. Chromosome analysis of 
amniotic fluid or fetal cord blood confirmed the di- 
agnosis in patients 2, 3, 4, and 5. These fetuses were 
delivered vaginally without monitoring and either were 
stillborn or died shortly after birth. Patient 1 presented 
in active labor and was counseled regarding the high 
likelihood of a lethal chromosomal abnormality in her 
fetus. However, because fetal distress developed before 
chromosome analysis could be performed, the fetus was 
delivered by cesarean section and died 7 days later. 

Newborn No. 1 had a postpartum computed tomog- 
raphy scan of the head that revealed cerebellar and 
vermian hypoplasia with partially fused lateral ventri- 
cles. Fetus No. 2 had an autopsy that indicated cere- 
bellar hypoplasia. Fetuses 3, 4, and 5 did not undergo 
postmortem examination. 

Additional findings that were not identified by pre- 
natal ultrasonography were single umbilical artery, 
short sternum, finger flexions, and left diaphragmatic 
eventration (fetus No. 1); small placenta and low-set 
ears (fetus No. 2); clenched fists and low-set ears (fetus 
No. 3); and hypotelorism, clinodactyly, and low-set ears 
(fetus No. 4). 


Comment 

The more common findings in trisomy 18 are quite 
subtle: polyhydramnios, small placenta, single umbilical 
artery, growth deficiency, prominent. occiput, narrow 
palatal arch, low-set ears, clenched or overlapping fin- 
gers, short sternum, inguinal and umbilical hernias, 
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Prospective ultrasonographic findings 












Amniotic fluid Fetal anomalies 





None 82.8 VSD, hypotelorism 
Slightly 79.4 TUGR, bilateral hydro- 
decreased nephrosis, cleft lip, 

rocker-bottom foot 
Increased 85.8 IUGR 
Increased 81.9 IUGR, rocker-bottom 
foot, hypotelorism 
Decreased 81.5 VSD 















Cerebellar Predicted Cisterna 
width BPD magne 
(com) (em) {em} 





3.2 6.6-7.4 8.0 1.6 
3.7 7.3-8.1 8.8 1.7 
4.1 7.8-8.5 8.6 2.3 
3.3 6.8-7.5 8.3 2.1 
4.5 8.2-8.9 9.1 1.0 





ventricular and atrial septal defects, and patent ductus 
arteriosus.’ Cerebellar hypoplasia in trisomy 18 is well 
described but is thought to occur in <10% of affected 
persons,’ ° Our experience suggests this abnormality 
may be present more often. A recent study utilizing 
detailed computed tomography and postmortem mor- 
phometric analysis of the cerebellum in nine newborns 
with trisomy 18 supports this concept.'' All of the pa- 
tients had cerebellar hypoplasia as a dominant finding, 
including three who also had hypoplasia of the poste- 
rior cranial fossa. This latter observation may explain 
our patient No. 5, who had a small cerebellum but only 
a mildly enlarged cisterna magna. 

The importance of a large cisterna magna—small cer- 
ebellum for prenatal diagnosis of trisomy 18 has been 
suggested previously based on examination of two fe- 
tuses in the third trimester.” However, recent reviews 
of the ultrasonographic findings in trisomy 18 did not 
include large cisterna magna or small cerebellum as a 
finding.” * Cerebellar hypoplasia in infants with open 
neural tube defects has been described.” The incidence 
of large cisterna magna—small cerebellum by prenatal 
ultrasonography in trisomy 18 and in other conditions 
is not known; therefore the predictive value of a normal 
or abnormal measurement cannot be determined. In a 
l-year period at our institution, all five patients diag- 
nosed with trisomy 18 had a large cisterna magna and 
small cerebellum. 

It is also not known how early this finding is present. 
In the patient initially evaluated at 20 weeks for con- 
firmation of dates, large cisterna magna—small cere- 
bellum was not visualized. We do not know whether 
in fact it was not present, or was present but not rec- 
ognized. 

The importance of any ultrasonographic finding re- 
lates to its impact on clinical management. Except for 
the patient who presented in active labor, all patients 
were spared unnecessary monitoring during labor and 
cesarean sections for fetal distress. Each patient, in- 


cluding the patient in active labor, benefited from coun- 
seling before delivery. 

Measurements of the cerebellum and cisterna magna: 
are easily obtained by angling the transducer. 15 de~ 


grees caudal to the standard axial plane used for de- 


termining BPD. It is hoped that determination of these 
parameters in a large number of patients will reveal 
the true incidence of large cisterna magna—small-cer- 
ebellum in trisomy 18 and other conditions. Enhanced 
attention to this finding may also result in its visualiza- 
tion in the first or second trimesters, leading to even 
earlier diagnosis of trisomy 18. 
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Neonatal mortality in normal birth weight babies: Does the 
level of hospital care make a difference? 


_ Cynthia J. Berg, MD, Charlotte M. Druschel, MD, MPH, Brian J. McCarthy, MD, 


Michael LaVoie, and R. Louise Floyd, RN, MSN" 
Atlanta, Georgia 


Although neonatal intensive care for low birth weight infants has been extensively studied, few researchers 
have looked at the impact of the level of care at the delivery hospital for infants weighing >2500 gm. 
Using linked birth-death records from Georgia for 1979 to 1982, we examined the effect that the level of 
care available at the hospital of delivery had on neonatal mortality in infants weighing 2500 gm and above. 
We.used a risk scoring system designed for use with vital records to determine prepartum risk and the 
presence or absence of a complication of labor as indicated on the birth certificate to determine 
intrapartum risk. We found that women with a high prepartum risk score had increased neonatal mortality 
at level 1 hospitals. Women who developed a complication of labor, regardless of their prepartum risk 
status, had the highest neonatal mortality rates when they delivered at level 1 hospitals. We suggest 
“prenatal risk assessment for all women and referral of high risk women to level 2 or 3 hospitals for delivery 


even at term. (Am J Opster Gynecol 1989;161:86-91.) 


Key words: Neonatal mortality, regionalization, high-risk pregnancy, hospital level 


One of the 1990 Objectives for the Nation’ is to reduce 
infant mortality to 9/1000 livebirths. Two thirds of U.S. 
infant deaths occur during the neonatal period (within 
the first 28 days of life). Among the more successful 

intervention strategies developed in an attempt to lower 

“neonatal mortality is the establishment of neonatal in- 
tensive care units—special hospital facilities for the 
care of critically ill newborns. 

Because birth weight is the strongest predictor of 
neonatal mortality, we tend to believe that neonatal 
deaths occur predominantly in low birth weight infants. 
However, 93% of all infants born in Georgia from 1979 
<7 to. 1982 weighed 2500 gm or more, and these non—low 

birth weight infants contributed 26% of the neonatal 

¿i deaths in the state in that time period. In the Closing 
the Gap conference in 1985, sponsored by the Carter 
Center, researchers from the World Health Organiza- 
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tion Collaborating Center in Perinatal Care reported 
that the United States could, with the use of current 
technologies, reduce infant mortality by 40%." Of the 
achievable reduction in neonatal mortality, 95% was 
among infants weighing =2500 gm. 

Numerous investigators have looked at the effect of 
the hospital of birth on neonatal mortality rates in low 
birth weight and very—low birth weight infants, and 
have found that care in a neonatal intensive care unit 
improved the survival of these babies."* However, few 
investigators have examined the effect of neonatal care 
facilities in non—low birth weight infants on a popu- 
lation basis.’ 

We examined the impact that the level of neonatal 
care available at the hospital of delivery had on neonatal 
mortality in infants with birth weights of 2500 gm and 
greater (which, for the sake of convenience, we will 
refer to as normal birth weight babies’). We used the 
presence of prenatal and intrapartum risk factors to 
help predict neonatal mortality and assess the appro- 
priate level of care for babies in this birth weight group. 
We used a population-based data set for the years 1979 
to 1982, a time period during which neonatal intensive 
care was widely available. 


Methods 


Data for this study were provided by the Office of 
Vital Records, Georgia Department. of Human Re- 
sources. All birth certificates of infants born to Georgia 
residents are entered into a computer data base. Each 
reported death of an infant under 1 year of age who 


i. A Volume 161° 
“Namber 1 


Table I. Maternal prepartum risk 
score calculation“ 





Variable Coding Weight 
Race White = 0 5 
Black = I 
Maternal age (yr) 220 = 0 6 
<20 = | 
Prior fetal loss No = 0 6 
Yes = | 
Prior low birth weight No = 0 1l 
delivery Yes = | 
Complication unrelated to No = 0 8 
pregnancy* Yes = | 
Complications unrelated to No = 0 26 
pregnancyt Yes = | 
Multiple gestation No = 0 38 
Yes = | 
Risk group based on risk score 
Total score Risk group 
0-5 Low 
6-15 Moderate 
16-100 High 





*Hypertension, diabetes, drug addiction, cardiac or renal 
disease, pyelonephritis, syphilis, rubella. 


tToxemia, bleeding, infection, anemia, urinary tract infec- 
tion, Rh sensitization. 


was born in Georgia is manually linked to its birth cer- 
tificate. The birth and infant death data bases are 
merged, providing linked birth-death records by birth 
year cohort. Check boxes for complications of preg- 
nancy, complications not related to pregnancy, and 
complications of labor and delivery, as well as other 
data from the birth certificate, were used to calculate 
prepartum and intrapartum risk. 

All 315,830 singleton, liveborn infants born to Geor- 
gia residents between Jan. 1, 1979, and Dec. 31, 1982, 
with birth weights 2500 gm and above, made up the 
study population. Neonatal mortality was defined as 
deaths of liveborn infants at less than 28 days of age 
per 1000 livebirths. 

To assess maternal prepartum risk, we used a neo- 
natal mortality risk scoring system designed specifically 
for use in studies using vital record data.* This system, 
developed with discriminant analysis, predicts the risk 
of neonatal death by using information that is available 
before the onset of labor and that is on the Georgia 
birth certificate. Seven variables are weighed and 
summed, yielding a risk score. Scores have been com- 
bined into three risk groups—low, moderate, and high 
(Table D). 

As a measure of risk during the intrapartum period, 
we used the presence of a complication of labor as 
recorded on the birth certificate. These complications 
included abruptio placenta, placenta praevia, pro- 
lapsed cord, dystocia, maternal hypotension, chorioam- 
. Monitis, and breech presentation. 
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Table II. Distribution (percent) of births and 
risk-specific neonatal mortality rates* by 
prepartum risk status in normal birth weight 
infants: Georgia, 1979 to 1982 








Prepartum risk status 





Low 55 BLZ 

Moderate 34 2.3 

High 12 4] 

RR of neonatal death 2.5 (95% CI: 2.1, 3.0) (High: 
vs low-risk group) 








NMR, Neonatal mortality rates; RR, relative risk; CI, con- 
fidence interval. 


*Per 1000 livebirths. 


Hospitals were classified as having level 1, 2, or 3 
neonatal care capacity by the Georgia Maternal and 
Infant Council in accordance with the joint American 
Academy of Pediatrics/American College of Obstetri- 
cians and Gynecologists Guidelines for Perinatal Care. As- 
signment of neonatal care level was based on on-site’ 
visits by members of the Maternal and Infant Council 
under the direction of the each of the five regional 
perinatal care directors. Level 1 facilities provide care 
for normal, healthy newborns with the capacity to sta- 
bilize sick infants for transport. Level 2 facilities have 
the capacity for an intermediate level of care of more 
complicated cases, including the administration. of in- 
travenous fluids, continuous positive airway pressure 
and short-term ventilation, and treatment of. pneu: 
mothoraces. A level 3 facility contains a neonatal in- 
tensive care unit capable of complete care of the high- 
risk fetus, neonate, and mother, has a full-time neo- 
natologist on staff, and can provide specialized neonatal 
surgery. Information on maternal or prepartum trans- 
fer between hospitals was not available. Thus the term 
“hospital of delivery” refers to the hospital in which the 
actual delivery occurred. 

Statistical analysis was done by means of the Statistical 
Analysis System (SAS) software package. Rates were 
compared with the x’ technique. Confidence intervals 
for relative risks were calculated by the Taylor series 
method.’ 


Results 


Neonatal mortality rate by year. The crude neonatal 
mortality rate for singleton infants weighing 2500 gm 
and above born in Georgia was 2.3/1000 livebirths in 
1979, 2.4 in 1980, 2.1 in 1981, and 1.8 in 1982, with 
an overall rate for the 4-year period of 2.1/1000 
livebirths. 

Prepartum risk score. The distribution of births by 
prepartum risk score group is shown in Table II. More 
than half of the women delivering normal birth weight 
infants fell into the low-risk category, whereas 12% 








“Table III. Distribution (percent) of births by 
prepartum risk status and hospital level in 
normal birth weight infants: Georgia, 1979 
to 1982 









Hospital level 









Prepartum 
risk status 


Low 57 23 20 100 
Moderate 56 21 22 100 
High 55 19 25 100 
Overall 57 22 21 100 





were classified as high risk. The risk of a neonatal death 
< was. 2.5 times greater for a high-risk woman compared 
with a low-risk woman. 

Level of care at hospital of delivery. More than half 
of the women with normal birth weight infants deliv- 
ered at level 1 hospitals, regardless of their risk status 
(Table HI), The remainder of the deliveries were al- 
most equally divided between level 2 and 3 hospitals, 
although slightly more high-risk women delivered at 
level 3 hospitals than at level 2 hospitals. 

The effect of the interaction between the prepartum 
risk group of women and the level of care at the birth 
hospital on neonatal mortality is shown in Table IV. 
For low- and moderate-risk women, there was no sta- 
tistically significant difference in the neonatal mortality 
rate at level 1, 2, and 3 hospitals. However, for high- 


risk women, the risk of having a neonatal death was 


‘L6 times greater if the infant was delivered at a level 
‚I hospital, compared with a level 2 or 3 hospital. 

` Intrapartum complications of labor. Complications 
of labor were reported more frequently in pregnancies 
among women in the high prepartum risk group— 
23.7% of such cases compared with 13.8% of low 
prepartum-risk women (Table V). The rate of these 
complications was uniformly elevated, from 1.5- to 1.9- 
fold, among high-risk women compared with low-risk 
women in all level hospitals. In addition, we found an 
increase in the reported frequency of complications of 
labor among low- and moderate-risk women who de- 
livered at level 2 and 3 hospitals. 

<The presence of an intrapartum complication in- 
creased the neonatal mortality rate in all the prepartum 
risk groups and at all hospital levels, with the neonatal 
mortality rate as much as five times greater if a com- 
plication of labor was present (Table VI). For women 
who experienced a complication of labor, the risk of a 
neonatal death was greatest at a level 1 hospital, what- 
ever the prepartum risk status of the mother. For 
moderate- and high-risk women with a complication of 
labor, the risk of a neonatal death was least at a level 3 
hospital and highest at a.level 1 hospital. For low-risk 
women with a complication of labor, the risk of a neo- 
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Table IV. Neonatal: mortality by prepartum 
risk status and hospital level, normal birth 
weight infants: Georgia, 1979 to 1982 





Hospital level RR of neonatal death 
at level 1 vs level 3 


hospital (95% CI) 


Prepartum 
risk status 





Low 1.0 
Moderate 1.2 
High 1.6 (1.1, 2.4) 





RR, Relative risk; C7, confidence interval. 


natal death was essentially the same at level 2 and 3 
hospitals, 

To evaluate whether the level of hospital or the size 
(number of deliveries) of the hospital was the factor 
responsible for this increased risk of neonatal death in 
high-risk women delivering at level 1 hospitals, we di- 
vided level 1 hospitals into those with 1000 or more 
deliveries and those with under 1000 deliveries per 
year. This placed 25% of the level I deliveries in the 
high-volume level 1 hospitals and 75% of the level | 
deliveries in the lower volume level 1 hospitals. We 
found no difference in the neonatal mortality rates in 
the high-volume versus lower-volume level: 1 hospitals 
among women with an intrapartum complication of 
labor, regardless of their prepartum risk status (data 
available on request). 


Comment 


With few dissenting voices, the concept of regional- 
ization of perinatal services is well accepted today. Re- 
gionalization implies providing a level of care for the 
fetus, mother, and infant that matches the level of risk 
of the maternal]-fetal unit. Regionalization requires (1) 
an assessment of risk status and (2) provision of the 
appropriate level of services to the patients, including 
referral and transport if necessary. This idea has been 
better explored and accepted for low birth weight and, 
especially, very low birth weight deliveries than it. has 
for normal birth weight deliveries. Looking at linked 
birth-death records from four states for 1978 and 1979, 
Gortmaker et al. found significantly lower mortality 
rates in infants weighing 750 to 1500 gm who were 
delivered at level 3 hospitals. Paneth et al.* found sim- 
ilar results in 501 to 2250 gm infants born in New York 
City between 1976 and 1978. Other studies have shown 
an increasing percentage of deliveries of very low birth 
weight infants occurring at level 3 centers in the past 
15 years." This increased delivery of low birth weight 
and especially very low birth weight infants at level 3 
centers has been found to be associated with a decrease 
in birth weight—specific neonatal mortality rates, 

However, few investigators have looked at the effect 
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Table V. Reported intrapartum complications 
(percent). by prepartum risk status and 
hospital level in normal birth weight infants: 
Georgia, 1979 to 1982 
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Table VI. Neonatal mortality by prepartum 
and intrapartum risk status and hospital level 
in normal birth weight infants: Georgia, 1979 
to 1982 








Hospital level 







Prepartum 
risk status 






Overall 





Low’ 11.7 16.7 13.8 13.8 
Moderate 11.2 15.6 15.2 13.1 
High 22.4 26.2 24.7 23.7 


RR of intrapartum complication 1.7 (95% CI, 1.7, 
1.8) (bigh- vs low-risk women) 





RR, Relative risk; CI, confidence interval. 


of thelevel of care in normal birth weight infants. In 
anvanalysis of regional perinatal mortality in Norway, 
Bakketeig et al. found lower fetal and early neonatal 
mortality rates in those areas that had higher levels of 
perinatal medical services, an effect that was most pro- 
nounced in infants weighing >3500 gm. In South Car- 
olina, perinatal mortality rates were lower in a program 
that required delivery at a level 2 or 3 hospital for all 
participants.” 

Our results from Georgia seem to indicate several 
things. Even among women delivering normal birth 
weight babies, women with a high prepartum risk score 
had an increased chance of experiencing a neonatal 
death. However, this risk was lower if the mother de- 
livered at a hospital having level 2 or 3 neonatal care 
facilites. When looking at prepartum level of risk 
alone, we found no difference in the risk-specific neo- 
natal mortality rates for normal birth weight infants 
born in level 2 versus level 3 hospitals. 

Complications during labor, however, can develop in 
any pregnancy. Women who were high risk before the 
onset of labor had a risk of developing a complication 
during labor and delivery that was 70% greater than 
that of low-risk women. This increase in intrapartum 
complications in high prepartum risk women was pres- 
ent at all hospital levels. Overall, almost one quarter of 
all women who were high risk in the prepartum period 
developed some problem in the intrapartum period. 

As would be expected, a complication of labor in- 
creased the risk of neonatal death in all the risk groups 
and at all the hospital levels. The chance of neonatal 
death was from 1.4 to 5.4 times greater in women with 
an intrapartum complication compared with women of 
the same prepartum risk group delivering at the same 
level of hospital who did not develop a complication of 
labor. 

When we stratified by the presence or absence of an 
intrapartum. complication, we found an interactive ef- 
fect in the relationship between prepartum level of risk, 
hospital level of care, arid risk of neonatal death. In 










Hospital level 





Prepartum 
risk status 


Intrapartum 
complication 






Low No LIO LLO 3 OEEO 


Yes 54 33 3.6 4.4. 
Moderate No 1.8 1.7 1.9 L8 

Yes 5.8 4.5 2.7 4.7 
High No 3.0 1.4 1.9 2.4 

Yes 11.5 7.6 5.6 RA 





women without a complication of labor, those with low 
and moderate prepartum risk had a risk of a neonatal 
death that was essentially the same for all levels of hos- 
pital care. However, for high prepartum risk women 
without a complication of labor, we found a 58%.ins 


creased risk of a neonatal death if the woman delivered 


at a level 1 compared with a level 3 hospital. 
However, for women with an intrapartum compli- 
cation, we found that within each risk group, there was 


a gradient of decreasing neonatal mortality with in- <> 


creasing level of hospital care. For each risk group, _ 
women who developed a complication of labor had the. 
greatest risk of neonatal death if they delivered at a 
level | hospital. This was not a function of the volume 
of deliveries at the level 1 hospitals but seemed to bea; 
characteristic of the level 1 status of the facility. 

Despite the lower risk of neonatal death among 
women in the high prepartum risk group, as well as all 
women developing a complication of labor if they de- 
livered at a higher level hospital, there was little evi- 
dence of referral of such women to these higher level 
facilities. In its recent evaluation of the cost and effec- 
tiveness of neonatal intensive care in low birth weight 
infants," the U.S. Office of Technology Assessment 
found that some very low birth weight infants were not 
delivered at level 3 hospitals despite the fact that im- 
proved outcomes, both in mortality and long-term de- 
velopment, were found with referral to neonatal inten- 
sive care units. The Office of Technology Assessment 
found three main reasons for the lack of use of this 
technology: (1) most important, a lack of awareness on 
the part of physicians of the improvement in outcome 
with delivery at an appropriate level facility; (2) the 
desire of physicians or lower level hospitals to be viewed 
as capable of providing a complete range of services, 
and (3) financial inability of the woman to pay for the 
high cost of neonatal intensive care. 

We suspect that the factors cited by the Office of 
Technology Assessment may play an even. greater role 
in the lack of referral in the case of normal birth weight 
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infants. The knowledge that normal birth weight babies 
can and do suffer excess mortality despite their overall 
low neonatal mortality rate is not widespread and thus 
may not be fully appreciated. Thus the advisability of 
referring a high-risk woman who has reached term is 
frequently not considered. Because of the public per- 
ception that all normal birth weight infants survive, 
hospitals and physicians may be especially reluctant to 
refer women near term, feeling that it reflects adversely 
on their abilities. In addition, the prepartum diagnosis 
of low birth weight and very low birth weight is rela- 
tively straightforward, especially in patients for whom 
gestational age is known. To assess prepartum risk on 
the basis of criteria other than birth weight, a formal 
prepartum risk assessment needs to be performed. Al- 
though this concept has been discussed for many years, 
especially in the public health sector, it is not currently 
the norm in all obstetric practices. The risk scoring 
method that we used for this study was designed spe- 
cifically for use with vital record data. However, many 
excellent clinically based risk systems are available'* ° 
that can incorporate those factors found in prenatal 
care and provide the caregiver with a more detailed 
picture of the woman’s risk status. 

Because we performed a study using linked vital rec- 
ords, we encountered those limitations common to all 
studies in which vital records are used. (1) The precision 
of our risk assessment, diagnosis of complications of 
labor, and inability to look at maternal and neonatal 
transport were limited by our data source. However, 
vital records offer the advantage of large numbers of 
births and deaths and readily available data. We feel 
that it is an appropriate first approach to take when 
looking at an event, such as neonatal death in normal 
birth weight infants, that occurs at a relatively low rate 
(2.1/100 livebirths in our population). (2) Information 
on risk factors and complications of labor were re- 
corded retrospectively, with the possibility of recall bias. 
However, the risk factors are obtained from the ma- 
ternal medical record and are prepartum events. Thus 
neonatal outcome should not bias the calculation of the 
risk score. (3) The potential for incomplete ascertain- 
ment exists whenever vital records are used. Since 1974, 
Georgia birth certificates have contained check boxes 
for complications of pregnancy, complications not re- 
lated to pregnancy, and complications of labor and de- 
livery, a method shown to capture more complications 
than open-ended items. In 1979 to 1982, 95% of Geor- 
gia birth certificates were complete for these compli- 
cations, which leads us to believe that overall ascertain- 
ment is satisfactory. In addition, the fact that there was 
an increased rate of complications of labor in high-risk 
women at all hospitals indicates that there was not a 
substantial. difference in reporting at the different 
levels of hospitals. 
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On the basis of our findings, we suggest that neonatal 
mortality in normal birth weight infants might be low- 
ered by performing an appropriate clinical risk assess- 
ment on all pregnant women and planning to deliver 
those women with a high prepartum risk score at a 
hospital with level 2 or 3 neonatal care facilities. Those 
women who develop a complication of labor, even at 
term, should be considered for maternal transport if 
this can be safely accomplished. For this to occur, peri- 
natal care providers and the public need to be educated 
about the importance of risk assessment and delivery 
at an appropriate level facility for all babies, regardless 
of birth weight. Further research should be conducted 
to corroborate the findings of this study, which used 
clinical risk assessment instruments and evaluated the 
safety of intrapartum transport. 

If we are to meet our 1990 objectives for neonatal 
mortality, obstetricians and public health planners must 
identify those groups at increased risk of mortality and 
develop specific intervention strategies targeted at spe- 
cific groups. To achieve this in this era of emphasis 
on decreasing medical care costs, it is important to use 
medical technology and health care resources in the 
most cost-effective manner while still striving for the 
lowest mortality rate. This implies that the level of care 
provided directly corresponds to the risk of experi- 
encing an adverse outcome. Our challenge must be to 
use our current technology in the most effective man- 
ner to improve the outcome for all infants, including 
the 95% that are not low birth weight. 
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Postdate fetal surveillance: Is 41 weeks too early? 
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During an 18-month period, 293 patients had a nonstress test and ultrasonographic evaluation of amniotic 
fluid volume twice weekly beginning at 41 weeks’ gestation. Patients were admitted for induction of labor 
for either an abnormal nonstress test result or oligohydramnios. A control population consisted of 59 
low-risk patients who were delivered between 39 and 41 weeks’ gestation and had antepartum testing 
within 4 days of delivery. Study patients who were delivered between 41 and 42 weeks’ gestation had a 
significantly increased incidence of abnormal nonstress tests, oligohydramnios, cesarean sections for fetal 
distress, and admissions to the neonatal intensive care unit compared with control patients. The abnormal 
fetal testing and adverse perinatal outcome associated with pregnancies over 42 weeks were also found in 
pregnancies between 41 and 42 weeks’ gestation. These data support the concept that postdate fetal 
testing should begin at 41 weeks of gestation. (Am J OssteT GYNECOL 1989;161:91-3.) 
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More than 25 years ago, McClure-Browne!' showed 
that perinatal morbidity and mortality are increased 
after 42 weeks’ gestation. Eighty percent of these deaths 
occurred before or during labor,’ The presumed patho- 
genesis of the complications associated with the post- 
date pregnancy relates to progressive uteroplacental 
insufficiency. As gestational age advances, uteroplacen- 
tal insufficiency leads to fetal asphyxia, oligohydram- 
nios, meconium aspiration, decreased subcutaneous tis- 
sue; and in severe cases fetal central nervous system 
damage and death." 

In recent years improved outcome has been realized 
through advances in fetal testing. Electronic fetal mon- 
itoring and ultrasonography have helped identify the 
postdate fetus who would benefit from delivery. As a 
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result, current trends favor selective intervention in- 
stead of routine induction. A variety of testing protocols 
have been designed and usually incorporate some com- 
bination of the nonstress test, contraction stress test, 
biophysical profile, or amniotic fluid volume assess- 
ment, either weekly or twice weekly. These testing 
schemes are usually initiated when the pregnancy had 
exceeded 42 weeks from the onset of the last menstrual 
period. However, the changes ascribed to the utero- 
placental insufficiency of postdate pregnancies proba- 
bly represent a continuum that may in fact begin before 
42 weeks. Several recent studies suggest that perinatal 
morbidity and mortality actually begin after 40 weeks’ 
gestation." ê 

The purpose of this study was to assess the value of 
antepartum fetal testing in the 41- to 42-week. period. 


Material and methods 


The study group consisted of 293 patients who had 
fetal testing at the Hospital of the Albert Einstein Gol- + 
lege of Medicine between July.1986.and January 1988. 
To assure accurate assignment of gestational age, study 
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Table I. Perinatal outcome of control subjects 
and study patients delivered at 41 to 42 weeks 
















Control | Delivery at 


subjects | 41-42 wk p 
No. of patients 59 139 
Abnormal nonstress test 4 34 <0.01 
Oligohydramnios 0 19 <0.02 
Cesarean section for l l4 <0.05 
fetal distress 
Apgar score =6 at 0 0 NS 
5 min 
NICU admissions 0 9 <0.05 
Perinatal deaths 0 0 NS 





NICU, Neonatal intensive care unit. 


patients were required to meet all of the following cri- 
teria: (1) last menstrual period known with certainty, 
(2) regular menses, (3) first-trimester clinical exami- 
nation that confirmed dates, and (4) an ultrasono- 
graphic examination before 20 weeks’ gestation con- 
sistent with dates. 

These patients had no medical or obstetric problems. 
Antepartum fetal testing began at 41 weeks’ gestation 
and consisted of a nonstress test and an ultrasono- 
graphic evaluation of amniotic fluid volume. The non- 
stress test was considered abnormal in the presence of 
recurrent variable-late decelerations or 120 minutes of 
a nonreactive tracing. Oligohydramnios was defined by 
ultrasonogram as the largest pocket of amniotic fluid 
<2 cm in vertical depth. Patients were admitted for 
labor induction for either an abnormal nonstress test 
result or oligohydramnios. Patients with normal ante- 
partum fetal testing were followed up twice weekly until 
spontaneous labor occurred. 

The control population consisted of patients who 
were delivered between 39 and 41 weeks’ gestation. 
This was a group of low-risk patients who were referred 
for routine testing at term. There were 59 such patients 
during the study period. These patients had their last 
antepartum assessment within 4 days of delivery. Pa- 
tients with an abnormal nonstress test result or oligo- 
hydramnios were referred for induction of labor. All 
others labored spontaneously. 

Obstetric and neonatal records were reviewed for 
study cases and controls. Perinatal outcome was eval- 
uated by the following criteria: cesarean section for 
fetal distress (scalp pH <7.2 or recurrent severe 
variable-late decelerations occurring in early labor 
when a scalp pH was technically not obtainable), Apgar 
scores of =6 at 5 minutes, admissions to the neonatal 
intensive care unit, and perinatal deaths. Statistical 
analysis was performed by means of the x’ test. 


Results 
Of the 293 patients in the study group, 139 patients 
were delivered between 41 and 42 weeks’ gestation and 
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Table H. Perinatal outcome of study patients 
delivered at 41 to 42 weeks and <42 weeks 














Delivery at 
41-42 weeks 


Delivery after 
42 weeks 





No. of patients 139 154 

Abnormal nonstress test 34 22 <0.05 

Oligohydramnios 19 16 NS 

Cesarean section for 14 14 NS 
fetal distress 

Apgar score <6 at 0 l NS 
5 min 

NICU admissions 9 6 NS 

Perinatal deaths 0 0 NS 








NICU, Neonatal intensive care unit. 


154 were delivered after 42 weeks. Perinatal outcome 
for controls and study patients between 41 and 42 
weeks is shown in Table I. The group of women who 
were delivered between 41 and 42 weeks had a signif- 
icantly increased incidence of abnormal nonstress tests, 
oligohydramnios, cesarean sections for fetal distress, 
and admissions to the neonatal intensive care unit when 
compared with the control group who were delivered 
between 39 and 41 weeks. There was no significant 
difference in Apgar scores. 

When the study group who were delivered between 
41 and 42 weeks was compared to the women who were 
delivered after 42 weeks, there was no significant dif- 
ference in any of the outcome parameters except ab- 
normal nonstress tests. Surprisingly, there were more 
abnormal nonstress tests in the 41- to 42-week group 
than in the over 42-week group. There were no peri- 
natal deaths in any of the groups evaluated. 


Comment 


The results of this study indicate that the abnormal 
fetal testing and adverse perinatal outcome associated 
with pregnancies >42 weeks’ gestation are also found 
in pregnancies between 41 and 42 weeks’ gestation. 

Recent studies that evaluated intrapartum and neo- 
natal parameters suggest that significant morbidity and 
mortality exist before the period classically used to de- 
fine the postdate pregnancy (294 days). Grausz and 
Heimler’ found the mean gestational age of neonates 
with unexpected asphyxia to be 288.8 days. Those in- 
fants who died or had neurologic sequelae had a mean 
gestational age of 291 days. Arias’ showed that com- 
plications related to macrosomia, fetal distress, meco- 
nium aspiration, and postmaturity significantly in- 
creased from 5.6% at 38 to 40 weeks to 24.7% between 
41 and 42 weeks. In a recent review on antepartum 
testing in the postdate pregnancy, Benedetti and 
Easterling® stated that “the traditional use of 42 weeks, 
or 294 days, to identify the fetus at risk in postterm 
pregnancy should be reconsidered.” 

The purpose of this study was to evaluate the role 
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of antepartum testing in the 41- to 42-week period. 
When conservative management of the postdate fetus 
is elected, antenatal testing is used to identify the fetus 
that needs to be delivered. Abnormal fetal heart rate 
patterns and oligohydramnios are well-accepted indi- 
cators for intervention in pregnancies over 42 weeks.* 
In our study, both of these indicators were found with 
increased frequencies in pregnancies between 41 and 
42 weeks (Table IH). This may be explained in part by 
the fact that patients with abnormal testing between 41 
and 42 weeks were referred for induction and were 
therefore excluded from the over 42-week group. 
Twenty-five percent of patients who were delivered be- 
tween 41 and 42 weeks had abnormal nonstress tests 
and 14% had oligohydramnios. In contrast, a very low 
frequency of abnormal tests was found in pregnancies 
between 39 and 41 weeks. 

A presumed cause of the morbidity and mortality 
associated with postdate pregnancies is progressive 
uteroplacental insufficiency. It is postulated that when 
the aging placenta cannot keep pace with the demands 
of the fetus, both chronic and acute compromise be- 
come evident in the form of decreased growth, oligo- 
hydramnios, and fetal hypoxia.’ Additionally, Leveno 
et al.” have shown that fetal distress in postdate patients 
can be explained by oligohydramnios and cord 
compression. 

Several studies have shown increased perinatal mor- 
tality after 42 weeks’ gestation.'* °° The purpose of 
antepartum fetal testing is to recognize changes in the 
fetal-placental unit that occur before the onset of per- 
manent fetal damage. Therefore, it is not surprising 
that fetal testing would detect pathologic conditions 
before 42 weeks’ gestation. In addition, the exact patho- 
physiologic features of uteroplacental insufficiency are 
still unclear.'° 
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Morphometric studies have attempted to correlate 
fetal postmaturity with a wide variety of placental le- 
sions. Other investigators have attempted to explain 
these changes on the basis of biochemical alterations:in: 
the postdate fetus.? None have been uniformly suc- 
cessful. Additional studies are needed before the utero- 
placental insufficiency associated with postdate preg- 
nancies is clearly understood. However, there is in- 
creasing evidence to suggest that these changes do not” 
begin in all pregnancies at precisely 294 days. 

In summary, this study supports the concept that the 
traditional use of 42 weeks to identify the fetus at risk 
does, in fact, need to be reconsidered. These results 
indicate that postdate fetal testing should begin at 41 
weeks of gestation. 
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Sarcoma associated with pregnancy 
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A case is reported of sarcoma associated with pregnancy in which the patient underwent a cesarean 
section with myomectomy and was delivered of a living infant. A pathologic examination indicated 


‘Sarcoma. (Am J OBSTET GYNECOL 1989;161:94-6.) 


Key words: Sarcoma, pregnancy 


Sarcoma is rarely associated with pregnancy. This 
case report describes a patient with sarcoma in preg- 
nancy. The pathologic examination revealed well- 
differentiated leiomyosarcoma. The patient was deliv- 
ered of a healthy infant. 


Case report 
A 29-year-old, gravida 0, unmarried woman with her 


marriage near at hand requested the examination of 


< antibody titer for rubella on December 23, 1982. 
~. On B-scan ultrasonography there were unclear small 
- myomatous nuclei in the uterus (Fig. 1). Her medical 
~ history was noteworthy in that she had infantile rheu- 
-matisi at 7 years of age and was hospitalized 3 months. 
On November 25, 1983, at 8 weeks’ gestation, on B- 
scan ultrasonography a tumor three times as large as 
- an‘adult thumb was detected on the right anterior side 
-< ofthe uterus (Fig. 1). Blood and biochemical test results 
were normal, 
On May 26, 1984, at 34 weeks’ gestation, she had 
abdominal pain, which was eliminated by analgesics. 
There seemed to be a partial necrosis in the subserous 
myoma.on B-scan ultrasonography (Fig. 1). On June 
20,.at 37 weeks’ gestation, she underwent a cesarean 
section with myomectomy because of nonreactivity in 
a nonstress test and a low estriol level. She was delivered 
-of a living 2640 gm infant with an Apgar score of 9. 
. The placenta was intact and it weighed 700 gm. The 
membrane was normal. The subserous myoma was the 
size of a goose egg (80 X 55 mm) and it was soft on 
the right anterior side of the uterus. There were several 
holes.on the surface of the uterus. Fluid-like pus oozed 
from the holes. The uterus had several subserous my- 
vomas; but they were left as they were. The subserous 
myoma of goose egg size was diagnosed as well- 
differentiated leiomyosarcoma (Fig. 2). 
On July 6, 1984, she underwent a total abdominal 
hysterectomy. Bilateral ovaries were intact so they were 
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left alone (Fig. 3). After the surgical procedure she 
received treatment with Picibanil. a-Fetoprotein, car- 
cinoembryonic antigen, ferritin, and CA 125 levels 
were normal before and after the two operations. 
On August 6, pyelitis was diagnosed. Picibanil was 
stopped, and she was discharged from the hospital 
August 19. We have closely watched the course of the 
disease. 


Comment 


Malignant tumor (ie., malignant ovarian cyst) in 
pregnancy is rare; it was reported in 1 of 25,000 preg- 
nancies.' Sarcoma associated with pregnancy is rarer 
than malignant ovarian cyst associated with pregnancy. 
There are many statistical and pathologic reports with 
regard to sarcoma, but there are few practical case re- 
ports that pertain to sarcoma in. pregnancy. The sar- 
coma destructively invaded neighboring tissue and de- 
generation and necrosis in the tumor center resulted. 
Sarcoma is well known for its metastasis in the circu- 
lation of the blood. The purpose of this case report is 
to describe the resistance to sarcoma cells during preg- 
nancy. 

When we first saw the patient she was not pregnant 
but had subserous myoma in the uterine cavity. After 
she was pregnant the subserous myoma gradually in- 
terfered with the developing fetus and was pressed into 
the anterior segment of the uterus. The sarcoma, which 
we originally thought to be a subserous myoma, was 
scattered in the pelvic cavity (Fig. 4). 

Why couldn’t the sarcoma invade the gestational sac? 
Why couldn’t the sarcoma cell in this case pass through 
the placenta? 

Sarcomas are very destructive. But the fetal mem- 
brane was neither damaged nor stained yellow by the 
sarcoma. It was intact. The gestational sac is made up 
of three layers: amnion, chorion, and decidua (Fig. 4). 
Chorion consists of five layers: superficial cells, type 1V 
collagen, type V collagen, type IH collagen, and type 
I collagen. In premature rupture of the membranes, 
the break’ in. the chorion is thought to-be made at the 
layer of type III collagen by esterase of leukocytes. But 
it also has been reported that cancer cells with strong 
metastatic. power secrete large amounts of type IV col- 
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Fig. 1. Growth and location of sarcoma as pregnancy progresses according to B-scan ultrasonography. 





Fig. 2. Subserous myoma of goose egg size was diagnosed as well-differentiated leiomyosarcoma. 
There are large and small fibrous atypical cells after several mitoses. 


lagenase.® The patient's placenta was normal; it had no 
defect and weighed 700 gm. 

Chorion and decidua are part of the endometrium. 
Decidual cells are said to change the fibroblast cells of 
endometrium. Fibroblast cells are concerned with fi- 
bronectin. [tis said that fibronectin “catches” carcinoma 
cells, which enables both leukocytes and macrophages 
to “kill” them. Fibronectin has an opsonic function 
against carcinoma cells. There are fibrinoids in the cel- 
lular space of decidual cells. We believe the role of 
fibrinoids is to bind both villi and decidua on myo- 
metrium during pregnancy. Deep in the decidua there 
is decidual spongiosa, which is tough and has a low 
response level so sarcoma cells cannot invade the ges- 
tational sac. 

Amnion, chorion, and decidua provide a strong de- 
fense against foreign invaders; however, they have a 
low tolerance to inner invaders such as destructive mole 











Fig. 3. Total abdominal hysterectomy was performed on day 
16 after cesarean section. Specimen has numerous tumors in 
uterine Cavity. 
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Fig. 4. Sarcoma cells in relationship to structural layers of uterus during pregnancy. 
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Primary stress urinary incontinence and pelvic relaxation: 
Prospective randomized comparison of three 
different operations 


Arieh Bergman, MD, Paul P. Koonings, MD, and Charles A. Ballard, MD 


Los Angeles, California 


There were 289 women with clinical and urodynamic diagnosis of primary stress urinary incontinence, 
stable bladder, and pelvic relaxation who underwent a single-stage surgical procedure because of 
incontinence and pelvic relaxation. Patients underwent one of three surgical procedures because of stress 
incontinence-—anterior colporrhaphy, revised Pereyra procedure, or Burch retropubic urethropexy. 
‘Decisions with regard to the type of bladder neck suspension and the surgeon were made randomly with a 
‘randomization table. Each patient had a complete clinical and urodynamic evaluation before surgery and at 


3 and 12 months after surgery. Cure rate as defined by strict clinical and urodynamic criteria was not 
“significantly different among the three groups at the 3-month postsurgical evaluations; however, at the 
12-month postsurgical evaluations, the cure rate among women who underwent Burch urethropexy 
(n = 101) was significantly higher than that of either Pereyra or anterior colporrhaphy (cure rates were 
87%, 70%, and 69%, respectively; p < 0.01). The Burch urethropexy was more effective than the Pereyra 
procedure or anterior colporrhaphy in the stabilization of the bladder base and resulted in a significantly 
better cure rate in women with primary stress urinary incontinence and pelvic relaxation (AM J OBSTET 


Gynecot 1989;161:97-101,) 
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Genuine stress urinary incontinence is a pathologic 
condition usually accompanied by poor support to the 
pelvic organs and excessive mobility of the bladder base 
on stress.''? Anatomically, the pelvic organs are sup- 
ported by the pelvic diaphragm (levator ani muscle and 
fascia) and the pubovesicocervical ligaments.** Failure 
of support to the bladder frequently is part of a picture 
of generally defective pelvic support, and pelvic relax- 
ation results in prolapse of both bladder and uterus.’ 
Most women with primary stress urinary incontinence 
and pelvic relaxation will show various degrees of uter- 
ine prolapse, cystocele, and rectocele. Surgical proce- 
dures to lift and stabilize the bladder and urethrovesical 
junction frequently necessitate vaginal hysterectomy 
and posterior colporrhaphy to correct the other com- 
ponents of pelvic relaxation, 

Numerous surgical approaches to stabilize the blad- 
der base have been designed. The three most popular 
surgical approaches for primary stress urinary incon- 
tinence are anterior colporrhaphy,’ vaginal retropubic 
procedure (Pereyra-Stamey type’ ’) and abdominal 
retropubic procedures (Burch and Marshall Marchetti- 
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Krantz**). Comparative studies of the surgical results 
of these procedures are difficult to interpret because 
all but one are retrospective studies of various groups ` 
of patients with different pathologies and degrees of 
pelvic relaxation.'’*'* One prospective study was done 
without author randomization and with the degree of 
pelvic relaxation uncontrolled.'* The present work was 
undertaken to study prospectively and in a randomized 
comparative manner the results of three different op- 
erations for stress urinary incontinence (anterior col- 
porrhaphy, revised Pereyra procedure, and. Burch 
retropubic urethropexy) in women with genuine stress 
incontinence and pelvic relaxation with the use of ob- 
jective clinical and urodynamic criteria. 


Material and methods 


A total of 342 women with clinical and urodynamic 
diagnosis of primary genuine stress urinary inconti- 
nence and pelvic relaxation were evaluated in the 
Gynecology-Urology Service at Women’s Hospital, Uni- 
versity of Southern California School of Medicine, be- 
tween January 1986 and June 1987 and were found to 
be eligible for this study. Women with previous anti- 
incontinence surgical procedures or findings of com- 
bined stress incontinence with detrusor instability were 
excluded from the study. Women with gynecologic con- 
ditions that required laparotomy were not included. All 
women had various degrees of pelvic relaxation neces- 
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Table I. Results of anti-incontinence 
procedures in 298 patients undergoing 
operation because of stress 

urinary incontinence 










Failure rate 








3 Months 
after surgery 


12 Months 


Procedure after surgery 





Burch 11 (11%) 13 (13%) 
N = 101 

Pereyra 19 (19%)* 297 (30%) 
N = 98 

Anterior 20 (20%)* 31 (31%) 
colporrhaphy 
N = 99 





*No change of statistical significance compared with Burch 
procedure by x? test. 


tp < 0.02 by x? test compared with Burch procedure. 
Fp < 0.01 by x? test compared with Burch procedure. 


sitating vaginal correction (cystorectocele repair with 
or without vaginal hysterectomy). Patients’ mean age 
was 57 years (range, 31 to 80) and mean parity was 3 
(range, 1 to 13). There were 191 patients who were 
postmenopausal and 151 patients who were premen- 
opausal, 

Evaluation included history and physical examina- 
tion with neurologic screening tests of the S; to S, lower 
micturition center, urine culture, Q-tip test, dynamic 
water urethrocystoscopy, standing provocative ure- 
throcystometry (at a filling rate of 60 ml/min), and 
urethral pressure profiles at rest and stress (repeat 
coughing) in the sitting position at maximal cystometric 
capacity. Pressures in the abdomen (approximated by 
vaginal recording), bladder, and urethra were mea- 
sured with two small (4 French) catheters with microtip 
pressure transducers (Models 20K 60 and 20K 62, Dan- 
tek Electronics) and recorded on a six-channel electro- 
physiologic recorder (Model 2100, Dantek Electronics, 
NJ) All postmenopausal women received Premarin 
vaginal cream (1 gram daily) for a minimum of 2 weeks 
before urodynamic evaluation and 4 additional weeks 
before surgery. These patients were encouraged to con- 
tinue estrogen replacement therapy indefinitely. 

Nineteen of the 342 women had had a previous hys- 
terectomy because of benign conditions and were 
scheduled to undergo vaginal cystorectocele correction 
in addition to the anti-incontinence operation. The 
other 323 women were scheduled for vaginal hyster- 
ectomy and cystorectocele repair in addition to their 
anti-incontinence procedure. All women in this series 
had pelvic relaxation that necessitated vaginal surgery. 
When hysterectomy was not indicated, women with 
genuine stress incontinence and minimal pelvic relax- 
ation or with a- well-supported, uterus had an anti- 
incontinence procedure only and were entered into a 
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different protocol that was reported separately.’ Vag- 
inal hysterectomy was abandoned because of technical 
difficulties in three women (two had endometriosis and 
one had previous pelvic inflammatory disease). These 
three patients underwent abdominal hysterectomy and 
were not included in the final analysis. 

After clinical and urodynamic evaluation, patients 
were randomly assigned (with the use of a randomiza- 
tion list’*) to one of three anti-incontinence surgical 
procedures. Randomization included the type of anti- 
incontinence procedure as well as the surgeon (one of 
the three authors). All surgical procedures were done 
by house staff and one of the three authors. Results of 
the urodynamic studies or the severity of stress incon- 
tinence were not considered when the type of anti- 
incontinence operation was selected. Women in group 
l had Burch urethropexy after the vaginal surgery. 
Women in group 2 had a modified Pereyra procedure 
after surgery for pelvic relaxation, and women in group 
3 had anterior colporrhaphy as their anti-incontinence 
procedure (in addition to cystocele and rectocele repair 
with or without vaginal hysterectomy). Anterior col- 
porrhaphy was performed by mobilization of the blad- 
der with upward displacement and buttressing of the 
bladder neck with the use of Kelly plication sutures, 
which included the pubocervical fascia with a delayed 
absorption suture (#0 Vicryl’). The modified Pereyra 
procedure included all of the modifications of the orig- 
inal technique with special emphasis on inclusion of 
the pubourethral ligaments and endopelvic fascia at 
the level of the proximal urethera and bladder neck 
with use of delayed absorbable sutures (#0 Vicryl) 
under endoscopic guidance.’ The Burch urethropexy 
included the basic principles of the Tanagho mod- 
ification®: (1) minimal dissections within 2 cm of the 
urethrovesical junction and urethra; (2) placement of 
sutures through the full thickness of the paravaginal 
fascia; (3) use of two delayed absorbable sutures (#0 
Vicryl) on each side, one opposite of the urethrovesical 


junction and another at the level of the midurethra; 


(4) removal of fatty tissue lateral to the sutures to stim- 
ulate fibrosis; and (5) tying of the sutures to the Coopers 
ligament with the use of intravaginal fingers to elevate 
the anterior vaginal wall. After surgery the bladder was 
drained by suprapubic catheter (5 F Bonnano catheter). 
The catheter was removed once; postvoid residual vol- 
ume was <50 ml on two consecutive occasions.” 

Clinical and urodynamic evaluations were repeated 
at 3 months and 12 months after surgery. A total of 
339 patients were eligible for this study (342 minus the 
3 who started as vaginal hysterectomy patients and be- 
came abdominal hysterectomy. patients). There were 
298 patients available for 1-year follow-up and they are 
the subject of this report. The other 41. patients were 
lost to follow-up. 

All terminology conforms. to that proposed by the 
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‘able Il, Urodynamic findings of 298 patients with stress urinary incontinence 










Urethral closure 
pressure (cm water) 


Abdominal pressure 
transmission 
ratio to the %* 







Urethral function 
length (cm) 









Before 
surgery 


1 Year 


Procedure after surgery 


Burch 

N = 101 

Success 43 + 21 47 + 267 
n = 88 

Failure 4,414 43 + 17+ 
n= 13 

Pereyra 

N = 98 

Success 46 + 25 48 + 24t 
n = 69 

Failure 44 + 27 45 + 46+ 
n = 29 

Anterior colporrhaphy 

N= 99 

Success 45 + 24 46 + 27+ 
n= 68 

Failure 47 + 28 44 + 23+ 
n= 31 






















1 Year 
after surgery 


Before 
surgery 


1 Year 
after surgery 


Before 
surgery 





3.3 + 1.7 3.5 + 1.9% 87 + 20 114 + 19} 
3.2 + 12 3.3 + LIF 85 + 22 89 + l4f 
34 £19 3.7 & 2.17 86 + 29 108 + 2.32 
3.3 £ 1.6 3.8 + 2t 83 + 24 86 + Z1? 
3.5 + 14 3.7 + 1.94 88 + 19 109 + 22% 
3.4 + 1.6 3.7 + L4 84+ 17 85 + 207 








Values are mean + SD. 


Pressure transmission ratio = abdominal pressure transmission to urethra/abdominal pressure transmission to bladder x 160 


(measured at mid urethra). 
+No significant change by two-tailed paired ¢ test. 
tp < 0.05 by two-tailed paired £ test. 


International Continence Society® except where spe- 
‘ifically mentioned. Cure from stress incontinence is 
defined as no history of urinary incontinence after sur- 
zery, no loss of urine at any postsurgical evaluation, 
ind negative cough profile on postsurgical urodynamic 
esting. Few women with presurgical findings of a stable 
bladder had postsurgical cystometric findings of detru- 
sor instability. They were considered to be “cured” if 
the detrusor instability was only a urodynamic finding 
with no subjective or objective evidence of urinary in- 
continence. The two-tailed paired ¢ test and x” tests were 
used for statistical anaylsis of the results. 


Results 

OF the 298 women in this study, 101 had Burch 
retropubic urethropexy as their anti-incontinence pro- 
cedure (group 1), 98 women had a Pereyra procedure 
(group 2), and 99 had anterior colporrhaphy as their 
anti-incontinence procedure (group 3). The three 
groups were comparable with regard to mean age, par- 
ity, and menopausal status. As shown in Table I, the 
failure rates 3 months after surgery were higher with 
the Pereyra procedure and anterior colporrhaphy, al- 
though this was not statistically significant. At the 
T-yéar postsurgical evaluation, the failure rate of Burch 
retropubic urethropexy was significantly lower than 
that of either the Pereyra procedure or anterior col- 
porthaphy (p< 0.01, Table I). The failure rate of the 


Burch procedure was similar at the 3-month and 12- 
month postsurgical evaluations, whereas many failures 
of the other two procedures (Pereyra and anterior col- 
porrhaphy) occurred between the 3-month and l-year 
postsurgical evaluations (Table 1). 

None of the three procedures resulted in significant 
changes in urethral resting parameters of functional 
length or closure pressure (Table II). All three pro: 
cedures resulted in significant increase in abdominal 
pressure transmission to the urethra with cough only- 
when the procedure was successful (Table H). 

Known risk factors such as presurgical low urethral 
pressure,” presurgical negative Q-tip test results,” and- 
previous hysterectomies™ were equally distributed 
among the three groups. Successful Burch procedures 
resulted in a well-supported urethrovesical junction at 
the I-year postsurgical evaluation, as judged by nega- 
tive Q-tip test results (Q-tip change of £30° on strain- 
ing). Four of the 12 Burch failures had positive post- 
surgical Q-tip test results (change of Q-tip angle 235° 
on straining). Of the 69 women cured by a Pereyra 
procedure, 36 had negative postsurgical Q-tip test re- 
sults after 1 year, whereas 18 of the 29 procedural 
failures had positive postsurgical Q-tip test results, OF 
the 65 women cured by anterior colporrhaphy, 36 had 
l-year postsurgical negative Q-tip test results, whereas 
99 of the 34 procedural failures had positive postsurg- 
ical Q-tip test results. 
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Table III. Resumption of spontaneous 
postsurgical voiding in 298 patients with stress 
urinary incontinence 








Procedure 










Anterior 
colporrhaphy 





Burch 





Days on 427 44 +23 4.3 + 2.5 


catheter 





Values are mean + SD. 


None of the procedures resulted in significant post- 
surgical voiding difficulties, and most women were able 
to void spontaneously with adequate (550 ml) residual 
urine volume by the fifth day after surgery (Table IHI). 


Comment 


Results of this prospective randomized study with the 
use of strict clinical and urodynamic criteria demon- 
strate that Burch retropubic urethropexy resulted in a 
better 1-year cure rate than either the Pereyra proce- 
dure or anterior colporrhaphy in women with primary 
stress urinary incontinence and pelvic relaxation. At 
the 3-month postsurgical follow-up evaluations, cure 
rates of the three procedures were not significantly dif- 
ferent; however, at the 1-year postsurgical evaluation 
the differences in cure rates among the three proce- 
dures were significant in this study. The cure rates of 
the Burch procedure were similar throughout the study 
period, whereas the vaginal techniques did not hold 
their early good cure rates over time. Numerous clinical 
studies have retrospectively compared results of vaginal 
versus abdominal retropubic surgical approaches for 
stress urinary incontinence.'*'* The majority of these 
retrospective comparative studies demonstrate that 
long-term results of the vaginal procedures are not as 
good as the abdominal ones.'""" All of these studies have 
the weakness of being retrospetcive series with differ- 
ent surgical approaches performed on different pop- 
ulations. Stanton et al.‘ compared vaginal versus ab- 
dominal retropubic procedures in a prospective man- 
ner, but patients and surgeons in that study were not 
randomized. The results of Stanton's series show that 
the vaginal operation is not as good as the abdominal 
retropubic procedure with long-term objective follow- 
up.'* The present series confirms the previous retro- 
spective observations as well as Stanton’s findings, in a 
prospective randomized manner. 

Only two criteria were used in this study to assess 
surgical results—“cure” or “failure.” No patients were 
described as “improved” because such a diagnosis 
leaves room for subjective interpretations and personal 
bias.. More than half of the procedures considered as 
failures by strict objective criteria were not considered 
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to be failures by subjective criteria of the patients. The 
differences among subjective and objective criteria 
were similar in the three groups. 

Primary stress urinary incontinence is usually accom- 
panied by various degrees of pelvic relaxation. Pelvic 
relaxation often requires vaginal correction in addition 
to anti-incontinence bladder neck suspension. A sur- 
geon who performs a vaginal operation is tempted to 
do a vaginal bladder neck suspension because the pa- 
tient is already positioned for vaginal surgery. To 
change the patient's position to “frog leg” and to re- 
drape her for abdominal incisions adds about 10 min- 
utes to surgical time and requires additional nursing 
work to reposition the patient. Improved long-term 
surgical results, as reported in this series, justify this 
extra time and effort. 

The three techniques of bladder neck suspension are 
those practiced in the community, although they have 
undergone some modifications. The Pereyra proce- 
dure we described has few of the elements of the Sta- 
mey bladder neck suspension.” Pereyra et al.‘ in their 
last report used nonabsorbable sutures. We have used 
delayed absorbable sutures as described earlier,’ and 
used similar sutures in all three procedures. 

Known risk factors such as preoperative low urethral 
pressure,” negative Q-tip test results,” or previous 
operations”! were equally distributed among the three 
groups and did not apparently affect differences in 
final cure rate. All three procedures increased abdom- 
inal pressure transmission to the urethra when suc- 
cessful, and all three procedures had an insignificant 
effect on urethral closure pressure or urethral func- 
tional length. All procedures resulted in adequate re- 
sumption of spontaneous postsurgical voiding. The pri- 
mary difference among the three procedures was their 
ability to stabilize the bladder base, as evaluated by post- 
surgical Q-tip test results. The Burch procedure sta- 
bilized the bladder base and urethrovesical junction 
better than did the two vaginal procedures. Many 
women who were clinically cured of their stress incon- 
tinence after their vaginal procedure still had increased 
bladder base mobility as judged by positive postsurgical 
Q-tip test results. This finding indicates that other fac- 
tors may have cured these women other than the sta- 
bilization of their bladder base. Women may be conti- 
nent during stress despite increased bladder base mo- 
bility by a kinking effect on the urethra as suggested 
by Beck” and Bump,” or by increased abdominal pres- 
sure transmission to the urethra through the rectum 
as suggested by Hertogs and Stanton.” The main dif- 
ference in clinical response among the three groups 
was in long-term cure rate. Positive postsurgical Q-tip 
test results and increased bladder base mobility after 
the vaginal procedures may represent. a less effective 
bladder base support, which may result in further clin- 
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ical failures. Longer follow-up of 3 to 5 years is nec- 
essary to deterimne whether this is true. 

Results of this series demonstrate that the Burch 
retropubic urethropexy was more effective in treating 
genuine stress incontinence in our study than either 
the Pereyra procedure or the anterior colporrhaphy. 
Anterior colporrhaphy and the Pereyra procedures are 
associated with a 70% objective cure rate, which makes 
them reasonable options for patients with primary gen- 
uine stress urinary incontinence, if a procedure has to 
be terminated quickly because of a patient’s poor gen- 
eral condition, or if the patient refuses abdominal pro- 
cedure. 
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Saline solution amnioinfusion for oligohydramnios after 
premature rupture of the membranes 


A preliminary report 


Motoharu Imanaka, MD, Sachio Ogita, MD, and Tadashi Sugawa, MD” 


Osaka, Japan 


In the conservative management of premature rupture of the membranes, most patients have 
oligohydramnios caused by continuous leakage of amniotic fluid. To avoid unfavorable effects of 
oligohydramnios on fetal development and well-being, we infused physiologic saline solution continuously 
into the amniotic cavity at a flow rate of 10 to 20 ml/hr with a new cervical indwelling catheter 
(PROM-fence). As a result the average pocket size of amniotic cavity was 2.7 cm before amnioinfusion, 
5.9 cm 1 day after, 5.8 cm 5 days after, and 5.0 cm 10 days after amnioinfusion. The saline solution 

“amnioinfusion made it possible to keep the amniotic cavity fluid level adequate. Variable deceleration 
disappeared in one case. No side effects such as uterine contractions were observed. We recommend the 
method of saline solution amnioinfusion for its favorable effects on fetal environment during management 
of premature rupture of membranes. (Am J OBSTET GYNECOL 1989:161 102-6.) 


Key words: Saline solution amnioinfusion, oligohydramnios, premature rupture of the 


membranes, cervical indwelling catheter 


Premature rupture of the membranes (PROM) is a 


-major cause of preterm delivery. Management of 


PROM remains one of the most important unsolved 
obstetric problems. When PROM is managed conser- 
< vatively, most patients have oligohydramnios to a 
greater or lesser degree as a result of the continuous 
leakage of amniotic fluid. Neonates delivered from 
“pregnancies complicated by oligohydramnios some- 
times have pulmonary hypoplasia, retarded growth, or 
both, because physiologic fetal growth, especially fetal 
lung development, requires a critical volume of am- 
niotic fluid.’ * Theoretically, the absence of amniotic 
fluid allows the uterus to exert continuous pressure 
against the fetus, resulting in abnormal fetal growth 
and development. 
“Mosberg et al.” reported a high rate of cesarean sec- 
_ tion for fetal distress because of intrapartum fetal heart 
rate patterns consistent with umbilical cord compres- 
sion. They speculated that the high incidence (76%) of 
“severe variable deceleration in patients with fetal dis- 
“tress was a result of oligohydramnios. 
There are no effective ways to treat oligohydramnios 


From the Department of Obstetrics and Gynecology, Osaka City Peri- 
natal Center,’ and the Department of Obstetrics and Gynecology, 
Medical School, Osaka City University. 

Received for publication July 21, 1988; revised December 21, 1988; 
accepted January 30, 1989. 

Reprint requests: Motoharu Imanaka, MD, Department of Obstetrics 
and. Gynecology, Osaka City. Perinatal Center, 1-Bainan,, Nishi- 
nari; Osaka, Japan, 537: 


102 


in the conservative management of PROM. Most pa- 
tients are simply treated with bed rest in Trendelen- 
burg’s position. 

We devised a new cervical indwelling catheter 
(PROM-fence) to solve the clinical difficulties associated 
with PROM. The catheter plugs the rupture and pre- 
vents the outflow of amniotic fluid and ascending in- 
fection. > Even with this technique it is very difficult to 
restore the amniotic fluid volume, much of which has 
been lost before the insertion of the catheter. To pre- 
vent unfavorable effects on fetal development and 
health, saline solution containing dissolved antibiotics 
is infused continuously into the amniotic cavity. 


Material and methods 

The study group consisted of 10 women between 22 
and 32 weeks of gestation with amniotic fluid loss (the 
pocket size as defined by Manning et al.” was <5 cm). 
After cervical cerclage, a cervical catheter was inserted 
into the cervix and fixed by inflating its balloons with 
antiseptic solution. Antiseptic solution sterilized the in- 
side of the cervical canal and the vagina through an 
opening between the balloons at a flow rate of 20 
ml/day. 

We also infused saline-containing antibiotics directly 
into the amniotic cavity through the catheter. The am- 
nioinfusion equipment included intravenous extension 
tubing, a three-way stopcock, and 500 ml saline solution 
containing.an antibiotic (100: mg of latamoxef sodium). 
Saline was infused continuously through the extension 
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Fig. 1. Effect of ammioinfusion on amniotic cavity. 
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Fig. 2. Enlargement of pocket size following saline solution amnioinfusion. 


Table I. Patients with PROM and condition of the neonates 


No. of cases 

Gestation at PROM (wk) 

Interval from rupture to catheter insertion (days) 
Duration of management with catheter (days) 
Mean birth weight (gm) 

Perinatal death 


10 
26.4 + 3.2 (range 22.1-31.5) 
2.6 + 4.3 (range 0.2-14.7) 
8.3 + 3.4 (range 2.2-13.0) 


1084.2 + 317.1 (range 660-1647) 
3/10 (30.0%) 








Values are mean + SEM. 


tubing and the main duct of the catheter at the rate of 


10 to 20 ml/hr until delivery. 

During the amnioinfusion the amniotic fluid volume 
was measured periodically by the method of Manning 
et al.® Uterine contractions were recorded by an exter- 
nal tocodynamometer or by fetal heart rate tracings. 
The speed of infusion was regulated primarily accord- 
ing to the size of the amniotic cavity. 

In 71 pregnant women between 12 and 41 weeks’ 
gestation, amniotic fluid samples were obtained for 

< measurement of the osmotic pressure. The results were 
compared with patients receiving saline solution am- 
“nioinfusion. for 1 day. 


Results 

The mean time when PROM occurred was at 26.4 + 
3.2 weeks of gestation. The mean interval between rup- 
ture and insertion of the catheter was 2.6 days. Labor 
occurred or was induced 8.3 days after insertion; the 
mean birth weight was 1084 gm. The reasons for de- 
livery were pulmonary maturation in six cases, and 
uterine contraction in four. Three of 10 deliveries 
(30%) resulted in perinatal death. Causes of death in- 
cluded multiple anomalies (one case), spontaneous 
abortion at 23 weeks of gestation in one case, and pul- 
monary hypoplasia in one (Table 1). Two infants had 
mild respiratory distress syndrome. Seven infants, in- 
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Fig. 3. Effect of amnioinfusion on fetal heart rate. 


Table II. Effect of saline solution amnioinfusion on uterine contraction 
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cluding the two with respiratory distress syndrome, de- 
veloped normally with no clinical difficulties such as 
infection, electrolyte disorders, or jaundice. 
Fig. 1 is an echogram of a patient with PROM taken 
at-25 weeks’ gestation. Before insertion of the catheter, 
-the pocket size was 2.4 cm and the cervix was dilated 
to 2.5 cm. After insertion, saline solution was infused 


-cata rate of 10 ml/hr. The pocket size increased to 5.1 


cm after infusion of 150 ml and to 6.0 cm after infusion 

of 300 ml and was kept at an adequate level thereafter. 
In this case, 6 days after catheter insertion, uterine 
contractions increased and the cervix dilated gradually. 
The catheter slipped out and amniotic fluid leaked 
freely. The pocket size decreased to 3.4 cm 12 hours 
later and to 2.1 cm 4 days later. 

The average pocket size in those patients with PROM 
was 2.7 + 0.9 cm before amnioinfusion, 5.9 + 0.8 cm 
l day after, 5.8 + 1.4 cm 5 days after, and 5.0 + 1.6 
cm 10 days after amnioinfusion (Fig. 2). Saline solution 
amnioinfusion had no effect on the fetal heart rate. 
Variable decelerations disappeared with enlargement 
of the amniotic cavity in one case ( Fig. 3). 

Amnioinfusion had little effect on uterine contrac- 
tions (Table II). A patient with uterine contractions 
every 10 minutes or less was considered a positive con- 
traction case. Of seven patients without uterine con- 
tractions before insertion, four were having positive 

contractions 3 hours after amnioinfusion, but by 12 
hours after the insertion none had contractions. 

Osmotic pressure gradually decreased as pregnancy 
progressed (269.2 + 7.1 mOsm/kg before the twenty- 
third week, 261.2 + 9.0 mOsm/kg between the twenty- 


fourth week and the thirty-fifth week, and 253.6 + 9.9 
mOsm/kg after the thirty-sixth week). Conversely, os- 
motic pressure after saline solution amnioinfusion was 
273.7 + 5.2 mOsm/kg, slightly higher than that of nor- 
mal amniotic fluid (Fig. 4). 


Comment 


Oligohydramnios with PROM may cause fetal pul- 
monary hypoplasia, fetal distress, and is thought to be 
an uncomfortable environment for the fetus. 

If a conservative approach to the management of 
PROM is taken and a prolonged latency period occurs, 
the suspected association between oligohydramnios and 
pulmonary hypoplasia becomes increasingly important. 
The greatest impact of prolonged membrane rupture 
on fetal development occurred in patients in whom 
membranes ruptured before 26 weeks’ gestation and 
the duration of leakage was more than 5 weeks.’ 

Normal fetal lung development during pregnancy 
requires a critical vohime of amniotic fluid. It is im- 
portant to keep the amniotic cavity large enough for a 
fetus to breathe and move freely. Nakayama et al.’ 
showed that the compressive effects of oligohydram- 
nios inhibit normal fetal body and lung growth and 
that maintaining the amniotic cavity by saline solution 
amnioinfusion can prevent fetal pulmonary hypoplasia 
in rabbits. 

Moreover, oligohydramnios resulting in cord or pla- 
cental compression or both is probably the most com- 
mon cause of variable decelerations; When variable de- 
celerations occur after PROM, it is. reasonable. to en- 
large the amniotic cavity to release cord or placental 
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compression. Miyazaki and Nevarez* performed intra- 
uterine saline solution amnioinfusion in 49 patients 
when fetal repetitive variable decelerations did not re- 
spond to conventional therapy, such as maternal po- 
sition changes and oxygen administration. Saline so- 
lution amnioinfusion effectively stopped repetitive 
variable decelerations in 25 of the 49 patients (51.0%); 
in the noninfusion group decelerations stopped in only 
4.2% of patients. 

Nageotte et al.’ reported that prophylactic i intrapar- 
tum amnioinfusion has significant benefit in reduction 
of the incidence of variable decelerations and improv- 
ing the metabolic state in newborn infants born to 
women with PROM. This was supported by the fact 
that variable decelerations disappeared after saline am- 
nioinfusion in our study. 

However, their method cannot always be applied in 
the conservative management of PROM because it is 
difficult to keep the amniotic fluid volume adequate 
only by infusion of saline solution. Prevention of leak- 
age of amniotic fluid with the catheter must accompany 
amnioinfusion of saline solution. l 

The volume of saline solution infused must be ap- 
propriate for the length of gestation and the degree of 
oligohydramnios. Saline solution was usually infused at 
a rate of 10 or 20 ml/hr. Because the rupture is not 
completely sealed, excess fluid flows out through the 
gap. The amniotic cavity can be maintained in its phys- 
iologic state of 5 to 8 cm of pocket size without excess 
enlargement. No effect on uterine contractions was ob- 
served at the flow rate we used. 

The antibiotic in the saline solution used for am- 
nioinfusion spreads so completely through the amniotic 
fluid that the level is high enough to inhibit bacterial 
growth in the amnion and the fetal skin, eyes, ears, 
genitalia, respiratory tract, and gastrointestinal tract 
without any significant systemic absorption of antibiot- 
cs." In this study, 200 ug/ml of latamoxef sodium in 
the saline solution was considered adequate to destroy 
sensitive microorganisms in the uterine cavity. __ 

Insertion of the catheter and saline solution amnioin- 
fusion are thought to induce uterine contractions, but 
uterine contractions in all our cases were not strong 
and could be controlled. Amnioinfusion has no effect 
on uterine contractions; no patients had intrauterine 
pressure >10 mm Hg. The duration of time patients 
were managed with the saline solution amnioinfusion 
catheter was 8.3 days, which was not significantly dif- 
ferent from patients treated with the catheter alone. 

One infant died of pulmonary hypoplasia despite 
enlargement of the amniotic cavity. The time of the 
rupture was not known, and oligohydramnios had con- 
tinued for over 2 weeks before saline solution amnioin- 
fusion was started. There were two other perinatal 
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Fig. 4. Effect of saline solution amnioinfusion on osmotic 
pressure. 


deaths. If two cases (one malformation case and one 
abortion case) were excluded, however, the death rate 
was 12.5%. No deaths caused by infection or respiratory 
distress syndrome were observed. Seven infants devel- 
oped normally. 

We used saline solution, which is is as isotonic as serum, 
for the infusion fluid. Saline solution is considered suit- 
able to prevent compression of the umbilical cord and 
pulmonary hypoplasia. However, physiologic saline so- 
lution is higher in osmolarity than natural amniotic 
fluid, and osmolarity after saline solution amnioinfu- 
sion increased slightly but was kept at most normal 
levels. Amniotic fluid samples could not be obtained 
before amnioinfusion for oligohydramnios; thus com- 
parison of osmolarity of amniotic fluid before and after 
amnioinfusion could not be made. However, amniotic 
fluid contains various substances and plays an impor- 
tant role in fetal nutrition. Therefore fluid that con- 
tained various amino acids and electrolytes was deemed 
a better infusion solution. 

The purpose of saline solution amnioinfusion is to 
maintain the physiologic intraamniotic environment, 
which is possible with the use of our cervical catheter. 
The method of saline solution amnioinfusion is rec- 
ommended for its favorable effects on fetal environ- 
ment during the management of PROM, although the 
cases in this preliminary study were limited. 


Imanaka, Ogita, and Sugawa 
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Prematurity among insulin-requiring diabetic gravid women 
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From Jan. 1, 1983, through Dec. 31; 1987, 420 gravidas with insulin-requiring diabetes antedating 
pregnancy delivered on the Joslin Clinic service. Among them, 110 pregnancies (26.2% of the total) 
delivered before 37 completed weeks of gestation compared with a 9.7% inciderice (906/ 9368) for the 
general population atthe Brigham and Women’s Hospital during calendar year 1985. Thirty-three percent 
of all premature deliveries were the result of the development of preeclampsia. The relative risk of 
prematurity for diabetic patients with any hypertensive complication was 2.0 (95% confidence interval, 1.40 
to 2.87) compared with normotensive diabetic subjects. Compared with the general population, most of the 
excess risk of prematurity was confined to hypertensive diabetics and normotensive patients of more 
advanced White class. A history of having had a previous premature delivery, increasing duration of 
diabetes antedating pregnancy, and carrying a male fetus in the index pregnancy were significantly 
associated with premature delivery. Future efforts to reduce the incidence of prematurity among diabetic 
gravidas should be directed toward reducing the incidence of preeclampsia. (AM J OBSTET GYNECOL 


1989;161:106-11.) 


Key words: Diabetes, pregnancy, prematurity, hypertension 


Diabetes mellitus has always been recognized as a 
serious complication in pregnancy. Twenty years after 
the introduction of insulin, Lawrence and Oakley’ pub- 
lished their results from King’s College Hospital and 
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reviewed the existing literature. In summarizing the 
previously reported series, it was striking that although 
the maternal mortality rate had fallén to 2% to 5% after 
the introduction of insulin, the perinatal mortality rate 


‘of approximately 40% had not changed. Over the next 


20 years, maternal mortality was eliminated as a sig- 
nificant problem, and the perinatal mortality rate was 
halved to approximately 18%. The sources of that mor- 
tality remained ketoacidosis, congenital anomalies, late 
intrauterine death, and prematurity. Ketoacidosis dur- 
ing pregnancy his become a distinctly unusual problem 
with regular medical care. Current methods of ante- 
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natal surveillance have reduced the incidence of late 
intrauterine death to probably less than 1%.? Congen- 
ital anomalies remain a problem, but efforts at rigorous 
metabolic control offer the hope that these can be re- 
duced.’ Although recent advances in neonatal care have 
substantially reduced the morbidity and mortality as- 
sociated with prematurity, it still remains the most im- 
portant determinant of neonatal morbidity in diabetic 
pregnancy.“ Prematurity and its sources in a diabetic 
population have not been systematically addressed in 
recent years. 

Before the advent of contemporary methods for an- 
tepartum monitoring, prematurity among infants of 


diabetic mothers was commonly iatrogenic in an effort ` 


to avoid late death. Although this source of prematurity 
has been largely eliminated, the incidence of prema- 
turity among infants of diabetic mothers remains high. 
Some recent reports have dealt with various aspects of 
prematurity among infants of diabetic mothers. Mio- 
dovnik et al.’ reported a very high incidence of pre- 
mature labor but did not mention the incidence of pre- 
mature delivery resulting from that preterm labor. In 
a series reported by Zalut et al.° the incidence of both 
premature labor and resultant premature delivery was 
lower than that for a control nondiabetic population. 
Diamond et al.” examined the role of hypertension in 
prematurity among infants of diabetic mothers and 
concluded that it was not a significant problem. In a 
literature review of reported series, Cousins? examined 
the incidence of various complications among diabetic 
gravidas. Some of the complications that he tabulated 
could result in premature delivery, but prematurity was 
not the focus of his study. This report details the in- 


cidence, sources of, and some risk factors for prema- ` 


turity in a large series of patients with insulin-requiring 
diabetes antedating their pregnancies. 


Patients and methods 


Data on all patients presenting for prenatal care at 
the Joslin Clinic prenatal clinic are recorded in a 
computer-based perinatal data base at the initial visit. 
Subsequently, data pertaining to the progress of their 
pregnancies are collected prospectively. Delivery data 
are obtained by review of the patients’ charts within 24 
hours of delivery. Data are accumulated on the post- 
partum course and neonate prospectively, and all 
mother and infant charts are finally reviewed after 
discharge. 

This series includes all patients with insulin-requiring 
diabetes antedating pregnancy (White Classes B and 
greater) delivering between Jan. 1, 1983, and Dec. 31, 
1987, at greater than 20 weeks’ gestation. No patients 
with gestational insulin-requiring diabetes are in- 
cluded. Patients were classified according to the system 
of White as modified by Hare and White.’ For purposes 
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of these analyses, 16 patients with nephropathy (Class 
F), 39 patients with nephropathy and retinopathy (Class 
FR) and four patients with renal transplants (Class T) 
are grouped together as Class F. 

As a matter of policy, insulin-requiring diabetic pa- 
tients were generally delivered between 38 and 39 
weeks. Nonstress tests were performed weekly from 32 
weeks and twice weekly from 36 weeks until delivery. 
Patients delivering before 37 completed weeks were 
considered to have delivered prematurely. Gestational 
ages were determined by the best available criteria, last 
menstrual period, basal body temperature chart, or 
first-trimester ultrasound examination. For each pre- 
mature delivery, the immediate cause for premature 
delivery was determined. Cases of premature labor with 
spontaneous rupture of the membranes were assigned 
to spontaneous rupture of the membranes as the cause 
of prematurity. All cases of preeclampsia met the stan- 
dard criteria of blood pressure in excess of 140/90 on 


at least two occasions separated by 6 hours and pro- 


teinuria in excess of 300 mg per 24-hour period. Some 
patients had apparently simple preeclampsia, whereas 
others clearly had preeclampsia superimposed on 
chronic hypertension. Any patient with blood pressure 
measurements in excess of 140/90 on at least two oc- 
casions separated by at least 6 hours was considered to 
have hypertension. 

Data regarding the gestational ages at the time of 
delivery for all the hospital’s deliveries were accumu- 
lated in a separate data base. Gestational ages were 
assigned after reviewing the data provided for each 
patient by each attending obstetrician. 

Statistical methods used included x’ analysis, the 
Mantel-Haenszel x, and the stratified, weighted Mantel- 
Haenszel x according to the technique of Rothman." 
A probability of <0.05 was taken to be statistically 
significant. 


Results 


There were 413 singleton, six twin, and one triplet 
gestations delivered during the study period. Among 
them 110 pregnancies were delivered before 37 com- 
pleted weeks (26.2% of the total). These included six 
of the seven multiple gestations. Two of the multiple 
gestations were delivered due to preeclampsia, two due 
to evidence of fetal distress, and one each due to spon- 
taneous rupture of the membranes and abruptio pla- 
centae, The premature deliveries are listed in Table I 
according to the cause of the premature delivery. The 
four singleton intrauterine deaths occurred as follows: 
(1) at 22 weeks in a patient with severe chronic hyper- 
tension; (2) at 30% weeks with chorioamnionitis and 
sepsis after amniocentesis in a patient with severe pre- 
eclampsia; (3) at 33% weeks in a chronic alcoholic with 
acute pancreatitis, adult respiratory distress syndrome, 
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. Fig. 1. Premature deliveries displayed according to gestational age and cause for four leading causes 
of prematurity. Labor, Premature labor; Distress, fetal distress; SROM, spontaneous rupture of mem- 


branes; PIH, preeclampsia. 


Table I. Deliveries between 20 and 37 weeks 
of gestation by indication for delivery 





Preeclampsia 

Spontaneous rupture of membranes 
Fetal distress 

Spontaneous onset of labor 
Hemorrhage, abruptio, or previa 
Intrauterine death 

Polyhydramnios’ maternal discomfort 
Other 

Total 110 26. 





acute renal failure, disseminated intravascular coagu- 


lopathy, and diabetic ketoacidosis; and (4) at 35 weeks | 


in a patient with poor glycemic control but an otherwise 
unremarkable pregnancy. A fifth death occurred in a 
discordant small twin at 33% weeks. The survivor had 
mature pulmonary indexes and was delivered for pre- 
sumed fetal distress. The five patients listed as “other” 
included the following: (1) an induced abortion at 22 
weeks for bilateral renal agenesis; (2) a spontaneous 
rupture of the uterus at 34% weeks with fetal salvage 
in a patient with four prior cesarean sections; (3) a 
patient with “nephrogenic” diabetes insipidus at 35 
weeks; (4) a patient with preeclampsia who had a grand 
mal seizure in association with a blood glucose level of 
22 mg/dl at 35⁄2 weeks; and (5) a patient with an in- 
tractable headache at 36 weeks. f 

The deliveries occurring between 20 and 37 weeks 
as a result of the four leading causes of prematurity 
are displayed graphically in Fig. 1. Clearly, preeclamp- 
sia is the single most important cause of prematurity 
in this population. Only 23 (5.5%) of the patients had 
hypertension antedating pregnancy, but these repre- 


sent 18.4% of all patients with hypertensive disorders 
in pregnancy. Among these, 13 were delivered, before 
37 weeks, with nine the direct result of preeclampsia 
superimposed on their chronic hypertension. Thus of 
the 36 premature deliveries directly attributable to pre- 
eclampsia, one fourth were superimposed on chronic 
hypertension. . 

Although 23 patients were diagnosed as having pre- 
mature labor with intact membranes and treated with 
tocolytic agents in this series, only 17 were actually de- 
livered prematurely. Another 10 patients had prema- 
ture labor with rupture of the membranes (all of whom 
delivered prematurely), for an overall incidence of pre- 
mature labor of 7.8% (33/420). Polyhydramnios is dif- 
ficult to quantitate and is most commonly diagnosed as 
a clinical impression from physical or ultrasonic ex- 
amination. The extent to which it contributed to cases 
of preterm rupture of the membranes or labor is spec- 
ulative. There were four cases in the 5 years of macro- 
somia (3500, 4200, 4700, and 5100 gm) associated with 
severe polyhydramnios, which led to significant mater- 
nal discomfort. In these cases amniocenteses at 35, 3512, 
36, and 36% weeks showed mature pulmonary indexes, 
and these patients were electively delivered before 37 
weeks. ; 

The distribution of the premature deliveries among 
the White Classes is shown in Table II. That this dis- 
tribution is not random among the classes is demon- 
strated by a y’ analysis that is significant at less than the 
0.005 level. The distributions of hypertensive compli- 
cations and premature deliveries caused by preeclamp- 
sia are also shown in Table II. These risks parallel-the 
risk of prematurity in aggregate and are also nonran- 
dom by x? analysis at the 0.005 level. Comparison of 
the risk of prematurity between hypertensive and nor- 


- motensive diabetic patients via the Mantel-Haenszel x 
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Table II. Prematurity, hypertensive complications, and prematurity caused by preeclampsia by 


White Class 





No. of premature 


No. of hypertensive 


No. of premature deliveries 
due to preeclampsia 


Total No. 





Class deliveries (%) complications (%) 
B 21 (20.4) 18 (17.5) 
c 21 (17.4) 28 (23.1) 
D 26 (25.7) 31 (30.7) 
F 31 (52.2) 39 (66.1) 
R 11 (30.5) 9 (25.0) 
Total 110 (26.2) 125 (29.8) 


5 103 
6 121 
7 101 
14 59 
4 36 
36 420 





test shows that the risk ratio is statistically significant at 
2.00, with a 95% confidence interval of 1.40 to 2.87. 

During calendar year 1985, there were 9368 deliv- 
eries at the hospital, of which 906 (9.7%) were before 
37 completed weeks of gestation. The risk ratios for 
premature delivery for various groups of diabetics com- 
pared with the entire hospital population are shown in 
Table IHI. The entire diabetic population as a whole is 
considerably more likely to deliver prematurely than 
the general population, Virtually all subgroups of the 
diabetic population with the possible exception of nor- 
motensive White Class B and C patients are significantly 
more likely to deliver prematurely. Not surprisingly, 
the greatest risks for prematurity are found among 
patients with microvascular disease and a hypertensive 
complication. - 

No relationship was found between the risk of pre- 
maturity and the number of previous pregnancies, the 
number of previous term births, the number of living 
children, a history of previous perinatal mortality, or a 
history of one or more spontaneous or induced abor- 
tions. A history of having had a previous premature 
delivery was significantly associated with premature de- 
livery in the current pregnancy (relative risk 1.60; 95% 
confidence interval, 1.02 to 2.50). Carrying a male fetus 
in the current pregnancy was also associated with an 
increased risk of prematurity (relative risk 1.43; 95% 
confidence interval, 1.02 to 2.02). Analyses of each of 
the individual causes of prematurity failed to reveal any 
one that in itself increased in pregnancies with male 
fetuses. There was no relationship between maternal 
age and prematurity. The number of years of diabetes 
antedating pregnancy was related to the risk of pre- 
maturity. Women with 20 or more years of diabetes 
antedating pregnancy (N = 70) were twice as likely to 
deliver prematurely as women with 19 or fewer years 
of diabetes (relative risk = 2.0; 95% confidence inter- 
nal, 1.40 to 2.87). ' 


Comment 

This report is unique in recording the incidence 
and sources of prematurity in more than 400 insulin- 
requiring diabetic pregnancies from a single institution 
over only 5 years. Other reports of large numbers of 


‘Table III. Risk ratio for prematurity 
compared with all Brigham and Women’s 
Hospital deliveries 










95% 
Relative Confidence 
risk interval 





All diabetics 3.22 2.76-3.75 
Normotensive diabetics 
All classes 2.08 1.64-2.64 
B 1.70 1.04-2.79 
C 1.22 0.7 -2.15 
D 2.51 1.62-3.90 
F 3.10 1.50-6.39 
R 2.68 1.36-5.28 
Hypertensive diabetics 
` AN classes 5.19 4.31-6.25 
B 4.02 2.09-7.72 
C 3.69 2.13-6.41 
D 3.00 1.66-5.43 
F 5.63 4,78-9.18 
R 4.59 1.97-10.73 





pregnancies have either been accumulated over longer 
periods of time or from a large number of institutions. 
Furthermore, since all of the pregnancies in this cohort 
were managed by us, this series represents an unusual 
degree of homogeneity of care. 

Despite the improvements that have been made in 
the care of diabetic pregnant patients, they remain at 
increased risk ‘of premature delivery. If this risk is to 
be reduced by addressing its sources, then those sources 
must be identified. It is clear from the present series 
that hypertension or preeclampsia is a common prob- 
lem among these patients. More than one fourth of the 
patients had a clinically significant hypertensive dis- 
order. One third of all of the premature deliveries were 
the result of preeclampsia. Of all patients with a hy- 
pertensive complication, 29% had a premature deliv- 
ery. The incidence of hypertensive complications in this 
series is quite high. It is higher than that reported by 
Kitzmiller et al." but very similar to that reported for 
a comparable population by Gabbe et al’? In his 20- 
year compilation of data from the literature, Cousins? 
found a 14.5% incidence of total hypertension among 
Classes B and C and a 30.9% incidence for Classes D, 
F, and R. These figures compare with 20.5% among 
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Class B and C patients in this series and 40.3% among 
Class D, F, and R patients. 
A recent ‘study’ called attention to the fact that the 


issues of perinatal morbidity and mortality related to 


hypertensive complications in diabetic pregnancy had 
not been addressed in the context of contemporary 
perinatal medicine. That study examined 199 insulin- 
dependent diabetic pregnancies occurring over 7 years 
_ at one institution. The authors concluded that hyper- 
tensive complications were not a source for major con- 
cern with modern management. However, examination 
of their data shows that there were only 59 hypertensive 
patients and 33 patients in White Classes D, F, and R. 
The data from the present study indicate that it is 
largely hypertensive patients and those normotensive 
patients in White Classes D, F, and R who are at sig- 
nificant risk for prematurity and hence the morbidity 
associated with prematurity. Furthermore, the small 
number of patients in the more advanced classes in- 
dicates that there were relatively few patients with di- 
abetes of long duration, which is another important risk 
factor for prematurity. Since the number of patients at 
risk in their series was small, their conclusion should 
not be accepted without reservation. 

Urinary albumin excretion increases during both 
normal pregnancies" and those complicated by diabetic 
nephropathy.“ It was common among patients in this 
series to find clinically significant proteinuria develop 
early in pregnancy in patients with long-standing dia- 
betes but not previously known to have renal involve- 
ment. Frequently these patients also developed modest 
but significant elevations in blood pressure near term. 
Itis unclear whether this truly represents preeclampsia. 
The designation of preeclampsia in Class F patients 
who start pregnancy with hypertension and proteinuria 
is completely arbitrary. 

Two recently published, randomized, controlled 
trials of antiplatelet therapy in high-risk nondiabetic 
pregnant subjects have shown a decreased incidence of 
preeclampsia among treated subjects.” '° Neither trial 
was large enough to convincingly demonstrate a sig- 
nificant reduction in the incidence of prematurity. A 
diabetic population such as the present one would seem 
to be an excellent group to study the efficacy of anti- 
platelet therapy. If it proved efficacious in reducing the 
incidence of prematurity, it could be a valuable addition 
to the care of these patients. 

The incidence of premature labor with or without 
rupture of the membranes was 7.8% in this series. This 
is dramatically different from the 29.9% rate recently 
found in another series.’ It would be interesting to 
know what was the incidence of actual preterm delivery 
caused by that preterm labor. In this series only 6.4% 
(27/420) of the patients delivered prematurely in as- 
sociation with premature labor with or without pre- 
mature rupture of the membranes. The low incidence 
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of premature labor and the high percentage of those 


-diagnosed who then deliver prematurely (82%; 27/33) 


are probably the result of the strict criteria used to 
diagnose premature labor. For any group of patients, 
the more stringent the diagnostic criteria for premature 
labor, the lower the frequency will appear to be and 
the lower the number of false-positive diagnoses will 
be. The hyperglycemia that results from B-agonist to- 
colytic therapy in diabetic patients makes us reluctant 
to diagnose premature labor with intact membranes 
without a clear change in the cervical examination. For 
these reasons, no conclusions should be drawn from 
these data with respect to the relative frequency of pre- 
mature labor or efficacy of its therapy compared with 
a nondiabetic population. 

These findings with respect to risk of premature de- 
livery and past obstetric history are in accordance with 
those reported elsewhere in a general obstetric popu- 
Jation. The relationship between carrying a male fetus 
and prematurity has also been previously noted.” More 
male than female infants were delivered prematurely 
in each of the four leading categories of causes of pre- 
maturity. However, this effect was modest enough that 
when broken down into such small data cells, no sta- 
tistical significance could be found for any one. Inter- 
estingly, all four women requiring premature delivery 
for severe polyhydramnios carried male fetuses. The 
physiologic mechanisms underlying this sex difference 
remains a matter of speculation. . 

The continued prognostic use of the White classifi- 
cation has occasionally been questioned. However, it is 
clear from this analysis that patients with known ne- 
phropathy or long-standing disease and probable sub- 
clinical nephropathy have a significantly greater risk of 
developing a hypertensive complication in pregnancy 
and a higher likelihood of delivering prematurely as a 
result. Thus White’s classification is useful clinically for 
an individual patient to alert the physician to the pos- 
sibility of hypertensive complications. It is also useful 
in characterizing a patient population because the in- 
cidence of prematurity to be expected in that popula- 
tion will depend on the distribution of patients among 
White’s classes. 
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Management of the nonvertex second twin: Primary cesarean 
section, external version, or primary breech extraction 


Stephen E. Gocke, MD, Michael P. Nageotte, MD, Thomas Garite, MD,” 


Craig V. Towers, MD,’ and Wendy Dorcestér, PhD” 
Fresno and Long Beach, California 


Six hundred eighty-two consecutive twin deliveries were reviewed. Included in the study were 136 sets of 
vertex-nonvertex twins with birth weights >1500 gm. A primary attempt at delivery of the second twin by 
external version was performed on 41 twins, 55 twins underwent attempted breech extraction, and 40 
patients had a primary cesarean section solely because of physician preference. There were no 
differences in the incidence of neonatal morbidity or mortality among the modes of delivery. External 
version was associated with a higher failure rate than primary breech extraction (p < 0.01). External 
version was associated with complications (fetal distress, cord prolapse, and compound presentation) that 
weré not seen in the other two groups. Primary breech extraction of the second nonvertex twin weighing 
>1500 gm appears to be a reasonable alternative to either cesarean section or external version. (Am J 


OssTeT GYNECOL 1989;161:111-4.) 


Key words: Second twin, cesarean section, external version, breech extraction 


The optimal mode of delivery of the nonvertex sec- 
ond twin remains controversial. Certain reports have 
advocated cesarean delivery if the second twin is non- 
vertex, suggesting increased perinatal morbidity and 
mortality in rionvertex twins delivered vaginally.’ 
More recent reports have suggested that vaginal deliv- 
ery by breech extraction or assisted breech delivery of 
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the second nonvertex twin is not associated with an 
incréase in perinatal morbidity if limited to infants with 
birth weights > 1500 gm.** Chervenak et al.’ advocated 
the alternative approach of external version of the sec- 
ond nonvertex twin to achieve delivery of the second 
twin as’a vertex presentation. In an effort to examine 
this controversy we report a comparison of maternal 
and neonatal outcomes in the second nonvertex twin 
delivered by cesarean section, external version, or 
breech extraction for our institutions. 


Material and methods 


A retrospective review of all 682 twin deliveries oc- 
curring in the authors’ two institutions from January 
1982 through December 1987 was performed. All 202 
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Table I. Maternal variables 


`| Group A | Group B |" Group C 
(n = 41) | (n = 55) | (n = 40) 


Age yj. ° 80 27 278 NS 












Gestational age (wk) 35.5 36.7 36.2 . NS 
Parad. 15 (37%) 14 (26%) 15 (38%) NS 
Maternal postpar- 3.7 2.4 4.4 <0.05 


tum length of 
_Stay (days), 


Postpartum hem- 1 (2%) 3(5%) ~—- 2 (5%) ~—-NS 
morrhage i 
Endometritis .2 (5%) 3 (5%) 1 (2%) NS 





sets of vertex-nonvertėx twins mith birth weights >1500 
gm were eligible for the study. Sixty-six sets of vertex- 
nonvertex twins who were delivered by cesarean section 
for failure to progress (n = 9), fetal distress (n = 17), 
repeat cesarean section (n = 28), cord prolapse (n = 
` 3), or other intrapartum complications (n = 9) were 
excluded. The remaining 136 sets of twins (96 sets from 
Long Beach Memorial Hospital and 40 sets from Valley 
Medical Center of Fresno) were divided into three 
groups. Group A (n = 41) underwent a primary at- 
tempt at delivery of the second twin by external version. 
Group B (n = 55) had a primary attempt at breech 
extraction. Group C (n = 40) consisted of patients in 
whom a primary cesarean section was performed solely 
because of physician’s preference because of the pres- 
ence of a nonvertex second twin. . 

External version was performed according to the 
guidelines suggested by Chervenak et al. Epidural an- 
esthesia was used in most cases to facilitate abdominal 
wall relaxation. All versions were attempted under dou- 
ble set-up conditions with immediate access to cesarean 
section. Real-time ultrasonography was used in every 
case in the delivery room to determine fetal presen- 
tation of the second twin. Fetal heart rate was moni- 
tored throughout labor and delivery. Version was ac- 
complished either by using the transducer to guide the 
infant into vertex presentation in the birth canal or by 
manually attempting either a forward or backward roll 
of the fetal vertex into the pelvic inlet. After successful 
version, membranes were often ruptured and pitocin 
augmentation was employed to facilitate descent of the 
vertex. - i ; ` : 

Breech extraction was performed under double set- 
up conditions in which immediate access to cesarean 
section was available. Epidural or halothane anesthesia 
was used to provide abdominal and uterine wall relax- 
ation. In most cases, real-time ultrasonography was 
available for determination of fetal lie. The breech ex- 
tractions were either “assisted,” with spontaneous de- 
livery of the breech, or “total,” with the entire body of 
the infant delivered by the obstetrician. 

The following maternal variables were considered: 
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maternal age, parity, estimated gestational age, post- 
partum length of hospital stay, postpartum hemor- 
rhage, and endometritis. Postpartum hemorrhage was 
defined as any blood loss that required a transfusion. 
Endometritis was defined as two temperature readings 
>38° C exclusive of the first 24 hours after delivery 
and findings on examination of a tender uterus, pu- 
rulent cervical discharge, or both. The following neo- 
natal variables were compared: birth weights of the first 
and second twins, Apgar scores at 1 and 5 minutes, 
incidence of neonatal intensive care unit admissions, 
respiratory distress syndrome, intraventricular hem- 
orrhage, neonatal deaths, birth trauma, length of infant 
hospital stay, and length of infant hospital stay minus 
maternal length of hospital stay. Complications that oc- 
curred with each type of delivery were also recorded. 
. Statistical evaluation of the data was accomplished by 
the x? test (with Yates correction’ and Kruskal-Wallis 
test in appropriate cases. Differer.ces were considered 
to be statistically significant at p < 0.05. 


Results 


Comparison of maternal variables among the three 
groups (Table 1) showed no significant difference in 
maternal age, gestational age, incidence of primiparous 
women, incidence of” postpartum hemorrhage, or in- 
cidence of endometritis. There was a significantly 
shorter maternal postpartum length of hospital stay in 
those patients who underwent an attempt at breech 
extraction (2.4 days) than in patients, who underwent 
an attempt at external version (3.7 days) or primary 
cesarean section (4.4 days) (p < 0.05). 

‘Neonatal variables were compared in Table II. There 
was no difference in birth weights of twin 1 or 2, l- 
minute Apgar scores <4, 5-minute Apgar scores <7, 
incidence of neonatal intensive care unit admissions, 
respiratory distress syndrome, birth trauma, neonatal 
deaths, or postpartum infant, length of hospital stay 
after the maternal postpartum length of stay was sub- 
tracted from the infant's length of stay. Before the ma- 
ternal length of stay was considered, there was a sig- 
nificantly longer length of hospital stay for infants de- 
livered by external version (10.1 days) or cesarean 
section (10.2 days) than in infants delivered by breech 
extraction (5.0 days). This increase‘in the length of 
infant stay in the hospital was a direct result of the 
increased maternal.length of postpartum stay because 
of the increased incidence of cesarean section in groups 
A (39.0%) and C (100%) (Table III): The one infant in 
the primary breech extraction group with a 5-minute 
Apgar score of 6 had a birth weight of 2160 gm, was 
not admitted to the neonatal intensive care unit, and 
went home on postpartum day 3. 

Table III shows that patients wao underwent a pri- 
mary attempt at external version had a significantly 
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Table II. Neonatal variables 
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Birth weight of first twin (gm) 2399 2544 2356 NS 
Birth weight of second twin (gm) 2365 2569 2347 NS 
1 min Apgar score <4 5 5 I NS 
5 min Apgar score <7 0 1 0 NS 
Neonatal intensive care unit admission (%) 18 13 18 NS 
Respiratory distress syndrome 0 2 1 NS 
Birth trauma 0 0 0 NS 
Intraventricular hemorrhage 0 0 0 NS 
Neonatal death 0 0 0 NS 
Postpartum infant length of hospital stay (days) 0.4 5.0 10.2 <0.05 
Postpartum infant length of hospital stay mi- 6.4 2.6 5.8 NS 
nus ‘maternal stay : 
Table III. Success of primary delivery attempt 
Group A Group B 
(n = 41) (n = 55) p 
Successful vaginal delivery (vertex vaginal deliv- 19/41 (46%) 53/55 (95%) <0.001 
ery after version or breech vaginal delivery af- : ; 
ter primary breech extraction) 
Cesarean section 16/41* (39%) 2/55 (4%) <0.001 


Successful secondary breech extraction procedure 
TOTAL 


41/41 (100%) 


6/41 (15%) — — 
55/55 (100%) = 


*Seven successful and nine unsuccessful versions required cesarean section. 


higher incidence of cesarean section and were less likely 
to deliver vaginally as a result of the version attempt 
than patients who underwent primary breech extrac- 
tion. In the external version group, the use of epidural 
anesthesia was not associated with an increase in suc- 
cessful external version (Table IV). Complications dur- 
ing the delivery attempts are listed in Table V. Of the 
seven successful external versions that required cesar- 
ean section, six of the seven operations were performed 
under emergency circumstances (2 cases for fetal dis- 
tress, 3 cases of cord prolapse, and 1 compound pre- 
sentation). The two failed attempts at breech extraction 
occurred in women who did not receive epidural an- 
esthesia. In both of these cases the uterus contracted, 


which made breech extraction difficult. One of these 


patients received halothane anesthesia during the failed 
attempt at breech extraction. Neither patient received 
a B-sympathomimetic agent to facilitate uterine relax- 
ation. Neither infant suffered any trauma from the 
failed attempt at extraction. . 


Comment 


External version of the second nonvertex twin is a 
relatively i new approach to management of the non- 
vertex twin gestation. Our results do not reflect this as 
a completely innocuous procedure. Patients in whom 
an external version was attempted had a vertex vaginal 
delivery rate of 46% but overall had a cesarean section 


Table IV. Epidural anesthesia in external 
version patients 


Successful version | Unsuccessful version 


Epidural ` 20 7 
No epidural 6 8 
= 2.64, p > 0.10 


rate of 39%. Indeed, in 41 attempts at external version, 
there were 26 successes but only 19 second twins de- 
livered vaginally as a vertex. Because of the higher 
cesarean section rate, the external version group had 
a longer postpartum length of stay than patients who 
underwent primary breech extraction. Although there 
was no difference in neonatal morbidity or mortality 
among the three groups, cesarean section was per- 
formed for the second twin 39% of the time in patients 
having an- attempt at external version. Approximately 
one third of these cesarean sections were emergencies 
for fetal distress, cord: ‘prolapse, or papain presen- 
tation. 

There is a growing nay of evidence to suggest that 
breech vaginal delivery ‘of the second nonvertex twin 
is a reasonable alternative in infants with birth weights 
>1500 gm.** Earlier papers that suggested a worse out- 
come for the second twin included infants <1500 gm 
and were reported during a time period when the sec- 
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Table V. Delivery complications : 


` Complication Outcome 


External version 


Successful Fetal distress C/S 
Successful Fetal distress C/S 
Successful Cord prolapse c/s 
Successful Cord prolapse C/S . 
Successful Cord prolapse G/S 
Successful Failure to descend C/S 
Successful Compound presentation C/S 
Breech extraction 
Unisuccessful Lower uterine segment C/S 
; contracted 
Unsuccessful Lower uterine segment C/S 
. $ contracted 





CIS, Cesarean section. 


ond twin was often undiagnosed before delivery.” * * 
Furthermore, most of these reports were. before the 
use of continuous fetal monitoring and the modern 
anesthetic techniques of conduction or general anes- 
thesia. Iri our study, 12 of the 41 infants in the version 
group and 8 of the 55 breech extraction infants had 
birth weights <2000 gm. The neonatal and maternal 
outcomes of these 20 infants were no different from 
the remainder of the'infants in the study. - 

It should be noted that deliveries at Memorial Med- 
ical Center of Long’ Beach were attended by obstetri- 
cians and perinatologists. At Valley Medical Center de- 
liveries were performed by residents, usually without 
the presence of staff. ‘Thirty-five of the 55 breech ex- 
tractions and three of the external version patients were 
from Valley Medical Center. If a bias existed for a worse 
outcome because of the level of operator experience, 
it would have been against the breech extraction group 
because more breech extractions than external versions 
were performed by residents in training. 

The trend toward more successful versions with epi- 
dural anesthesia, although not statistically significant, 
is still striking considering the relatively low numbers 
(Table IV). Relaxation of the abdominal musculature 
improves the ability to move the fetal pole and would 
appear to impreve the success rate of external version, 
even without the use of specific uteriné tocolytic ther- 
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apy. It is possible that such refinements and greater 
experience may improve the overall success rate with 
external version of the second twin. However, until 
better comparative outcome is found and demon- 
strated, it would be difficult to recommend external 
version as the preferred method for delivery of the 
nonvertex second twin. Our data suggest that breech 
extraction is both a safe and successful primary ap- 
proach to the delivery of nonvertex second twins weigh- 
ing more than 1500 gm. Further, these results at least 
suggest that attempted breech ex-raction represents a 
reasonable secondary approach to vaginal delivery of 
the second nonvertex twin if the external version at- 
tempt is unsuccessful. i 

In conclusion, attempts at external version were as- 
sociated with a higher failure rate than primary breech 
extraction. External version was associated with com- 
plications that were not seen in either the elective ce- 
sarean section or breech extractior. groups. There were 
no differences in terms ‘of neonatal morbidity among 
the routes of delivery. Primary breech extraction of the 
second nonvertex twin >1500 gm appears to be a rea- 
sonable alternative to > either cesarean section or exter- 
nal version. 
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Magnesium supplementation during pregnancy: A double-blind 
randomized controlled clinical trial 


Baha M. Sibai, MD, Marco A. Villar L., MD, and Eileen Bray, RNC 


Memphis, Tennessee 


Four hundred young normotensive primigravid women between 13 and 24 weeks’ gestation were randomly 
allocated to one of two study groups. One group received placebo tablets and the other group received 
365 mg of elemental magnesium daily (as magnesium aspartate hydrochloride). Three hundred 
seventy-four patients completed the study, 189 in the placebo group and 185 in the treatment group. 
There were no significant differences between the two groups regarding serum calcium, uric acid, or 
electrolyte levels. However, the magnesium-supplemented group had significantly higher magnesium levels 
at delivery (1.68 + 0.03 mg/dl vs. 1.56 + 0.03 mg/dl, p < 0.01). There were no significant differences in 
either systolic or diastolic blood pressures between both groups either at time of enroliment or at 
subsequent gestational ages later during pregnancy. Analysis of variance for repeated measurements and 
Fisher's least significant difference testing indicated a significant increase (p < 0.01) in blood pressure 
from the level at the time of enrollment to the level achieved at or beyond 37 weeks’ gestation in each 
group. There were no significant differences between the two groups regarding any of the following 
parameters: incidences of preeclampsia, fetal growth retardation, preterm labor, birth weight, gestational 
age at delivery, or number of infants admitted to the special care unit. Magnesium supplementation during 
pregnancy did not improve pregnancy outcome in our population. (AM J Osstet GYNECOL 1989;161:115-9.) 


Key words: Oral magnesium aspartate hydrochloride, preeclampsia 


The relationship between dietary magnesium defi- 
ciency and hypertension has been the subject of several 
recent experimental and observational studies.'* In ad- 
dition, in vitro studies on isolated umbilical arteries 
and veins obtained from term pregnancies showed 
that the basal tension of these vessels increased when 
magnesium was withdrawn from the solution and 
decreased when the magnesium concentration was 
raised.° These experimental findings led Altura et al. 
to speculate that “progressive hypomagnesemia during 
pregnancy could produce progressive vasoconstriction 
resulting in spasm of umbilical and placental arteries 
and veins, and of other peripheral vessels in the preg- 
nant mother and fetus.” 

Dietary magnesium deficiency during pregnancy has 
been implicated in the pathogenesis of preeclampsia, 
fetal growth retardation, and preterm delivery.** Data 
from recent studies reported a decreased incidence of 
preeclampsia," fetal growth retardation,’* and preterm 
delivery*!° in subjects who received oral magnesium 
supplementation during pregnancy. 
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To address these issues, we conducted a double-blind 
randomized, controlled clinical trial designed to inves- 
tigate the effects of oral magnesium supplementation 
during pregnancy on maternal systolic and diastolic 
blood pressures and the incidence of preeclampsia as 
primary outcomes. Other outcome variables that were 
analyzed included changes in serum electrolytes, fre- 
quency of preterm delivery, postterm delivery, and fetal 
growth retardation. 


Material and methods 


The study population included 400 young (13 to 25 
years) normotensive primigravid women who were re- 
cruited in our prenatal clinics. All patients were en- 
rolled at 13 to 24 weeks of gestation as determined by 
obstetric dates and confirmed by ultrasonographic ex- 
aminations. Patients with associated medical and ob- 
stetric complications and those beyond 24 weeks of ges- 
tation at the time of the first prenatal visit were ex- 
chided from the study. The study was a double-blind 
randomized, controlled clinical trial that was previously 
approved by both the Institutional Review Board and 
the Food and Drug Administration under an investi- 
gational new drug number. 

After the consent form was signed, patients were 
allocated randomly to one of two groups, based on a 
computer-generated list of numbers, using a random- 
ization schedule prepared in advance for the complete 
population. The same randomization code, standard- 
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Table I. Clinical characteristics 


Placebo Magnesium 
(N = 189) (N = 185) 


18.5 + 0.2 17.8 + 0.2 
17.8 + 0.3 17.9 + 0.4 


Age (yr) 

Gestational age (wk) 

Systolic blood pres- 
sure (mm Hg) 


At entry 110 + 0.8 110 + 0.8 

At delivery 125 + 1.3 126 + 1.4 
Diastolic blood pres- 

sure (mm Hg) 

At entry 61 + 0.7 59 + 0.8 

At delivery 77+ 1.3 77 + 1.2 
Total weight gain (Ibs) 23.8 + 0.9 25.9 + 0.9 


All values represent mean + SEM. 


ization procedures, and tablets were used in all patients. 
The code was kept in the outpatient pharmacy de- 
partment. The women in the magnesium group re- 
ceived six tablets of magnesium-aspartate hydrochlo- 
ride per day. Each of these tablets contained 60.8 mg 
of elemental magnesium (a total of 365 mg/day). The 
placebo group received six matching tablets containing 
aspartic acid only. The six tablets were divided into 
three daily doses and were continued until delivery. In 
addition, all patients received prenatal vitamins con- 
taining 200 mg of elemental calcium and 100 mg of 
elemental magnesium per day. 

Total nutrient intake, including detailed description 
of magnesium intake, was evaluated three times during 
pregnancy with the 24-hour recall method. At each 
prenatal visit, patients were questioned regarding tablet 
intake, compliance, and side effects of medication. Pa- 
tients were contacted by the research nurse as needed 
during the study to check compliance and to ensure 
that they come for their scheduled prenatal visits. On 
return visits tablet intake and compliance was assessed 
by a research nurse who performed a tablet count and 
recorded on the data form the total number of tablets 
used since the last prenatal visit. Serum magnesium 
levels at time of delivery also were used to confirm 
compliance with tablet intake. All patients were fol- 
lowed in our prenatal clinics. Blood pressure and 
weight were carefully measured at each prenatal visit. 
Systolic blood pressure was recorded with the appear- 
ance of the first Korotkoff sound, and diastolic blood 
pressure was recorded with the disappearance of the 
fourth Korotkoff sound. The result of all blood pres- 
sure measurements taken between the thirteenth and 
twenty-fourth weeks of gestation were pooled; the av- 
erages were used as baseline values in the adjusted anal- 
ysis. Laboratory analyses of serum magnesium, calcium, 
uric acid, and electrolytes were performed at the time 
of delivery. All clinical decisions regarding manage- 
ment and timing of delivery were made by the attend- 
ing faculty and house staff. 
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Analysis of data included comparisons of maternal 
blood pressures throughout pregnancy and the devel- 
opment of preeclampsia. Preeclampsia was defined as 
a systolic blood pressure reading of =140 mm Hg, di- 
astolic blood pressure of 290 mm Hg on two occasions 
at least 6 hours apart with or without proteinuria, or 
both. Preeclampsia was classified as mild or severe ac- 
cording to the criteria of the American College of Ob- 
stetricians and Gynecologists. All such patients received 
intravenous magnesium sulfate as prophylaxis against 
convulsions. Pregnancy outcome included frequency of 
preterm labor with or without preterm premature rup- 
ture of membranes and frequency of postterm preg- 
nancy. Perinatal outcome included gestational age at 
delivery, birth weight, placental weight, Apgar scores, 
number of infants admitted to the special care nursery, 
and the incidence of small-for-gestational-age infants. 

Our primary hypothesis was that daily supplemen- 
tation of 365 mg of elemental magnesium started in 
the second trimester of pregnancy would reduce the 
incidence of preeclampsia in a special population with 
an expected incidence of 20%. A sample size of 400 
individuals has a power of 80% to detect a 50% re- 
duction in the incidence of preeclampsia with an 
a = 0.05. 

For various reasons (refusal to start tablets, family 
wishes, to be seen by private physicians or in another 
clinic) 26 patients never took the medication after en- 
rollment into the study. Eleven were in the placebo 
group and 15 were in the magnesium group. These 
subjects were excluded from the study from the onset. 
All remaining subjects were included in the treatment 
group to which they were originally randomized, re- 
gardless of any follow-up experience. 

Statistical analysis used Student’s ¢ test, unpaired ¢ 
test, x’, and Fisher’s exact test when applicable. For 
serial blood pressure changes we used analysis of vari- 
ance for repeated measurements followed by Fisher’s 
least significant difference testing. A p value <0.05 was 
considered significant. 


Results 


Twenty-six subjects (11 in the placebo group and 15 
in the magnesium group) were excluded for never 
starting the medication for various reasons. Informa- 
tion was subsequently obtained on 24 of these preg- 
nancies. Two were complicated by preeclampsia and 
one other pregnancy resulted in fetal demise caused 
by congenital syphilis. The remzinder of the analysis 
focuses on the 374 patients (189 in the placebo group 
and 185 in the magnesium group) who started the med- 
ication and completed their prenatal care in our clinics. 

Table I compares relevant clirical characteristics in 
the two groups. There were no significant differences 
between the two groups regarding any of the categories 
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Fig. 1. A comparison of systolic blood pressures between placebo (e—e) and magnesium 
(o----0). There were no significant differences in systolic blood pressures at any time during 


pregnancy. 
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Fig. 2. A comparison of diastolic blood pressures between placebo (@ 





ə) and magnesium 


(o----0o). There were no significant differences in diastolic blood pressures at any time during 


pregnancy. 


studied. In addition there was no difference in racial 
distribution (90% in the placebo group versus 91% in 
the magnesium group). 

Analysis of the 24-hour recall data revealed no sig- 
nificant difference between the two groups regarding 
intake of calories, protein, calcium, or magnesium. The 
mean calcium and magnesium intakes by these patients 
were 1000 and 260 mg/dl, respectively. 

Fourteen subjects in the placebo group and 11 in the 
magnesium group discontinued intake of tablets before 
the beginning of the third trimester. The remaining 
subjects took approximately 90% of the possible num- 


ber of tablets, which were continued until onset of labor. 
The major reasons for stopping the medications were 
gastrointestinal symptoms (nausea, vomiting, diarrhea) 
and difficulty in swallowing the tablets. The incidence 
of gastrointestinal symptoms were similar in both 
groups (7% in the placebo vs. 6% in the magnesium 
group). 

There were no significant differences in either sys- 
tolic or diastolic blood pressure between the two treat- 
ment groups either at time of enrollment or at time of 
delivery. Figures 1 and 2 describe the mean systolic and 
diastolic blood pressure values at various gestational 
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Table II. Laboratory findings at time 





of delivery 
Placebo Magnesium 
Serum (N = 112) (N = 105) 
Magnesium (mg/dl)* 1.56 + 0.03 1.68 + 0.05 
Calcium (mg/dl) - 9.34 +0.61. 9.31 + 0.68 
Potassium (mEq/L) 4.0 + 0.47 4.0 + 0.44 
Sodium (mEq/L) ` 139 + 4.5 139 + 4.4 
Uric acid (mg/dl) 53+ 14 5.2 2 1.2 





All values represent mean + SEM. 
*b < 0.01. 


. Table IIL. Pregnancy outcome 





Preeclampsia 35 18.5 32 17.3 
Mild 28 14.8 28 15.1 
Severe 7 3.7 4 2.2 

Abruptio placentae 2 i 3 1.6 

Preterm labor i} l4 7.4 13 7.0 

Delivery (gestational age) 
=36 wk 18 95 19 10.2 
242 wk 6 3.2 6 3.8 


*No significant difference for any of the categories studied. 


ages in both groups. There were no significant differ- 
ences between the two groups regarding blood pressure 
changes throughout gestation (by analysis of variance 
for repeated measurements). However, within each 
group analysis of data with analysis of variance for re- 
peated measurements followed by Fisher's least signif- 
icant difference testing revealed a significant increase 
(p < 0.01) of both systolic and diastolic blood pres- 
sure values recorded at the time of enrollment com- 
pared to those recorded at or beyond 37 weeks of 
gestation. 

Calculations were repeated after excluding patients 
who did not take medications during the third trimester 
from the analysis. These exclusions did not affect the 
above changes in blood pressure. Similar calculations 
were repeated after patients in both groups who de- 
veloped preeclampsia were excluded. There were no 
differences in either systolic or diastolic blood pressures 
in subjects who remained normotensive in the two treat- 
ment groups. 

Serum levels of magnesium, calcium, sodium, potas- 
sium, and uric acid were obtained in the majority 
of patients who continued medication throughout 
pregnancy. Table II compares the. respective serum 
levels of these measurements in the two groups. The 
magnesium-supplemented group had statistically sig- 
nificantly higher serum magnesium levels than the pla- 
cebo group. However, the serum magnesium levels 
achieved in the magnesium group were in the ranges 
that have no clinical significance. 
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_ Table IV. Perinatal outcome 


Placeba* Magnestum* 
(N = 1907) | (N = 187) 


Birth weight (gm) 3066 + 43 3126 + 49 
"(mean + SEM) 
Placental weight 659 + 13 677 + 13 
(gm) 
(mean + SEM) 
Gestational age (wk) 39.0 + 0.2 39.0 + 0.2 
(mean + SEM) 
SGA (No. and %) 12 (6.3%) 9 (4.9%) 
Admitted to NSCU 13 (6.8%) 14 (7.5%) 
(No. and %) 
Apgar scores 
<5 at | min 16 (8.4%) 13 (7.0%). 
<7 at 5 min 5 (2.6%) 3 (1.6%) 
Miscarriage I 1 
Neonatal deaths I 1 





SGA, Small for gestational age; NSCU, neonatal special care 
unit. 


*No significant difference for any cf the categories studied. 
One set of twins. 
Two sets of twins. 


Table III summarizes the pregnancy outcome in the 
two groups. The incidence of preeclampsia was 18.5% 
in the placebo group and 17.3% in the magnesium 
group. Calculations were repeated after excluding 
three patients from the placebo group and two from 
the magnesium group who developed preeclampsia, 
and patients who stopped medications before the third 
trimester. The incidence of preeclampsia remained 
similar in both groups. We observed no statistically sig- 
nificant differences between treatment groups with re- 
spect to preterm labor, delivery at or before 36 weeks’ 
gestation, and postterm pregnancy. 

Table IV compares the perinatal outcome of the two 
treatment groups. There were no statistically significant 
differences between the treatment groups with respect 
to birth weight, incidence of fetal growth retardation, 
Apgar score, or number of infants admitted to the spe- 
cial care nursery. There was one miscarriage at 17 
weeks’ gestation and one neonatal death at 26 weeks’ 
gestation in the placebo group. In the magnesium 
group, there was one miscarriage at 20 weeks’ gestation 
and a neonatal death from multiple congenital anom- 
alies at 35 weeks’ gestation. 


Comment 


Serum magnesium levels are usually lower during 
pregnancy compared with the nonpregnant state, and 
are further reduced in the presence of preterm labor.’ 
In patients with preeclampsia magnesium levels were 
reported to be lower’ or similar to’? values observed 
in normotensive pregnancies. Because parenteral mag- 
nesium sulfate is the drug of choice in the treatment 
of preeclampsia, some authors suggested an etiologic 
relationship between magnesium deficiency and pre- 
eclampsia.®’ 
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In a retrospective study, Conradt et al.’ compared 
the pregnancy outcome in 4023 low-risk pregnancies 
to that in 882 pregnancies considered to be at risk for 
preterm delivery and fetal growth retardation. The 
high-risk group was treated with B- -sympathomimetic 
agents in combination with magnesium aspartate hy- 
drochloride. The incidence of preeclampsia was 2% in 
the no-treatment group and 0% in the treated group. 
The incidence of fetal growth retardation in the treated 
group was similar to that in the low-risk group. The 
authors concluded that magnesium supplementation 
prevents preeclampsia and fetal growth retardation. 

In their double-blind study of magnesium supple- 
mentation in pregnancy, Spatling and Spatling® found 
that magnesium supplementation was associated with 
significantly fewer maternal hospitalizations and with a 
reduction in both preterm labor and number of new- 
borns admitted to the intensive care unit. The differ- 
ences in outcome between the magnesium and placebo 
groups were primarily related to the significantly 
higher number of patients in the placebo group with 
a diagnosis of antepartum hemorrhage (17 vs 4) and 
incompetent cervix (17 vs 8). It is very unlikely that 
magnesium supplementation will prevent such com- 
plications. Hence, differences in outcome were related 
to the fact that the two groups were not comparable. 

The recommended daily allowance for dietary mag- 
nesium during pregnancy is 450 mg/day.’ Ashe et al.” 
observed that in middle-class pregnant women (stu- 
dents and personnel at the University of Tennessee, 
Knoxville) the magnesium intake was only 60% of the 
recommended allowance of pregnant women. It is con- 
ceivable that in indigent pregnant women, nutritional 
magnesium deficiency is much worse. In a preliminary 
study of 500 patients at our prénatal clinics, approxi- 
mately 75% of the patients took less than two thirds of 
the recommended dietary allowances of magnesium. 

Our study was designed to evaluate the effects of oral 
magnesium supplementation during pregnancy on the 
incidence of preeclampsia in a group of patients judged 
to be at a very High risk for the development of the 
disease (expected incidence of 20%). The population 
included a homogeneous group of young primigravid 
women who were indigent and mostly black (90%). 

Our findings support no evidence of any benefit of 
magnesium supplementation on the frequency of ei- 
ther preeclampsia or fetal growth retardation. In ad- 
dition, magnesium supplementation did not influence 
either the systolic or diastolic blood pressure in these 
patients. These findings are similar to those reported 
recently by Spatling and Spatling.® In contrast, we did 
not find any differences in frequency of preterm de- 
livery and number of admissions to a special care nurs- 


Magnesium supplementation in pregnancy 119 


ery between the placebo and the magnesium supple- 
mented group. Our study did not have adequate size 
to detect small differences in the incidence of preterm 
labor. However, when the incidence of preterm labor 
in both groups is considered, a sample size 10 times 
larger than the number studied here would not have 
shown any difference. 

The results of the present investigation do not sup- 
port the conclusion of the investigation by Conradt 
et al.” Perhaps the differences between both studies 
may be related to study design (retrospective in 
nature), the population studied (heterogeneous group 
of patients with various diagnoses) and the use of 
B-sympathomimetic agents in the study by Conradt 
et al. 

In summary, magnesium supplementation during 
pregnancy did not reduce the incidence of either pre- 
eclampsia or fetal growth retardation in our population. 


We thank Dr. Frank Douglas and Ms. Rita Geiser, 
Ciba-Geigy Corporation, for their contribution to this 
investigation. 
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Methicillin-resistant staphylococcal mastitis 


Charles Kalstone, MD 
Miami, Florida 


A postpartum patient had a unilateral breast infection that responded to cephalosporin treatment. During 
therapy, the contralateral breast developed a methicillin-resistant Staphylococcus aureus infection. The 
patient was hospitalized and treated successfully with intravenous vancomycin. Obstetricians should be 
alert to this possibility when treating patients with postpartum mastitis. (AM J Opster GYNECOL i 


1989; 161: 120.) 


Key words: Postpartum mastitis, Staphylococcus aureus, methicillin-resistant organism 


We report a case of postpartum mastitis caused by a 
methicillin-resistant Staphylococcus aureus infection. 
When such infection occurs, the usual antimicrobial 
therapy for mastitis may not be effective. 


Case report 

A 24-year-old primiparous woman who had a normal 
vaginal delivery 1 month previously was breast-feeding 
and developed mastitis in the left breast as evidenced 
by unilateral pain, tenderness, redness, and a fever of 
102° F. Cephalexin, 500 mg every 6 hours, was pre- 
scribed ‘and within 24 hours the patient was afebrile, 
felt well, and the’ breast tenderness was resolving. She 
continued to nurse. Two days later, while she was still 
taking- cephalexin, she developed a fever of 103° F 
pain, tendérness, and redness in the opposite breast, 
The initial (left) bres infection had completely re- 
solved. 

The development of mastitis in the contralateral 
breast while the patient was taking cephalosporin was 
thought to be caused by a methicillin-resistant Staphy- 
lococcus aureus infection. The patient was admitted to 
the hospital and treated with intravenous vancomycin, 
500 mg every 6 hours. Cephalexin was discontinued. 
Two blood cultures were obtained and these subse- 
quently revealed no growth. A Gram stain of the milk 
expressed from the iriflamed right breast did not show 
any organisms, but the culture later grew a methicillin- 
resistant Staphylococcus aureus, sensitive to vancomycin 
and Bactrim. The patient was advised to discontinue 
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nursing and was given bromocriptine mesylate and was 
treated with intravenous vancomycin for 5 days. Within 
24 hours she was afebrile and remained so; the breast 
inflammation resolved and she was discharged with 
Bactrim for 5 additional days. She had no further prob- 
lems. Her infant had no signs of staphylococcal infec- 
tion. An epidemiologic search did not reveal the source 
of the maternal infection. ` 


Comment 


Since the incidence of methicillin-resistant staphy- 
lococcal infections is increasing, it seems logical that 
they will be encountered in pestpartum mastitis. It 
had been standard practice to prescribe ampicillin 
in such cases. Even though the organism is usually a 
penicillinase-producing Staphylococcus aureus, the mas- 
titis usually responds." ? Because of concerns about 
penicillin-resistant’ Staphylococcus aureus strains, stan- 
dard treatment changed to a cephalosporin or cloxa- 
cillin. This case demonstrates that postpartum mastitis 
may not respond to these drugs or that it may develop 
in the opposite breast despite them. These patients 
should have cultures and be treated for a methicillin- 
resistant Staphylococcus aureus infection, either with in- 
travenous vancomycin or oral Bactrim, if the organisms 
are sensitive. 

I thank William J. Ledger, MD. Professor and Chair- 
man, Department of Obstetrics and Gynecology, Cor- 
nell Medical Center, New York, for his assistance. 
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Gestational trophoblastic disease: A case-control study from 


the People’s Republic of China 


Louise A. Brinton, PhD, Bao-Zhen Wu, MD,’ Wen Wang, MD, Abby G. Ershow, ScD,’ 
Hong-Zhao Song, MD, Jun-Yao Li, MD, Michael B. Bracken, PhD,* and 


William J. Blot, PhD? 


Bethesda, i Maa Beijing, Tropi Republic of China, and New Haven, Connecticut 


A case-control study involving 331 patients with complete hydatidiform mole and 662 community controls 
matched to the cases on age and timing of pregnancy was conducted in Beijing, China. A history of a term 
birth was associated with reduced risk (odds ratio. = 0.6, 95% confidence interval 0.4 to 0.9), with some 
evidence of further decrease with multiple births. Previous spontaneous abortions were not related to risk, 
although those with a prior induced abortion were at elevated risk, particularly if two or more abortions 
were involved (odds ratio = 2.8, 95% confidence interval 1.4 to’5.7). A history of having sought medical 
advice for infertility was associated with reduced risk (odds ratio = 0.5, 95% confidence interval 0.2 to 
0.8), but those who reported use of herbal medicines during a first trimester of a previous pregnancy were 
at excess risk (odds ratio = 2.2, 95% confidence interval 1.3 td 3.6). In addition, a statistically significant 
trend in risk was observed with years of oral contraceptive use (odds ratio = 2.6, 95% confidence interval 
0.9 to 6.9 for =4 years of use). Dietary habits and family histories of cancer or trophoblastic disease were 
not related to risk in this study. (Am J OBSTET GYNECOL 1989;161 121-7,) 


Key words: Hydatidiform mole, reproduction, infertility, contraception, epidemiology 


Hydatidiform mole, an abnormal proliferation of the 
trophoblast, has long been of interest to clinicians as a 
complication of pregnancy that frequently progresses 
to invasive disease or choriocarcinoma. Hydatidiform 
mole can: be classified into two distinct entities on the 
basis of pathologic and cytogenetic criteria.! The most 
clinically important entity, complete mole, usually has 
a 46,XX chromcsomal constitution. This is a conse- 
quence of an anucleate egg being fertilized by a haploid 

sperm; subsequently cell division restores the normal 

chromosome number. In contrast, partial moles contain 
maternal chromosomes in the karyotype and have a 
triploid genotype. 

Although the natural history of hydatidiform mole 
is relatively well understood, etiologic factors have re- 
ceived much less attention. It is recognized that risk 
increases significantly with late maternal age and to a 
lesser extent with pregnancies at very young ages.® ° 
The influence of other. reproductive factors, however, 
remains to be established. Other possible risk factors 
include Oriental race, low socioeconomic status, viral 
or parasitic infections, oral contraceptive use, consan- 
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guinity, and immunogenetic factors, although most of 
these variables have been suggested on the basis of case 
series rather than analytic studies. 

An incidence survey of hydatidiform mole in more 
than three million women in the People’s Republic of 
China‘ stimulated interest in further defining etiologic 
factors. Thus in 1982 a large case-control study was 
initiated in Beijing to evaluate the influence of a variety 
of environmental and genetic factors on risk of gesta- 
tional trophoblastic disease. 


Material and methods 


This case-control study, which was begun in April 
1984 after-a 1-year pilot study, included 5 years of 
retrospectively ascertained and 2 years of prospectively 
ascertained cases from éight Beijing hospitals. Al- 
though the study identified ‘all Beijing residents diag- 
nosed with gestational trophoblastic disease during the 
study period, ` patients diagnosed with partial hyda- 
tidiform mole (i.e., those with embryonal tissue in the 
evacuated ‘coriceptus) ‘were not enrolled because of 
small numbers ín = 7) and presumed differences in 
etiology and pathogenesis. Case definitions of study 
subjects were based on criteria established by the World 
Health Organization,’ as reported in another investi- 
gation of Chinese women.’ All cases of complete hy- 
datidiform mole without invasive complications were 
pathologically confirmed. A lower proportion of ma- 
lignant consequences were pathologically confirmed 
(36% of retrospective and 81% of prospective cases), 
primarily because of the nonsurgical treatment used to 
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Fable I. TiRED of cases and canprols by selected donde ogi pac factors 





Age at diagnosis* (yr) 
<24 | 
24-26 
27-29 
30-32 
233° 

Education 
No formal schooling 
Primary school -` 
Junior middle school 
Senior middle school 
College 
Other 
Unknown 

Family i income (yuant) (per No. of people eis 
<150° 
150-249 
250-849 
350-449 
2450 






Controls 


119 36.0 217 32.8 
97 29.3 225 34.0 
25 "1.5 78 11.0 
60 18.1 108 16.3 
20 6.0 40 6.0 
65 19.6 103 15.6 

122 36.9 302 45.6 
93 28.1 163 24.6 
20 6.0 35 5.3 
il 3.3 i8 2.7 

0 i 0.2 
52 15.7 109 16.5 
79 23.9 i35 20.4 
71 214 152 23.0 
59 17.8 102 15.4 
70 24.2 164 24.8 





*Matching variable. 
tIn 1978, one U.S. dollar = 1.68 yuan. 


preserve reproductive function. In the absence of 
pathologic confirmation, a diagnosis of invasive mole 
was assigned on. the basis of human chorionic gonad- 
otropin ‘determinations, x-ray examinations, and the 
disease being preceded by a molar pregnancy within 
the previous year. A total of 260 patients with non- 
invasive complete hydatidiform ‘mole, 157 with i invasive 
mole, and 34 with choriocarcinoma were ascertained 
during the study period. . 

Each case was personally intervjewed by trained in- 
terviewers, Interviews with prospectively ascertained 


cases were conducted in hospitals, while retrospectively 


ascertained patients were interviewed i in their homes. 
Interviews took approximately. 1 hour to complete and 
obtained detailed information on demographics, oc- 
cupation, pregnancy history, infertility, menstrual his- 
tory, contraceptive’ use, medical’ history, marriages, 
family history . of hydatidiform mole and choriocarci- 
noma, and cancer, smoking,. and dietary practices, In- 
terviews were obtained from’ 358 of the 451 eligible 
cases (79.4%). Reasons for nonresponse related pri- 
marily to difficulties in locating subjects (15.5%), with 
few subjects being excluded because of death (1. 8%) o or 
refusal to participate (3.3%). ' 
For each interviewed case in the study, two popula- 
tion controls were selected. Depending on whether the 
case resided i ah urban or a rural area, the first- unit 
of selection was the same street office or commune as 
that of the case. Within these areas, a random selection 
was made of one neighborhood committee or-produc: 
tion brigade (residential. units of approximately 900 


families); these were visited to abstract information 
from census lists on all women who were within 2 years 
of age of the identified case. These potential controls 
were located and information on the timing of all of 
their pregnancies was obtained. Control subjects were 
then sélected so that they had had a pregnancy within 
l year of the date of termination of the molar preg- 
nancy of the matched case. Control subjects were in- 
terviewed in their homes by the same questionnaire 
approach as that used with retrospective cases. 
Because the number of women with choriocarcinoma 
was small (n = 27), these subjects were not included 


in this analysis. Included for aralysis were 331 pa- 


tients with complete hydatidiform mole (189 with non- 
invasive ‘mole’ and 142 with invasive mole) and 662 
matched controls. , 

Since ‘study subjects were interviewed at variable 
times after diagnosis, it was, necessary to truncate ex- 
posure information in the analysis. Reproductive in- 
formation considered only pregnancies occurring be- 
fore the diagnostic molar pregnancy (and a comparable 
period: for matched controls). Contraceptive informa- 
tion was truncated at a common date 6 months before 
the earliest termination date of the last non- -molar preg- 
nancy of the case or her matched controls. - 

` The dietary history inquired about use of cooking 
oils and usual frequency of consumption of 32 food 
and beverage items 5 years before interview. The his- 
tory focused on alcoholic beverages and foods high in 
vitamin A (retinol and carotene sources) and folic acid. 
The yearly frequencies of intake of various food items 
i y é 7 
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Table II. Odds ratios of complete hydatidiform mole by selected reproductive variables 





Odds ` 95% Confidence 
Cases Controls ratio* interval 


No. of term births 


0 214 

1 65 

=? 52 
Spontaneous abortion 

No 289 

Yes 42 
No. of induced abortions 

0 250 

1 57 

=? 24 
Age at first pregnancyy (yr) 

<22 28 

22-23 24 

24-25 39 

26-27 4] 

2=28 22 
Ever breast-fed infant 

No 231 

Yes i 100 


410 1.0 — 
149 0.6 0.4-0.9 
103 0.5 0.3-0.9 
p for trend = 0.01 
- 598 1.0 — 
64 1.3 0.8-2.0 
540 1.0 — 
102 1.2 0.8-1.8 
20 2.8 1.4-5.7 
p for trend = 0.01 
45 1.0 — 
49 0.8 0.4-1.6 
84 0.8 0.4-1.6 
80 . 0.8 0.4-1.6 
56 0.6 0.3-1.3 
p for trend = 0.3 
451 ` 1.0 — 
211 1.0 0.6-2.0 








*Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 


use of oral contraceptives. 
Limited to previously pregnant women. 


were adjusted for length of season and summed to form 
food groups such as staple foods, animal foods, high 
vitamin A foods, and fruits. The control distributions 
of the two case series were each divided into quartiles 
for use as exposure levels in risk estimates. 

For evaluating effects of exposure factors related to 
complete hydatidiform mole, the measure of associa- 
tion used was the odds ratio, an estimate of the relative 
risk. Unmatched logistic regression analyses were per- 
formed to obtain maximum likelihood estimates of the 
odds ratios and 95% confidence intervals, adjusted for 
confounding variables. Two-tailed tests for trend in the 
logistic analyses were obtained by categorizing the ex- 
posure variable, assigning the score j to the jth exposure 
level of the categeric variable, and treating the scored 
variable as a continuous variable. Because matching was 
done in the study design, matched logistic regression 
analyses were also done. Since these analyses produced 
results nearly identical to those derived from the un- 
matched analyses, the latter were chosen for presen- 
tation. 


Results 


Table I shows selected sociodemographic variables 
for the patients with complete hydatidiform mole and 
their respective controls. The mean age of both the 
patients and the controls was 29.2 years. 

Cases and controls were compared on a number of 
sociodemographic variables, including education, fam- 


ily size, total family income in 1978 (before diagnosis 
of disease in any study subjects), and income per person 
supported. No appreciable differences were seen be- 
tween cases and controls for these variables. 

Analyses of reproductive factors showed a protective 
effect associated with ever having had a term live birth 
or stillbirth (odds ratio = 0.6, 95% confidence interval 
0.4 to 0.9). There was some indication of decreasing 
risk with increasing numbers of term births (Table II), 
although further decreases in risk were not observed 
for more than two births. After controlling for number 
of term births, there was no effect on risk of a history 
of prior spontaneous abortion. However, an elevated 
risk was associated with a histery of induced abortion, 
particularly if two or more abortions were reported 
(odds ratio = 2.8, 95% confidence interval 1.4 to 5.7). 

Although subjects were matched on age of index 
pregnancy, preventing assessment of this as a risk fac- 
tor, it was of interest to examine among previously 
pregnant women whether risk was influenced by age 
at first pregnancy. There was an increase in risk asso- 
ciated with a first pregnancy before age 22, but there 
were no clear trends in risk beyond this age. No striking 
associations were found for factors related to repro- 
duction, including ever having had a low-birth-weight . 
baby (<2.3 kg) or a baby with a birth defect, delivery 
by cesarean section, or history of breast-feeding. 

A history of having sought medical advice for infer- 
tility, although reported by a limited number of study 
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Table III. Odds ratios of complete hydatidiform mole by infertility and use of various preparations 


during first trimester of previous pregnancies 


; Odds 
Cases Controls ratio* 


Sought medical advice for infertility 


No 316 

Yes 15 
Use of herbal medicines during pregnancy 

No 295 

Yes ; 36 
Use of vitamins during pregnancy 

No 316 

Yes 15 
Use of progestogens during pregnancy 

No $ 314 

> Yes 17 





95% Confidence 


interval 
610 1.0 7 — 
52 0.5 0.2-0.8 
621 , 1.0 _ 
41 2.2 1.3-3.6 
639 1.0 _ 
23 1.0 0.5-2.2 
621 1.0 ~~ 
41 0.7 0.4-1.3 





*Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 


use of oral contraceptives. 


Table IV. Odds ratios of complete hydatidiform mole by years of oral contraceptive and TUD use 


Years of oral contraceptive use 


0 254 
<2 56 
2-3 10 
=4 ll 
Years of IUD use : 
0 302 
<2 ‘ 16 
=O 13 





Odds 95% Confidence 
ratio* interval 
543 1.0 — 
92 1.3 0.9-2.0 
17 1.4 0.6-3.2 
10 2.6 0.9-6.9 
i p for trend = 0.03 
607 1.0 _ 
34. 0.9 0.4-1.7 ` 
21 1.4 0.6-2.9 
p for trend = 0.8 





Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 


use of oral contraceptives. 


subjects, was associated with a significant reduction in 
risk (odds ratio = 0.5, 95% confidence interval 0.2 to 
0.8) (Table III). Use of herbal medicines during the 
first trimester of prior pregnancies, however, was as- 
sociated with an elevated risk (odds ratio = 2.2, 95% 
confidence interval 1.3 to 3.6). During prior pregnan- 
cies, comparable histories of exposure to vitamins, pro- 
gestogens, and estrogens (the latter not shown because 
of limited numbers) revealed no significant differences 
between cases and controls. 

Table IV presents results according to years of use 
of oral contraceptives and intrauterine contraceptive 
devices (IUDs). Risk increased significantly with du- 
ration of pill use, with the odds ratio being 2.6 (95% 
confidence interval 0.9 to 6.9) for users of 4 or more 
years. This association persisted after control for a va- 
riety of other factors, including infertility, which other 
studies have linked to oral contraceptive use. Similarly, 
the infertility relationships were unaltered when ex- 
amined only among non-—oral contraceptive users. 
Years of use of IUDs did not significantly relate to risk. 

The occurrence of complete hydatidiform mole was 


evaluated further according to several menstrual and 
anthropometric factors (Table V). Age at menarche was 
not associated with risk, despite a fair amount of range 
in ages at onset. Menstrual irregularity, reported by 
only a small proportion of the study subjects, was also 
not associated with risk (odds ratio = 1.1). Other fac- 
tors examined included whether sexual intercourse was 
avoided during menses and how often the perineum 
was washed, but neither of these behaviors was pre- 
dictive of risk. 

Adult height and weight before a first pregnancy did 
not appear to relate to risk of complete mole, nor did 
more refined measures of body mass, including Que- 
telet's index (weight/height’). 

Risk was evaluated in relation to a number of pre- 
vious diseases, including several experienced during 
the first trimester of previous pregnancies (Table VI). 
Although no significant associations were observed with 
a variety of conditions or diseases during pregnancy, 
including toxemia, influenza, and other conditions, 
subjects reporting toxemia were at a nonsignificantly 
elevated risk (odds ratio = 1.7, 9% confidence interval 
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Table V. Odds ratios of complete hydatidiform mole by menstrual and anthropometric variables 


Odds 95% Confidence 
Cases Controls F retio* interval 





Age at menarche (yr) 


<14 a0 169 1.0 — 
14 57 113 1.0 0.6-1.5 
15 67 143 1.0 0.6.-1.4 
16 60 130. 0.9 0.6-1.3 
217 57 107 1.0 0.6-1.5 
p for trend = 0.7 
Menstrual irregularity 
No 307 614 1.0 — 
Yes 24 48 1.1 0.6-1.8 
Weight (jint) 
<100 G2 200 1.0 — 
100-109 . 96 164 1.2 0.8-1.8 
110-119 El 144 1.3 0.9-1.9 
=120 61 154 0.9 0.6-1.4 
Unknown l i 
p for trend = 1.0 
Height (cm) 
<155 44 91 1.0 — 
155-159 119 214 1.2 0.8-1.8 
160-164 112 245 0.9 0.6-1.4 
=165 56 112 1.0 0.6-1.6 
p for trend = 0.5 





*Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 
use of oral contraceptives. 


fOne jin = 500 gm. 


Table VI. Odds ratios of complete hydatidiform mole by prior medical history variables 


Odds 95% Confidence 
Cases Controls ratio* interval 


Diseases during prior pregnancies 


Toxemia 
No 298 613 1.0 — 
Yes 33 49 1.7 0.9-2.8 
Influenza during first trimester 
No 323 649 1.0 — 
Yes 8 13 0.8 0.3-2.1 
Other diseases during first trimester 
No 319 648 1.0 — 
Yes j 12 14 1.2 0.5-2.8 
Other prior diseases . i 
Erosion of the cervix 
No 311 615 1.0 — 
Yes 20 47 0.8 0.4-1.4 
„Abnormal genital bleeding 
No 326 646 1.0 — 
Yes 4 14 0.6 0.2-1.9 
Unknown 1 2 1] 0.1-12.2 
Anemia i 
No 288 583 1.0 — 
Yes 43 78 1.1 0.7-1.6 
Unknown 0 1 








*Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 
use of oral contraceptives. 


0.9 to 2.8). Diseases experienced at other times, in- dose-response relationship of risk with foods rich in 
cluding cervicitis, abnormal genital bleeding, and ane- retinol, carotene, ascorbic acid, folic acid, or riboflavin. 
mia, were not predictive of risk. Intake of crude cottonseed oil, a source of the repro- 

There was no apparent relationship between risk and ductive toxin gossypol, was also generally not related 
yearly intake of staple foods, animal source foods, veg- to complete hydatidiform mole. ` 


etables, legumes, or fruits. There also was no consistent No clear trends of disease were observed with either 
C a ns 
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Table VII. Odds ratios of complete hydatidiform mole by age difference between subject and husband, 
family history of cancer, smoking, and alcohol consumption 





. Cases 
Age difference of father and mother (yr?) 
Same age : 75 
1-2 103 
3-4 52 
>25 i 38, 
Mother clder 53 
Family history of cancer 
No 296 
Yes 32 
Unknown 3 
Ever smoked 
No 314 
Yes 17 
Unknown 
Alcohol consumption (drinks per year) 
None 217 
<13 . ‘6l 
13-52 ‘ - 28 


253. 25 


Odds 95% Confidence 
Controls ratio* interval 
133 1.0 
238 0.8 0.5-1.1 
138 0.6 0.4-1.0 
-56 1.3 0.8-2.2 
87 1.1 0.7-1.7 
592 1.0 
66 0.9 0.6-1.4 
4 1.5 0.3-6.7 
633 1.0 — 
28 1.2 0.6-2.3 
l 
438 1.0 =" 
153 0.8 0.5-1.1 
47 LI 0.7-1.8 
24 2.1 1.2-3.9 
p for trend = 0.1 


*Basic adjustment model included age, number of term births, number of abortions, infertility, herbal medicines, and years of 


use of oral contraceptives. 


{Limited to subjects married only once. Unknowns eliminated from analysis. 


age of the father at conception of the molar pregnancy 
(not shown) or with the age difference between the 
study subject and her husband (Table VII). Family his- 
tories of cancer in first-degree relatives or husbands 
were also not predictive of risk, nor were family his- 
tories of gestational trophoblastic diseases, which were 
not reported for any of the mothers or sisters of the 
study subjects. 

Ever having smoked cigarettes was also not associated 
with disease risk, although few subjects reported such 
a history. There was some evidence that the subjects 
with the highest intake of alcohol (more than 52 drinks 
per year) were at an elevated risk (odds ratio = 2.1, 
95% confidence interval 1.2 to 3.9), although alcohol 
consumption at lower levels was not related to risk. 

Finally, relationships were examined according to 
whether the case was retrospectively or prospectively 
ascertained, as well as by the occurrence of invasive 
complications. No major differences in results were ob- 
served between the retrospective and prospective se- 
ries. Number of prior abortions was a stronger risk 
factor for invasive mole, whereas oral contraceptive 
usage more adversely affected noninvasive mole. Other 
risk factors operated similarly between the two case 
series, 


Comment 

Similar to other studies,*” we found that a history of 
a prior term birth was associated with reduced risk for 
complete hydatidiform mole (odds ratio = 0.6) and 


that there was some evidence of a decreasing trend in 
risk with number of births. Similar to one other study’ 
but in contrast with others,”*® we found no relationship 
of risk with the occurrence of prior spontaneous abor- 
tions. It is of note that we observed a significant rela- 
tionship of risk to prior induced abortions, particularly 
if two or more abortions were involved. Other studies 
have been unable to assess this essociation in detail be- 
cause of limited reporting of the procedure. However, 
our finding was difficult to interpret because of the 
possibility of recall bias and the absence of reasons for 
the terminations. Further investigation appears war- 
ranted. 

A history of infertility in this study was not associated 
with increased risk, as reported by La Vecchia et al. 
but not by Messerli et al.° In fact, there was some evi- 
dence of a protective effect, although the nature of the 
infertility was somewhat unusual since all subjects were 
required to have been pregnart at least once. In ad- 
dition, histories were limited to women who had sought 
medical advice for their problems, and numbers of such 
women were small. Of particular interest was an ele- 
vated risk associated with use of herbal medicines dur- 
ing the first trimester of previous pregnancies. Al- 
though recall bias or uncontrolled confounding cannot 
be ruled out, it is of interest that we did not find a 
similar association with other preparations used during 
pregnancy, including progestogens, estrogens, or vi- 
tamins. The absence of information on reasons for use 
of herbal medicines prevents an assessment of whether 
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the increased risk is associated with the indication for 
use or the actual preparation. A history of abnormal 
bleeding did not appear to explain the relationship with 
herbal medicines, but other underlying disorders such 
as nausea, vomiting, or threatened miscarriage cannot 
be dismissed. It is possible that the herbal medicines, 
which are composed of a complex of natural and 
synthetic constituents, may have mutagenic or carci: 
nogenic properties. Although our findings are of in- 
terest given laboratory findings that choriocarcinoma 
can be induced in patas monkeys by exposure to ethyl- 
nitrosourea during pregnancy,” further analytic studies 
in humans are needed. . 

Of further interest is the significant relationship that 
we observed between years of oral contraceptive use 
and risk of complete mole, where users of 24 years 
were at a nonsignificant 2.6-fold risk. Although the 
finding was based on small numbers and a biologic 
mechanism is unclear, the association is consistent with 
an effect observed by Berkowitz et al.,’° although in 
that study the relationship appeared to be significantly 
confounded by IUD use. Studies by Messerli et al.° and 
La Vecchia et al., however, failed to find an effect of 
oral contraceptives on the occurrence of hydatidi- 
form mole. Other studies have suggested that oral 
contraceptives may increase the risk of malignant se- 
quelae after molar evacuation by providing a tumor- 
stimulating effect.'!' In one study” this effect was re- 
stricted to users of high-dose estrogens, although in 
other studies™! there was no effect of the pill on post- 
molar complications, regardless of the preparations 
used. However, in our study, pill associations were 
stronger for noninvasive mole than for invasive mole. 

Our study also provided the opportunity to evaluate 
a number of risk factors suggested by other. investi- 
gators. Although late paternal age has been suggested 
in one study to increase ‘the risk of trophoblastic dis- 
eases," other investigations,® “ as well as our own, failed 
to confirm this. Cigarette smoking has also been linked 
with the occurrence of trophoblastic diseases,® but this 
could not be fully examined’ in our study as so few 
Beijing women smoked cigarettes. Furthermore, our 
results failed to indicate a relationship of risk to any 
dietary variables, including carotene, which has been 
suggested as a protective factor for complete hyda- 
tidiform mole.’ However, this may be due in part to 
the difficulty of studying dietary exposures in China, 
where the food supply comprises relatively few items 
in any one locale and there is little heterogeneity in 
intake among subjects. Finally, other studies have 
hinted that a family history of trophoblastic diseases'® 
might be important etiologic factors, but our study was 
unable to detect such an effect. l 

Although genetic investigators indicate that complete 
hydatidiform mole originates at fertilization, our results 
suggest that influences operating earlier; possibly on 


Gestational trophoblastic disease: Case-control study 127 


the susceptibility of the genetic material in the ovum, 


may also be involved. It is well established that a major 
predictor of risk is maternal age, but our results indicate 
that even after controlling for this factor, other repro- 
ductive factors seem to be etiologically important. In 
particular, the protective effect ofa term pregnancy on 
risk of a subsequent molar pregnancy was apparent, 
whereas unnaturally terminated pregnancies increased 
risk. Furthermore, this study. raises new questions re- 
garding chemical and hormonal influences, particularly 
oral contraceptives, supporting the need for further 
detailed investigations. 
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Randomized treatment of mucopurulent cervicitis with 


doxycycline or amoxicillin 


Jorma Paavonen, MD, Pacita L. Roberts, MS, Claire E. Stevens, MA, PA, 
Pal Welner-Hanssen, MD, Robert C. Brunham, MD, Sharon Hillier, PhD, 
Walter E. Stamm, MD, Cho-Chou Kuo, MD, Timothy DeRouen, PhD, 
King K. Holmes, MD, PhD, and David A. Eschenbach, MD 


Seattle, Washington 


A randomized trial of doxycycline versus amoxicillin was performed to treat mucopurulent cervicitis. 
Chlamydia trachomatis, the most common single agent associated with mucopurulent cervicitis, was 
isolated from 30 (47%) and Neisseria gonorrhoeae from five (8%) of 64 patients. Patients were followed 
up for 3 months, and the effect of treatment was assessed by clinical (presence of endocervical mucopus, 
cervicitis severity score, and number of polymorphonuclear leukocytes on Gram-stained smears of 
endocervical secretions) and microbiologic criteria. Doxycycline and amoxicillin were equally effective for 
treating chlamydial and nonchlamydial cervicitis. However, endocervical mucopus was still present in 18% 
of the patients in both treatment groups after 2 months and in 23% of the doxycycline group and 33% of 
the amoxicillin group after 3 months of therapy. The cause of persistent/recurrent mucopus after 
antimicrobial treatment was not explained by relapse or reinfection with Chlamydia trachomatis, Neisseria 
gonorrhoeae, genital mycoplasmas, or Gardnerella vaginalis, but persistence was associated with the 


degree of cervical ectopy. (AM J OBSTET Gynecol 1989;161 1128-35.) 


Key words: Chlamydia trachomatis, Neisseria gonorrhoeae, mucopurulent cervicitis, treatment of 


mucopurulent cervicitis 


Chlamydia trachomatis and Neisseria gonorrhoeae 
cause mucupurulent cervicitis."° Mucopurulent cervi- 
citis represents an important reservoir for upper gen- 
ital tract infec:ion in women. Acute pelvic inflammatory 
disease develops in 10% to 20% of women with C. tra- 
chomatis or N. gonorrhoeae cervicitis.t However, only 
about half of women with mucopurulent cervicitis 
have chlamydial or gonococcal cervical infection,’ and 
the cause of the cervicitis and the risk of pelvic in- 
flammatory disease among women with nonchlamyd- 
ial/nongonococcal cervicitis is unknown. l 

Women with mucopurulent cervicitis have cytologic,’ 
colposcopic,‘ and histologic’ abnormalities regardless of 
whether C. trachomatis or N. gonorrhoeae is present. 
Observation of the clinical characteristics of cervicitis 
provides the only practical manner to monitor the ef- 
fects of antimicrobial therapy among patients not in- 
fected with these two organisms. The eradication of 
C. trachomatis and N. gonorrhoeae from the cervix by 
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penicillin-tetracycline regimens has been well docu- 
mented.” However, the effect of antimicrobial therapy 
on clinical features of cervicitis and the treatment of 
nonchlamydial, nongonococcal cervicitis has not been 
reported, and more information is required of the 
treatment of all varieties of cervicitis. In this study we 
compared the effects of two antimicrobials on the re- 
sults of cervical cultures, the cl:nical features of cervi- 
citis, and polymorphonuclear leukocytes observed on 
Gram-stained smears of cervical secretions. 


Material and methods 


Study population. Nonpregnant women with gross 
endocervical mucopus who attended the Seattle—King 
County Sexually Transmitted Diseases Clinic at Har- 
borview Medical Center in Seattle were eligible for 
study. Consecutive women who agreed to the random- 
ized treatment section of the study were selected from 
a larger group of women with cervicitis previously de- 
scribed.? Patients were included if they had a yellow 
mucopurulent endocervical discharge as observed on a 
white cotton swab as previously described."? Exclusion 
criteria were under 16 years old, allergy to either study 
drug, ingestion of antimicrobial drugs within the prior 
month, use of intrauterine contraceptive device, or his- 
tory of pelvic inflammatory disease. Five additional 
women with menses were excluded because they could 
not be evaluated for the presence of endocervical mu- 
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Table I. Characteristics of women with mucopurulent cervicitis randomly treated with doxycycline 


or amoxicillin 





Characteristics 





Yr of age (mean + SD) 
No. white (%) 
No. single (%) 
Yr of education (mean + SD) 
No. ever pregnant (%) 
No. parous (%) 
No. using oral contraceptives (%) 
Age at first intercourse (mean + SD) 
Lifetime sex partners (median number) 
No. with past history of STD (%) 
Mean cervicitis severity score 
No. (%) infected with: 

C. trachomatis alone 

N. gonorrhceae/C. trechomatis 

U. urealyticum 

G. vaginalis 

Herpes simplex virus 

T. vaginalis 
No. with baczerial vaginosis (%) 


Doxycycline group Amoxicillin group 
(N = 37) (N = 27) 
25.0 + 6.1 23.1 + 4.5 
27/36 (75) 24/27 (89) 
32/36 (89) 24/27 (89) 
13.4 + 2.7 13.1 + 2.7 
22/36 (61) 9/27 (33) 
13/37 (35) 7/27 (26) 
19/36 (53) 18/27 (67) 
17.5 + 2.5 17.6 + 2.8 
6 7 
26/35 (74) ° 20/25 (80) 
4 5 
16/37 (43) 9/27 (33) 
2/37 (5) 3/37 (11) 
29/35 (74) 20/26 (77) 
25/34 (83) 17/25 (68) 
2/37 (6) 1/27 (4) 
1/23 (3) 4/27 (15) 
8/23 (35) 7/16 (44) 





STD, Sexually transmitted disease. 


copus. Seventy-two women were initially enrolled into 
the study, and the 64 women who returned for one or 
more follow-up visits are included in these analyses. 

Patient evaluation. A standardized interview was ob- 
tained concerning menstrual, contraceptive, sexual, 
and a prior sexually transmitted disease history. During 
the speculum examination, the appearance of the cer- 
vix was observed both before and after vaginal material 
was removed from the portio with a large swab. The 
color of cervical secretions viewed on a white cotton 
swab was classified as clear, white, cloudy, or yellow. 
The severity of inflammation of the cervical epithelium 
was assessed by scoring the degree of (1) mucosal bleed- 
ing induced by swabbing the cervix, (2) presence of 
erythema, and (3) presence of edema in the zone of 
ectopy and the transformation zone as observed with 
the unaided eye. Each finding was scored as 0 (none 
or normal, 1+ (mild), 2+ (moderate), or 3+ (severe), 
and the sum of these scores represented the cervicitis 
severity score." * Mild bleeding was defined as a few 
two drops of blood after repetitive swab sampling of 
the cervix. Bleeding that soaked a Q-tip swab with the 
first or second swab sampling was defined as moderate 
bleeding, and bleeding down the face of the cervix with 
the first swab or vaginal pooling of blood was defined 
as severe bleeding. Erythema was defined as an abnor- 
mal red color in the area of ectopy (transformation 
zone) subjectively zraded as mild, moderate, or severe 
redness. Edema was defined as an elevation of the area 
of ectopy above the level of surrounding ectocervical 
squamous epithelium and was subjectively graded as 
mild, moderate, or severe elevation. 

Collection of specimens. Urethral and endocervical 


specimens were obtained for isolation of C. trachomatis 
as previously described.” Endocervical specimens were 
obtained for C. trachomatis with sterile Dacron swabs 
and for other organisms with sterile cotton swabs. The 
swabs for C. trachomatis and herpes simplex virus cul- 
tures were placed in transport media as described else- 
where.” The remaining swabs were directly placed on 
the following media: Thayer-Martin medium for Neis- 
seria gonorrhoeae, human blood Tween (HBT) medium 
for Gardnerella vaginalis, Diamond’s medium for Tricho- 
monas vaginalis, and agar and broth media for Urea- 
plasma urealyticum and Mycoplasma homanis, as previously 
described.’ Aliquots of vaginal fluid were mixed with sa- 
line solution and microscopically examined for the pre- 
sence of clue cells and motile trichomonads. A diagnosis 
of bacterial vaginosis was made by previously described 
Gram stain characteristics’ when the number of small 
gram-negative bacilli and gram-positive cocci was 
greater than the number of Lactobacillus morphotypes. 

Definition of mucopurulent cervicitis. After the ec- 
tocervix was wiped clean with a large cotton swab, en- 
docervical mucus was collected on a white-tipped swab, 
with care taken to avoid contamination by vaginal se- 
cretions. The presence of a yellow mucopurulent en- 
docervical discharge (mucopus) as observed on the 
white cotton swab was used to diagnose mucopurulent 
cervicitis.' The swab was rolled onto a 2 cm? area of a 
glass microscope slide. The smear was air dried and 
Gram stained by the rapid method. Slides were scanned 
at a magnification of 100 to evaluate the presence and 
amount of cervical mucus, to look for squamous cells, 
and to identify areas of mucus that appeared to contain 
inflammatory cells. Most often polymorphonuclear leu- 
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Table I. Recovery of selected organisms among women with mucopurulent cervicitis treated with 
doxycycline or amoxicillin 











Women with organisins recovered! no. 
cultured at that visit 








Total no. women with 








Organism designated as presence (+) or 
absence (—) before treatment 


Doxycycline 
group ; 
C. irachomatis + (N = 18) 0/15 
C. trachomatis — (N = 19) 1/17 
U. urealyticum + (N = 29) 6/24 
U. urealyticum ~ (N = 6) 1/3 
M. hominis + (N = 13) 3/9 
M. hominis — (N = 31) 2/18 
G. vaginalis + (N = 25) 6/12 
G. vaginalis — (N = 9) 0/6 
Amoxicillin 
group . rae 
C. trachomatis + (N = 12) 1/10 
C. trachomatis > (N = 15) -1/15 
U. urealyticum + (N = 20) 16/18 
U. urealyticum — (N = 6) 2/5, 
M. hominis + (N = 13) 8/13 
M. hominis ~ (N = 13) 2/11 
G. vaginalis + (N = 17) P 718 
G. vaginalis - (N = 8) : 2/4 






organisms recovered 
at any follow-up visit 





1/12 6/10 1/17 
0/15 0/16 1/19 
11/20 11/20 16/28 
1/4 1/4 2/5 
5/9. 4/9 8/13 
4/15 4/14 8/20 
9/12 8/12 13/18 
1/4 3/5 4/6 
0/10 1/7 2/11 
0/12 1/10 2/15 
13/16 11/13 18/19 
2/3 1/2 3/5 
5/12 6/12 11/13 
3/9 1/4 3/12 
4/5 4/4 8/9 
2/3 1/3 4/5 











*Follow-up visits after initiation of treatment. 


kocytes were distributed uniformly i in cervical mucus; 
but in cases in which they were distributed in a patchy 
fashion, representative areds containing the densest 
concentration of such leukocytes were selected. The 
number of polymorphonuclear leukocytes per micro- 
scopic field at a magnification of 1000 in five nonad- 
jacent fields was then established with use of an oil lens 
(polymorphonuclear leukocyte count). Details of the 
examination have been published.' 

Microbiologic studies. C, trachomatis was isolated on 
idoxuridine treated McCoy cells, and N. gonorrhoeaé was 
identified by sugar fermentation as described.’ Speci- 
mens from inoculated Diamond’s medium" were mi- 
croscopically examined every other day for 1 week'to 
identify T. vaginalis. The methods used to identify 


herpés simplex virus, U. urealyticum, M. hominis, and - 


G. vaginalis have been described.’ 

Treatment and follow-up. Patients, were randomly 
assigned by a consecutive closed envelope draw to ré- 
ceivé 100 mg of oral doxycycline twice daily for 14 days 
or oral amoxicillin, 3 gm, with 1 gm probenecid as an 
initial dosé, followed by 500 mg three times daily for 
14 days. Patients were asked to avoid sexual activity 
during the treatment, encourage their sexual partners 
of the past month to come for evaluation and treatment 
to the same cliitic, use condors until after the final 
follow-up visit, and return for follow-up visits at 4, 8, 
and 12 weeks after treatment was initiated. At follow- 
up visits, the presence or absence of mucopurulent cer- 
vicitis and other genital infections was reassessed, and 





all microscopic and microbiologic studies performed at 
the first visit were repeated. 

Statistical analysés. Statistical comparisons between 
treatment groups for dernographic, behavioral, clinical, 
and microbiologic variables used Fisher's exact test for 
categoric variables with dichotomous outcomes, and the 
Student ¢ test for continuous variables. Comparisons 
between treatment groups for polymorphonuclear leu- 
kocyte counts and cervicitis scores were made at 4., 
8-, and 12-week visits with the use of the Mann-Whitney 
rank-sum test. Within treatment groups, statistical sig- 
nificance of changes between visits was determined with 


- Wilcoxon’s signed rank test for paired data. Logistic 


regression analysis was used to test effects while ad- 
justing for potefitially confounding variables." 


Results 

Microbiologic results of therapy. Sixty-four patients 
with mucopurulent cervicitis were enrolled arid re- 
turned for one or more follow-up visits; 37 received 
doxycycline and 27 received amoxicillin. Of these pa- 
tients, 57 were examined at 1 month, 51 at 2 months, 
and:44 at 3 months. The treatment groups were com- 
parable with respect to age, race. marital status, edu- 
cation, gravidity, parity, contraceptive use, age at first 
intercourse, number of lifetime sexual partners, and 
past history of sexually transmitted diseases (Table I), 
C. trachomatis alone was isolated from the cervix from 
25 (39%) of the 64 patients, and both C. trachomatis and 
N. gonorrhoeae were isolated from five (8%) of the 
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wee Amoxicillin (n=27) 
wae Doxycycline (n=37) 


Percent with Endocervical Mucopus 











Months Post Treatment 


Fig. 1. Number of patients with endocervical mucopus over 
number of patients examined (%) before treatment and at 1, 
2, and 3 month visits after starting treatment with doxycycline 
or amoxicillin. 


women. N. gonorrhoeae was not isolated without C. tra- 
chomatis. Neither organism was found in 34 (53%) of 
the women. At enrollment, the prevalence of C. tra- 
chomatis, N. gonorrhoeae, herpes simplex virus, U. ureal- 
yticum, M. hominis, and G. vaginalis was similar in the 
two treatment groups. 

The presence of selected organisms at each of the 
follow-up visits stratified for the presence or absence 
of the organism at enrollment is tabulated in Table II 
for the doxycycline- and amoxicillin-treated groups. 
Both antibiotic regimens appeared effective in eradi- 
cating C. trachomatis and N. gonorrhoeae as determined 
at the 3-month follow-up visit. Among women positive 
for C. trachomatis at the initial visit, C. trachomatis was 
reisolated at any follow-up visit in one (6%) of 17 fol- 
lowing doxycycline treatment and in two (18%) of 11 
following amoxicillin treatment (NS). Among women 
negative for C. trachomatis at the enrollment visit, 
C. trachomatis was isolated at any follow-up visit from 
one (5%) of 19 patients given doxycycline and two 
(13%) of 15 given amoxicillin (NS). Thus C. trachomatis 
was isolated from two (6%) of 36 patients after doxy- 
cycline treatment and from four (15%) of 26 patients 
after amoxicillin treatment (NS). N. gonorrhoeae was not 
reisolated after therapy. 

Neither regimen effectively eradicated U. urealyticum, 
M. hominis, or G. vaginalis (Table II). Among patients 
who were initially U. urealyticum positive, U. urealyticum 
was reisolated after therapy from 16 (57%) of 28 pa- 
tients treated with doxycycline and from 18 (95%) of 
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awe Amoxicillin 
=m Doxycycline 


Cervicitis Severity Score 





Months Post Treatment 


Fig. 2. Median cervicitis severity score with twenty-fifth and 
seventy-fifth percentiles before treatment and at 1, 2, and 3 
months after starting treatment with doxycycline or amoxi- 
cillin (number indicates number of observations). 


19 patients treated with amoxicillin (p = 0.005). Al- 
though doxycycline was significantly more effective 
than amoxicillin in the eradication of U. urealyticum, the 
persistence of mucopurulent cervicitis was not signifi- 
cantly related to subsequent U. urealyticum isolation. 
Also, no association was found between mucopurulent 
cervicitis after therapy and the reisolation of M. hominis 
or G. vaginalis. 

Effects of therapy on mucopus and cervical ap- 
pearance. Fig. 1 shows the proportion of patients with 
endocervical mucopus in the two treatment groups at 
the initial and each of the three follow-up visits. Since 
some patients missed one or more follow-up visits, a 
“time to cure” could not be clearly defined for every 
patient. As shown in Fig. 1, the proportion of patients 
with mucopus decreased during the first month after 
therapy month, reached a minimum of 18% at 2 
months in both groups, and increased at 3 months to 
33% in the amoxicillin group and 23% in the doxycyc- 
line group. No significant difference between treatment 
groups was found in the proportion of women with 
mucopus at any of the visits. 

The vast majority of persistent or recurrent mucopus 
after antimicrobial treatment could not be explained 
by the reisolation of C. trachomatis, N. gonorrhoeae, 
U. urealyticum, M. hominis, or G. vaginalis for follow-up. 
C. trachomatis was only isolated from four (27%) pa- 
tients, and N. gonorrhoeae was isolated from none of the 
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Cervicitis Severity Score 
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Months Post Treatment 


Fig. 3. Median cervicitis severity score with twenty-fifth and 
seventy-fifth percentiles before treatment and at 1, 2, and 3 
months after starting treatment with doxycycline or amoxi- 
cillin among patients with positive (A) and negative (B) cervical 
culture for C. trachomatis (number indicates number of obser- 
vations). 


15 patients who had mucopus at the 2- or 3-month visit. 
The reisolation of none of the other organisms sought 
in this study correlated with mucopus on follow-up. 
As shown in Fig. 2, the cervicitis severity score de- 
clined significantly after treatment in both treatment 
groups at 1 month (p < 0.005), and the improvement 
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in severity score persisted throughout the follow-up 
period. The two antibiotic regimens had comparable 
effects on the cervicitis severity score of patients with 
C. trachomatis—positive (Fig. 3, A) and C. trachomatis— 
negative (Fig. 3, B) cervicitis. However, a statistically 
significant decrease in the cervicitis severity score only 
occurred among patients who were C. trachomatis pos- 
itive. The follow-up severity score was not related to 
the isolation of U. urealyticum, 14. hominis, and G. vag- 
inalis on follow-up. 

We also studied the effect of therapy on polymor- 
phonuclear leukocyte counts observed in Gram-stained 
endocervical smears. As shown in Fig. 4, both doxy- 
cycline and amoxicillin therapy effectively lowered the 
polymorphonuclear leukocyte counts or the cervical 
mucus, and this effect persisted throughout the follow- 
up period. There was no relationship between the poly- 
morphonuclear leukocyte count at follow-up and the 
initial diagnosis of chlamydial versus nonchlamydial 
mocupurulent cervicitis or the isolation of U. urealyti- 
cum, M. hominis, or G. vaginalis at follow-up, 

Association of ectopy with persistent mucopus. 
Among women not initially infected with C. trachomatis 
or N, gonorrhoeae, oral contraceptives were used by nine 
(81%) of the 11 patients with persistent or recurrent 
mucopus and by three (25%) of 12 patients without 
persistent or recurrent mucopus (p = 0.01). This as- 
sociation was not seen among women who initially had 
C. trachomatis isolated. To further study factors that may 
be responsible for persistent mucopus, 24 patients with 
persistent mucopus and 20 patients without mucopus 
at each follow-up visit were further evaluated. The me- 
dian areas of the ectocervix that showed ectopy ranged 
from 30% to 50% for those with persistent mucopus 
and from 10% to 20% for those without mucopus over 
the follow-up visits (p = 0.01), and more of them used 
oral contraceptives (p = 0.04) than women without 
mucopus on follow-up. Oral contraceptive use has been 
related to both ectopy and C. trachomatis isolation in 
other studies. Therefore a logistic regression analysis 
was performed with mucopus as the dependent vari- 
able and with ectopy, U. urealyticum, oral contraceptive 
use, and age as independent variables. Persistent mu- 
copus remained associated with a greater area of ectopy 
(p < 0.01) after controlling for the other variables 
listed, whereas persistent mucopus was not significantly 
related to any of the other variables in this analysis. 

Side effects. Side effects during the treatment were 
more common with doxycycline (46%) than with amox- 
icillin (26%) administration (Table III). However, side 
effects were generally mild and did not necessitate dis- 
continuation of therapy in any patient. 

Treatment of the male partner. Physical examina- 
tions were performed on 27 (42%) of the 64 potential 
male partners, including 17 (46%) partners of women 
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Table ITI. Reported side effects of the 
antimicrobial medications 





Doxycycline Amoxicillin 
Side effect (N = 37) (N = 27) 
Diarrhea 1 3 
Nausea 6 0 
Diarrhea and nausea 2 0 
Heartburn 2 0 
Yeast vaginitis 4 4 
Skin rash 2 0 
Any side effect 17 (46%) 7 (26%) 





from the doxycycline group and 10 (37%) partners of 
women from the amoxicillin group. Of male partners, 
15 had nongonococcal urethritis (one had C. tracho- 
matis), one had both C. trachomatis and recurrent herpes, 
one had an asymptomatic C. trachomatis urethritis, and 
two other partners had gonococcal urethritis, one of 
whom also had C. trachomatis. Thus 19 (70%) of the 27 
male partners of women with mucopurulent cervicitis 
had either clinical or culture evidence of urethritis. Per- 
sistence of endocervical mucopus was more common 
in women whose male partners had not received treat- 
ment (eight of 20) compared with women whose part- 
ners had received antibiotic treatment (five of 24), al- 
though the difference was not statistically significant. 


Comment 


Mucopurulent cervicitis is one of the most frequent 
genital infections among women. Approximately half 
of the women with mucopurulent cervicitis have had 
C. trachomatis or N. gonorrhoeae isolated from the cervix, 
and these organisms are well-established causes of 
the infection.” C. trachomatis has been isolated four 
to five times more commonly than N. gonorrhoeae 
among women with mucopurulent cervicitis in our 
studies.':**% 

The recognition and proper treatment of endocerv- 
ical infection by C. trachomatis or N. gonorrhoeae is con- 
sidered important to prevent salpingitis and its se- 
quelae. Tetracycline, erythromycin, sulfatrimethoprim, 
and to a lesser degree ampicillin have been successfully 
used to treat cervicitis caused by these two organisms." 
However, previous treatment studies of cervicitis have 
left several issues unresolved. First, cure has been de- 
fined only by the eradication of C. trachomatis or 
N. gonorrhoeae. In men with nongonococcal urethritis, 
it has been conventional to demonstrate a reduction of 
clinical symptoms and urethral polymorphonuclear 
leukocytes as measures of therapeutic response. In con- 
trast, the effects of antibiotic therapy on mucopus 
per se or on cervical mucus polymorphonuclear leu- 
kocytes have not been previously assessed in women 
either among those who initially had C. trachomatis or 
N. gonorrhoeae or among those without these two or- 
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Fig. 4. Median number of polymorphonuclear leukocytes per 
x 1000 field in endocervical specimens with twenty-fifth and 
seventy-fifth percentiles obtained before treatment and 1, 2, 
and 3 months after treatment with doxycycline or amoxicillin 
(number indicates number of observations). 


ganisms. Second, long-term follow-up has not been 
used to study relapse or late recurrences. There is 
growing concern that conventional 1-week courses of 
therapy for chlamydial cervicitis may result in late re- 
currence that could persist for a prolonged time,'* ¥ 
causing ectopic pregnancy’ or chronic salpingitis.” A 
comparison of short-term versus long-term tetracycline 
therapy, with an extended follow-up of perhaps 6 to 
12 months, is required to further address the optimal 
duration of tetracycline therapy for cervical C. tracho- 
matis infection. 

We chose amoxicillin to compare with doxycycline in 
this study because both are generally well tolerated and 
commonly used to treat cervicitis. Also, it was possible 
that differential therapy could provide clues to the 
cause of cervicitis among women without C. trachomatis 
or N. gonorrhoeae. Both antibiotics were expected to 
eradicate N. gonorrhoeae at the time the study was con- 
ducted in Seattle. Although both antibiotics have been 
reported to cure genital C. trachomatis infections, amox- 
icillin is less active than doxycycline against C. tracho- 
matis in vitro,” and its use has been reported in relatively 
few women with C. trachomatis. Therefore we antici- 
pated a lower efficacy for amoxicillin than doxycycline 
in the treatment of cervical mucopus, particularly 
among women with chlamydial cervicitis. 

C. trachomatis was reisolated from two of 11 women 
treated with amoxicillin who were initially infected and 
from two of 15 women who were initially culture neg- 
ative for the organism. Although these results are not 
significantly different from the results with doxycycline 
therapy, the power to detect a difference in the treat- 
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ment of C. trachomatis between the two antibiotics is low 
in this study. The failure rate in the amoxicillin group 
would have to have been 40% higher than that in the 
doxycycline group for the difference to be statistically 
significant (at a power of 80% and significance level of 
5%), given the sample size and the C. trachomatis failure 
rate with doxycycline observed in this study. In a mouse 
model, amoxicillin has been more protective than am- 
picillin and oxytetracycline against intranasal C. tra- 
chomatis."* Amoxicillin, 750 mg, given three times daily 
for 7 or 10 days, eliminated C. trachomatis from the male 
urethra in previous small studies.'* * However, there 
is continuing concern. because low doses of amoxicillin 
have been less effective than other drugs for C. tra- 
chomatis infection in women." ” It has been further 
suggested that aminopenicillins may suppress C. tra- 
chomatis without killing the organism. Our results can- 
not definitively refute this notion, although C. tracho- 
matis reisolation was infrequent for as long as 3 months 
after amoxicillin therapy. The effectiveness of amoxi- 
cillin and tetracycline against C. trachomatis needs to be 
compared in a larger study. 

Since most women with mucopurulent cervicitis had 
neither C. trachomatis nor N. gonorrhoeae, it was of par- 
ticular interest to find that the inflammatory response 
in this group diminished with antibiotic therapy as 
judged by mucopus, cervicitis severity score, or cervical 
polymorphonuclear leukocyte change after therapy. 
The cause of cervicitis among women without cervical 
infection by N. gonorrhoeae or C. trachomatis is not 
known, although the possibility remains that such cases 
actually have chlamydia or gonorrhea that was not de- 
tected by the methods used. In one study U. urealyticum 
was the only organism that significantly correlated with 
cervicitis after adjusting for C. trachomatis.? U. urealyti- 
cum has also been associated with non-chlamydial 
urethritis in men.® Persistent or recurrent mucopuru- 
lent cervicitis was not associated with the reisolation of 
U. urealyticum in this study, but too few patients were 
treated to exclude this possibility with certainty. Per- 
sistent or recurrent mucopurulent cervicitis was also 
not related to the reisolation of M. hominis or G. vagi- 
nalis. It is possible that persistent mucopus was caused 
by other antibiotic-sensitive organisms not identified in 
this study. However, the isolation of any organism from 
cervical cultures (except N. gonorrhoeae or C. trachomatis) 
must be interpreted with caution because of high con- 
tamination rates of these cultures with vaginal organ- 
isms. The natural history of nonchlamydial, nongon- 
ococcal mucopurulent. cervicitis is uncertain, and it 
would be necessary to compare amoxicillin or doxy- 
cycline versus placebo to confirm conclusively the ap- 
parent effect of those antibiotics on the clinical course 
of this condition. 

Larger studies are needed to determine whether 
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the association between ectopy and mucopus among 
women with nonchlamydial, nongonococcal cervicitis 
represents an interaction between ectopy and an in- 
fectious agent or an independent effect of ectopy. It is 
possible that mucopus results rom an inflammatory 
reaction caused by columnar cell contact with vaginal 
environment factors other than an infectious agent in 
patients without C. trachomatis or N. gonorrhoeae, Nev- 
ertheless, the weak association tetween the persistence 
of mucopus and no treatment of male partners lends 
support to the concept that even cervicitis not caused 
by C. trachomatis or N. gonorrhoeae may be attributed to 
an infectious agent. Histopathclogic characteristics of 
cervicitis both before and after therapy may provide a 
better understanding of the causes of this important 
infection. More data are also required on the risk of 
women with noncklamydial, nongonococcal cervicitis 
for upper genital tract infection. 

Since many of the male sexual contacts of women 
with mucopurulent cervicitis had urethral infections, 
these data further support the Centers for Disease Con- 
trol recommendations for male partner examination 
and treatment.” This article includes only nonpregnant 
women, and the findings are not necessarily applicable 
to pregnant women, Further study is required of the 
origin, treatment, and complications of mucopurulent 
cervicitis during pregnancy. 


We thank Linda Cles and Judith Hale for perform- 
ing microbiologic studies, the staff of Seattle—King 
County Sexually Transmitted Disease Clinic (H. 
Hunter Handsfield, MD, Director), and Laurie Johnson 


‘for manuscript preparation. 


REFERENCES 


1. Brunham RC, Paavonen J, Stevens CE, et al. Mucopu- 
rulent cervicitis: the ignored ccunterpart of urethritis in 
men. N Engl J Med 1984;311:.-6. 

2. Paavonen J, Critchlow CW, DeRouen T, et al. Etiology of 
cervical inflammation. AM J OBSTET GYNECOL 1986; 
154:556-64. 

3. Rees E, Tait A, Hobson D, et al. Chlamydia in relation to 
cervical infection and pelvic inflammatory disease. In: 
Hobson D, Holmes KK, eds. Nongonococcal urethritis 
and related infections. Washington, DC: American Society 
for Microbiology, 1977:67-76. 

4. Westrom L. Incidence, prevalence, and trends of acute 

‘ pelvic inflammatory disease and its consequences in in- 
dustrialized countries. AM J OBSTET GYNECOL 1980;138: 
880-92. 

5. Kiviat NB, Paavonen J, Brockway J, et al. Cytologic man- 
ifestations of cervical and vaginal infections. I. Epithelial 
and inflammatory cellular changes. JAMA 1985;253:989- 
96. 

6. Paavonen J, Stevens CE, Wolrer-Hanssen P, et al. Col- 
poscopic manifestations of cerv-cal and vaginal infections. 
Obstet Gynecol Surv 1988;43:273-9. 

7. Kiviat NB, Paavcnen J, Wolner-Hanssen P, et al. Histo- 
logic manifestation of chlamycial cervicitis. In: Oriel D, 

- Ridgway G, Schachter J, Taylor-Robinson D, Ward M, eds. 
Chlamydial infections. London: Cambridge University 
Press, 1986:209-12. 

8. Bowie WR, Wang S-P, Alexander ER, et al. Etiology of 


Volume 161 
Number 1 


10. 


11. 


12. 
13. 


14. 


15. 


16. 


nongonococcal urethritis: evidence for Chlamydia tracho- 
mats and Ureaplasma urealyticum. J Clin Invest 1977; 
59:735-42. 


. Brunham RC, Kuo C-C; Stevens CE, Holmes KK. Ther- 


apy of cervical chlamydial infection. Ann Intern Med 
1982;97:97:2 16-9. 

Spiegel CA, Amsel R, Holmes KK. Diagnosis of bacterial 
vaginosis by direct Gram stain of vaginal fluid. J Clin 
Microbiol 1983;18:170-7. 

Fouts AC, Kratis JJ. Trichomonas vaginalis: reevaluation of 
its clinical presentatiori and laboratory diagnosis. J Infect 
Dis 1980;141:137-43. 

Cox DR. The analysis of binary data. Londen: Methuen, 
1970. i 

Sanders LL, Harrison HR, Washington AE. Treatment of 
sexually transmitted chlamydial infections. JAMA 1986; 
255:1750-6. ; 

Oriel JD. Chemotherapy. In: Oriel D, Ridgway G, Schach- 
ter J, Taylor-Robinson D, Ward’ M, eds. Chlamydial in- 
fections. Proceedings of the sixth international sympo- 
sium on human chlamydial infections. London: , Cam- 
bridge University Press, 1986: 513-23. 

Jones BR, Battéiger BE. Human immune response to 
Chlamydia trachomatis infections. In:. Oriel D. Ridgway G, 
Schachter J, Taylor-Robinson D, Ward M, eds. Chlamydial 
infections. Proceedings of the sixth international sym- 
posium on human chlamydial infections. London: Cam- 
bridge University Press, 1986:423-32. 

Brunham RC, Binns B, McDowell J, Paraskevas M. Chla- 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Treatment of mucopurulent cervicitis 135 


mydia trachomatis infection in- women with ectopic preg- 
nancy. Obstet Gynecol. 1096;67:722-6. . 
Henry-Suchet, Utzmiann C, DeBrux J, Ardoin P, Catelan 
F: Microbiologic study of chronic inflammation associated 
with tubal factor infertility: role of Chlamydia trachomatis. 
Fertil Steril 1987;47:274-7. 
Kramer MJ, Cleveland R, Grunberg E. Activity of oral 
amoxicillin, ampicillin, and oxytetracycline against infec- 
tions with Chlamydia trachomatis in mice. J Infect Dis 
1979; 139:717-9, 
Bowie WR, Alexander ER, Holmes KK. Eradication of 
Chlamydia trachomatis from the urethras of men with non- 
ponacora urethritis by treatment with amoxicillin. Sex 
rahsm Dis 1981;8:79-81. 
Csango PA, Gundersen T, Martinsen IM. Effect of amox- 
iali on simultakeous Chlamydia trachomatis infections in 
men with gonococcal urethritis: comparison of three dos- 
age regimens. Sex Transm Dis 1985;12:93-6. 
Bowie WR, Manzon LM, Borrie-Hiume GJ, Fawcett A, 
Jones HD. Efficacy of treatment regimens for lower uro- 
genital. Chlamydia trachomatis infection in women. Am J 
OBSTET GYNECOL 1982;142:125-9. 
Brunham RC, Kuo C-C, Stevens CE, et al. Treatment of 
concomitant Neisseria gonorrhoeae and Chlamydia trachoma- 
tis infections in women: comparison of trimethoprim- 
sulfamethoxazole with ampicillin and probenecid. Rev In- 
fect Dis 1982;4:491-9. ; l 
Chlamydia trachomatis infections: policy guidelines for pre- 
vention and control. MMWR 1985;34:53S-71S. 


Right ventricular dysfunction in human fetal compromise 


Juha Räsänen, MD, Pertti Kirkinen, MD, and Pentti Jouppila, MD 


Oulu, Finland 


Fetal M-mode echocardiography was performed in 13 pregnancies complicated by intrauterine distress. 
Absent end-diastolic blood velocity in the fetal descending aorta was documented by pulsed Doppler 
examinations. The right ventricular fractional shortening of these fetuses was decreased and the ratio of 
the right/left ventricular end-diastolic diameters was increased. The left ventricular size and myocardial 
contractility did not differ from normal pregnancy. These findings reveal that relative right ventricular heart 
dysfunction is associated with severe intrauterine distress. (AM J OssTeT GYNECOL 1989;161:136-40.) 


Key words: Fetal heart, echocardiography, Doppler 


Recent investigations with pulsed or continuous wave 
Doppler techniques have revealed that ‘chronic fetal 
distress is commonly associated with hemodynamic 
changes in fetal and umbilical blood circulation. The 
diastolic flow in the fetal descending aorta and in the 
umbilical artery is decreased, whereas the fetal intra- 
cranial arterial diastolic flow components appear to be 
increased.'* These changes are thought to reflect a re- 
distribution of fetal cardiac output to the most vital fetal 
organs, but the pathophysiologic mechanisms are not 
known. The purpose of our ‘study was to investigate 
fetal cardiac growth and myocardial function in con- 
ditions in which the fetus had developed a strongly 
abnormal blood flow pattern in connection with chronic 
intrauterine distress. 


Material and methods 


The study comprised 13 last-trimester_ pregnancies 
(pathologic pregnancy group) in which the Doppler 
velocity spectrum of the fetal descending thoracic aorta 
revealed that the end-diastolic blood velocity was de- 
creased to 0 (no forward flow above the filter level 
during the last %0 of the heart cycle). In this group, 
severe preeclampsia was diagnosed in nine cases and 
cesarean section was later performed in seven cases 
because of a pathologic fetal heart rate pattern. In 11 
cases, the birth weights of the newborns were < the 5th 
percentile, and in two cases, < the 10th percentile for 
normal pregnancies. The perinatal data of the material 
are presented in Table I. 

Echocardiographic examination of these fetuses was 
made within 14 days (6.8 + 5.6 days (mean + SD), 
range of 0 to 14 days) before delivery, with a General 
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Electric RT 3000 scanner with a 5 MHz sector probe. 
M-mode examination was done with a four-chamber 
view of the fetal heart by directing the M- mode level 
perpendicularly toward the interventricular septum at 
the level of the tips of the atrioventricular valves.” The 
end-systolic (ES) and end-diastolic (ED) diameters of 
the ventricles were recorded (from the endocardium 
to the interventricular septum) and the fractional 
shortenings of the ventricles were calculated [(ED — 
ES)/ED]. The mean circumferential shortenings of the 
ventricles, which allow the evaluation of the combined 
effect of fractional shortening with the duration of sys- 
tole, were also calculated [(ED ~ ES)/ED x duration 
of systole]. The ‘biventricular inner end-diastolic and 
end-systolic diameters (from endocardium to endocar- 
dium) were measured and the biventricular inner frac- 
tional change was calculated. The systolic period was 
restricted to the time when thz atrioventricular valves 
were closed on the M-mode screen. Five correctly im- 
aged consecutive heart cycles were analyzed and their 
mean values were used for further analysis. Heart 
growth was monitored by mezsuring the end-diastolic 
inner biventricular transversal diameter and inner end- 
diastolic transversal diameters of the ventricles. Bi- 
ventricular, left and right ventricular fractional, and 
mean circumferential shorterings ‘were calculated to 
assess the functional properties of the heart. 
Immediately after the M-mode recording, the blood 
flow in the fetal descending thoracic aorta was exam- 
ined with duplex pulsed Doppler equipment (Toshiba 
SAL-20, 3.5 MHz linear prcbe, and Pedof, 2 MHz 
probe, at a fixed 50-degree angle; 150 Hz filter)? 
Using the mean Doppler frequency shift, the time- 
averaged mean velocity, systolic peak velocity, end- 
diastolic velocity, pulsatility -ndex [(peak velocity — 
end-diastolic velocity)/mean velocity during the cycle], 
and volumetric fow (ml/min) were calculated? The 
flow parameters were based on registration of the mean 
blood velocity in the fetal descending thoracic aorta at 


Volume 161 


- Number | 


Table I. Perinatal data 
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Ultrasonographic 
examination 
(gestational 

week) 
















No. of cases 


Normal pregnancy 51 35 + 2.4 
Pathologic pregnancy 13 34 + 3.5 


Gestational age at 






delivery (wk) Birth weight (gm) Apgar scores (1 min) 
40 + 2.3 3232 + 668 8.8 + 0.55 


35 + 4.0* 1742 + 576* ; 7.4 + 1,58* 





All data represent mean + SD. 
*p < 0.0005. 


Table II. Myocardial contractility and right/left relationship of cardiac ventricles 





: | Normal pregnancy | Pathologic pregnancy 


Left ventricle 
Fractional shortening 
Circumferential shortening 
Right ventricle 
Fractional shortening 
Circumferential shortening 
Biventricular inner fractional change 
Right/left relation 
“Inner diastolic dimension 
Fractional shortening 
Circumferential shortening 





All data represent mean + SD. 
*p < 0.0005. 
tp < 0.05. 


intervals of 5.2 msec over 10 consecutive cycles. All 
measurements were made with the mother lying in a 
‘ left recumbent position. Cardiotocography was normal 
in all cases on the same day when examined by the 
above mentioned ultrasonographic methods. The base- 
line of the fetal heart rate varied between 120 and.160 
beats/min. 

A group of 51 women with normal pregnancies (nor- 
mal pregnancy group) was examined during the last 
trimester. There was no maternal history of diseases 
that predisposed the fetus to abnormal fetal growth in 

this group. Birth weights of these newborns were be- 
tween the 10th and 90th percentiles of normal weight 
curves. Doppler and echocardiographic examinations 
were made in these cases in connection with routine 
ultrasonographic controls, corresponding to the ex- 
aminations made in the pathologic cases. All of the 
control cases had continuous forward aortic blood flow 
over the whole of diastole. 

Comparison of the means and linear regression co- 
efficients was done by Student ż test; p < 0.05 was se- 
lected as the level of significance. 


Results 


Table II shows the comparison of the echocardio- 
graphic findings between the two groups. Pregnancies 
with absent end-diastolic blood velocities of the fetal 
aortic Doppler examinations showed decreased values 
of right ventricular fractional and mean circumferen- 


33.54% + 1.88% 33.44% + 2.67% 
1.87 + 0.15 1.36 + 0.14 
32.62% + 2.35% 28.78% + 1.97%* 
1.33 + 0.13 1.16 + 0.12+ 
26.90% + 2.26% 25.22% + 2.43% 
1.01 + 0.057 1.19 + 0,132* 
0.97 + 0.062 0.87 + 0.110* 
0.97 + 0.066 0.86 + 0.125* 





Table III, Results of the fetal aortic 
Doppler examinations 





Normal 
pregnancy . | Pathologic pregnancy 


Total blood flow 725.1 + 224.6 408.5 + 167.6" 
(ml/min) - . : 
Pulsatility index 2.07 + 0.44 3.33 + 0.77* 
Time-averaged 32.0 + 5.28 20.1 + 4,93* 
mean velocity 
(cm/sec) 
Time-averaged 79.0 + 14.2 63.1 + 15.3* 
peak velocity 
(cm/sec) 





All data represent mean + SD. 
+p < 0.0005. 


tial shortenings compared with normal pregnancies 
(p < 0.0005 for the means) whereas the left ventricular 
values remained normal. Correspondingly, the rela- 
tionships between the right ard left ventricular frac- 
tional and mean circumferential shortenings were de- 
creased from those in normal pregnancy (p < 0.0005 
for the means). Pregnancies with ‘abnormal blood flow 
showed increased right/left relationships of the inner 
end-diastolic dimension of the cardiac ventricles (p < 
0.0005 for the means). 

The results of the flow measurements in the fetal 
descending aorta are presented in Table III. The pul- 
satility index was increased in the group with abnormal 
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Fig. 1. Right/left ratio of ventricular inner end-diastolic dimensions plotted against corresponding 
pulsatility index in fetal descending thoracic aorta. @, Pathologic cases. Regression lines and 95% 
tolerance limits of both groups are presented. Significant difference between groups (p < 0.02). 


flow (p < 0.0005 for the means) compared with riormal 
pregnancies, whereas the blood velocities were de- 
creased (p < 0.0005 for the means). 

When the inner end-diastolic dimension of the right 
ventricle was plotted against the corresponding bipa- 
rietal diameter, the cases with abnormal flow pattern 
showed increased right ventricular dimensions com- 
pared with normal cases (p < 0.05 for linear regression 
slopes). In 11 of the 13 abnormal cases, the right ven- 
tricular inner end-diastolic dimension was >50th per- 
centile curve for normal fetuses. The left ventricular 
dimensions did not differ from those measured in the 
normal pregriancies. 

In the normal pregnancies, the physiologic variation 
of the pulsatility index did not affect the right/left ratio 
of the ventricular inner end-diastolic dimensions. The 
cases with absent end-diastolic blood Aow showed a sig- 
nificant increase in this ratio with increasing pulsatility 
index (Fig. 1; p < 0.02 for linear regression slopes). In 
fetuses with abnormal blood flow, the decrease in the 
blood velocities was associated with an increase in the 
right/left ratio of the ventricular inner end-diastolic 
dimensions compared with normal pregnancies (Fig. 
2; p < 0.03 for linear regression slopes). 


Comment 

Our knowledge of human fetal myocardial function 
in intrauterine distress has largely been based on the 
evaluation of heart frequencies and their changes. In 


addition, some investigations ty electrocardiography 
have been performed in cases of intrauterine dis- 
tress,’ 7 

The characteristics of cardiac growth and myocardial 
function in uncomplicated pregnancies have been in- 
vestigated by many authors.” * M-mode echocardiog- 
raphy has been accepted as a clinical tool for evaluation 
of suspected functional and structural disturbances of 
the fetal heart.'™? Recently much interest has been di- 
rected toward the use of continuous-wave and pulsed 
Doppler examination in obstetrics and the limitations 
and benefits of these techniques have been widely 
discussed .'*¥ 

In all our cases with an abnormal aortic blood flow 
pattern, the cause was chronic placental insufficiency, 
primarily as a result of maternal vascular disease. This 
resulted in severe fetal growth retardation and intra- 
uterine chronic distress. As commonly found with this 
type of intrauterine distress, these fetuses showed de- 
creased velocities and increased waveform indexes in 
the Doppler measurements of descending aortic blood 
flow. It has been demonstrated that low mean blood 
velocity in the fetal descending aorta is associated with 
fetal hypoxia, hypercapnea, acidosis, and hyperlac- 
temia. There have also been attempts to treat fetuses 
with intrauterine growth retardation by maternal oxy- 
gen therapy.’* Y In these conditions, the relationship 
between the systolic/diastolic flow components in- 
creases and a total block at end-diastole appears. On 
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Fig. 2. Right/left ratio of ventricular inner end-diastolic dimensions plotted against time-averaged 
mean blood velocity in descending thoracic aorta. @, Pathologic cases. Significant difference between 


groups (p < 0.03). 


the basis of this fact and the clinical outcome of our 
cases, we think that our cases represented severe in- 
trauterine compromise, despite the fact that none of 
the fetuses died in utero. i 

Our cases demonstrated that the fetal heart reacts 
in such conditions by showing both an increased 
right/left relationship in ventricular dimensions and 
decreased contractility of the right ventricular myocar- 
dium. Left ventricular function appeared to remain 
normal. This may be a sign of fetal effort to maintain 
adequate cerebral and myocardial circulation as far as 
possible, since most of the left ventricular cardiac out- 
put is directed to these organs. Thus relative right 
ventricular heart dysfunction of the fetus appears to 
develop. However, none of these cases had any signs 
of manifest decompensation such as ascites or edema. 
These fetal cardiac changes also seem to precede 
subsequent cardiotocographic abnormalities. DeVore’? 
demonstrated right/left ventricular disproportion in 
the fetuses with abdominal circumferences =2 SD be- 
low the mean. Pulmonary hypertension was thought to 
be the cause of the right ventricular dilatation. It has 
been shown that most of the right ventricular cardiac 
output is ejected to the descending aorta via the pul- 
monary artery and the ductus arteriosus.’ Thus it can 
be speculated that increased vascular resistance in the 
aorta could cause the dilatation of ductus arteriosus, 
pulmonary hypertension, and the changes in the right 
ventricular function. However, in our study we did not 
measure the transverse diameters of ductus arteriosus 
or pulmonary outflow tract. 


In our previous study of hypertensive pregnancies, 
right-sided fetal cardiac ventricular dilatation was 
found to be associated with increased fetal vascular re- 
sistance in the descending aorta.” Our series showed 
that if vascular resistance is very severe, with loss of the 
end-diastolic aortic flow components, right ventricular 
myocardial contractility is also impaired. 

We conclude that signs of increased peripheral vas- 
cular resistance in the fetal aorta in severe intrauterine 
distress seem to be connected with right ventricular 
dysfunction, without any evident disturbance of the left 
ventricle. However, these changes are very moderate 
with regard to clinical manifestations such as growth 
impairment and subsequent pathologic fetal heart rate 
patterns, which reflected the severity of fetal compro- 
mise in our material. This indicates that the human 
fetal heart has great functional reserves in chronic in- 
trauterine distress. 
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Preterm and term fetal cardiac and movement responses to 


vibratory acoustic stimulation 


Ronald L. Thomas, MD, Timothy R. B. Johnson, MD, Richard E. Besinger, MD, 
Deedra Rafkin, RN, Catharine Treanor, RN, and Donna Strobino, PhD 


Baltimore, Maryland 


To assess fetal response to vibratory acoustic stimulation, 24 preterm (group A; <36 weeks’ gestation) 
and 30 term (group B; =36 weeks’ gestation) pregnancies were studied. Study variables were perceived 
fetal movement, fetal heart rate, and fetal heart rate pattern. Observer- and patient-perceived fetal 
movement responses were noted in most cases but were slightly more common in term patients (group A: 
+fetal movement, patient 87.5%/observer 87.5%) group B: +fetal movement, patient 96.7%/observer 
90%). Baseline changes in fetal heart rate (=10 beats/min) were observed in 46% of preterm fetuses and 
70% of term fetuses. Tachycardia (fetal heart rate > 160 beats/min) was a common finding in both groups. 
In group A, tachycardia after vibratory acoustic stimulation persisted more than 1 minute in 29.2% and 
more than 5 minutes in 12.5% of patients. In group B tachycardia beyond 1 and 5 minutes was noted in 
73.3% and 50% of patients, respectively. A significant shift to “awake” fetal heart rate patterns occurred in 
both groups; 29% to 79% was noted in group A {p < 0.001) and 46.7% to 90% in group B (p < 0.001). 
When vibratory acoustic stimulation was used, the high occurrence of increased baseline, tachycardia, and 
emergence of unusual fetal heart rate patterns must be recognized to adequately interpret fetal heart rate 


tracings. (AM J Osstet GYNECOL 1989;161:141-5.) 


Key words: Vibratory acoustic stimulation, fetal behavior 


Observations on fetal response to external sound 
stimuli were first reported in the 1920s.'* The concept 
of vibration/auditory. interaction with the fetus was 
slowly rediscovered in the 1960s, 1970s, and 1980s. A 
number of recent studies** indicate that fetal acoustic 
stimulation has applicability in the evaluation of non- 
reactive nonstress tests. However, Gagnon et al.’ 
showed evidence of alteration in fetal heart rate (FHR) 
and FHR patterns after vibratory acoustic stimulation 
in studying term gestations (36 to 40 weeks). Before 
the introduction of this technique into routine use at 
our facility, we conducted a pilot study to assess the 
effects of vibratory acoustic stimulation on FHR trac- 
ings and maternal and observer perceptions of fetal 
movements. A second concern was whether there was 
a differential effect of vibratory acoustic stimulation for 
term and preterm fetuses. 


Material and methods 
Fifty-four patients, including high-risk patients re- 
ferred for nonstress testing (NST), contraction stress 
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Table I. Indications for referral 


Preterm fetuses Term fetuses 
Indications for testing (%) (%) 


IUGR 12.5 23.3 
Hypertensive disease 25 13.3 
Renal disease. 8.3 0 
Decreased movement 8.3 6.7 
Diabetes 25 20 
Bleeding hydram- 16.7 20 


nios, lupus, Rh im- 
munization, H/O 
loss, cardiac dis- 
ease, miscellaneous 
Postdates 0 20 


IUGR, intrauterine growth retardation; H/O, history of. 


testing, or biophysical profiles, were studied. Each pa- 
tient in the study was studied on only a single occasion. 
Because of previous work by Nijhuis et al.® suggesting 
development of organized fetal behavioral states at ap- 
proximately 36 weeks, this gestation was chosen as the 
pivot point for our two groups. Study patients other- 
wise had routine and reassuring testing. A breakdown 
of referral indications is found in Table I. 

Patients were selected from referrals to the Fetal As- 
sessment Center over an 8-week period. Patient en- 
rollment was based on scheduling load and the avail- 
ability of additional monitoring time. Regardless of the 
indication for referral, all patients had an NST per- 
formed in standard fashion during the assessment. Five 
continuous minutes of monitoring were performed for 
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Table II. Definitions for FHR patterns 
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behavioral state Neonatal 


Neonatal! fetal Gross 
description 


1/1F Quiet Regular respirations, 
sleep non-REM seep 
2/2F Active REM sleep; irregu- 
sleep lar respirations, 
activity nondis- 
criminatory 
3/3F Quiet Regular respirations, 
awake no gross activity 
4/4F Active Physically active, 
awake irregular res- 
pirations 
5/ Crying Same as (4) with 


crying 


See reference 9. 
REM, Rapid eye movement. 


each fetus before the application of vibratory acoustic 
stimulation. Stimulation of the fetuses was performed 
with an artificial larynx (Model 5-C; Western Electric), 
The instrument was applied to the fetal vertex, as iden- 
tified by the Leopold maneuver, and two 2-second 
pulses of sound, which were separated by 30 seconds, 
were administered. Monitoring was continued on all 
patients until the FHR recorded had returned to the 
original baseline rate. 

We measured FHR and FHR pattern before and af- 
ter the vibratory acoustic stimulation using Hewlett- 
Packard fetal monitor Model HP 3040A. Fetal tachy- 
cardia was recorded if the FHR persisted above a rate 
of 160 beats/min for at least 1 minute; duration of 
tachycardia was also recorded. Definitions for FHR pat- 
terns were those described by Nijhuis et al.* and Martin? 
and appear in Table II. Patterns were categorized ac- 
cording to the criteria most clearly met by the tracing 
in the 5 minutes before and the 5 minutes immediately 
after acoustic stimulation. 

In evaluating FHR patterns, we were interested in 
shifts that occurred from those patterns typically re- 
corded in term fetuses (=36 weeks) with sleep and 
awake states. Table II outlines the definitions and trac- 
ings of four FHR patterns used in our study and their 
association with “sleep” and “awake” states. FHR pat- 
terns do not form part of a defined behavioral state 


Regular respirations 
(if present), rare 


FHR pattern 


(A) Variability <10 
beat/min; isolated 


gross movements accelerations 
nondiscriminatory associated with 
movements 


Eye movements; 
irregular respira- 
tions (if pre- 
sent); small move- 
ments; gross 
movements non- 
discriminatory 

Eye movements; 
regular respira- 
tions (if pres- 
ent); no gross 
movements 

Eye movements; 
Irregular res- 
pirations (if pres- 
ent); gross move- 
ments and small 
movements 


(B) Frequent 10 to 
20 accelerations 
(not inherent to 
pattern); vari- 
ability 10-20 
beats/min 


(C) No accelerations; 
rate oscillates 
more regularly 
than (B) 


(D) “Unstable” FHR 
with variability up 
to 25 beats/min; 
accelerations of 
25-30 beats/min; 
occasional sus- 
tained “tachy- 
cardia” 


before 36 weeks; nonetheless, induced changes are 
observed. 

Maternal and observer perceptions of fetal move- 
ments after vibratory acoustic stimulation were also re- 
corded. Maternal perception of fetal movement was 
recorded as positive if the patient noted an immediate 
and obvious fetal kick or movement within 10 seconds 
of the stimulus. Observer perception of movement was 
recorded as positive if a definite sudden movement was 
palpated by a hand placed on the uterine fundus. Fetal 


‘movement was recorded as positive if movement was 


felt after either of the two sequential stimulations. The 
x’ test for independence was used to compare differ- 
ences in the percentage of fetuses with tachycardia with 
those with a given heart rate pattern. The analysis was 
performed separately for term and preterm groups. 
Small numbers did not permit age and parity compar- 
isons. 


Results 


The gestational ages in group A ranged from 26.9 
weeks to 35.9 weeks, with a mean of 32.9 weeks. In 
group B fetuses ranged in gestational age from 36 
weeks to 42.7 weeks, with a mean of 38.9 weeks. In 
response to vibratory acoustic stimulation, 19 (79.2%) 
of the preterm fetuses showed some increase in FHR, 
with an average rise of 16 beats/min. Eleven of 24 
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Fig. 1. Preterm and term tachycardiac responses to vibratory acoustic stimulation and their duration. 


Table III. Data breakdown in study groups 


Gestational age range (wk) 26763576 36-4275 

Gestational age (mean + 1 SD) 32.9 + 2.2 38.9 + 2.0 
(wk) 

Patient-perceived movement (87.5) (96.7) NS 
with VAS (%) 

Observer-perceived movement (87.5) (90) NS 
with VAS (%) p< .05 

Mean increase in FHR baseline 12.3 + 9.5 16.2 + 10.6 NS 
with VAS + 1 SD 
(beats/min) 

Baseline increases of 10 46 70 
beats/min above baseline (%) 

Tachycardia > min (%) 29.2 73.3 p < 0.0001 

Tachycardia = 5 min (%) 12.5 50 p < 0.001 





VAS, Vibratory acoustic stimulation. 


(46%) preterm fetuses had a rise in FHR of more than 
10 beats/min. A decrease in FHR was noted in one 
case. Among term fetuses, 26 of 30 (86.7%) fetuses 
showed an increase in FHR in response to acoustic stim- 
ulation; the mean rise was 16.9 beats/min. The increase 
in FHR in 21 of 30 infants was more than 10 
beats/min (70%). Again, one fetus showed a decrease 
in FHR in response to vibratory acoustic stimulation. 
Among the preterm infants, seven of 24 (29.2%) fe- 
tuses had tachycardia lasting for at least 1 minute, and 
three (12.5%) had more than 5 minutes of tachycardia. 
In term fetuses, at least 1 minute of tachycardia was 
found in 22 of 30 fetuses (73.3%) and persisted for 
more than 5 minutes in 15 fetuses (50%) (Table IID. 
The pattern of persisting tachycardia is seen in Fig. 1. 


Figs. 2 and 3 demonstrate shifts in FHR patterns 
before and after vibratory acoustic stimulation for pre- 
term and term fetuses, respectively. In preterm fetuses 
there was a significant shift from “sleep” patterns (FHR 
patterns A and B) to “awake” patterns (FHR patterns 
C and D). Before acoustic stimulation, 20% of fetuses 
in the preterm group had either FHR pattern C or D. 
The percentage increased markedly to 79% after vi- 
bratory acoustic stimulation. FHR patterns C and D 
were more commonly identified in term fetuses, but 
nonetheless, there was a significant shift in fetuses not’ 
already exhibiting one of the two “awake” patterns, 
from 46.7% to 90% after vibratory acoustic stimulation. 

No difference was noted in fetal movements as per- 
ceived by an observer from those perceived by the pa- 
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Fig. 2. FHR patterns in preterm fetuses before (FHR pattern ‘A, 37.5%; FHR pattern B, 33.3%; 
FHR pattern C, 29.2%) and after vibratory acoustic stimulation (FHR pattern A, 8.3%; FHR pattern 
B, 12.5%; FHR pattern C, 54.2%; FHR pattern D, 25%). i 


GROUP B 


FHR PATTERNS BEFORE 
ACOUSTIC STIMULATION. 





FHR PATTERNS AFTER 
ACOUSTIC STIMULATION 


Fig. 3. FHR patterns in term fetuses before (FHR pattern A, 20%; FHR pattern B, 33.3%; FHR 
pattern C, 36.7%; FHR pattern D, 10%) and after vibratory acoustic stimulation (FHR pattern A, 
3.3%; FHR pattern B, 6.7%; FHR pattern C, 43.3%; FHR pattern D, 46.7%). 


tient. Only rarely was there a discordance noted in per- 
ception. In the term group the patient more commonly 
perceived fetal movement (96.7% versus 90%, p< 
0.05) than the observer. Perception of movement was 
slightly more common in term fetuses. l 


Comment 

Significant changes in baseline FHR have been noted 
after vibratory acoustic stimulation. The changes in 
baseline were as common in group A as in group B. 
This is contrary to the lack of baseline change reported 
by Gagnon ët al." (30 to 42 weeks). Observed tachy- 
cardia probably does not represent stress but a physi- 
ologic response to a nonphysiologic stimulus, vibratory 
acoustic stimulation. The tachycardia raises theoretic 
concerns that the severely compromised fetus might be 
further compromised by vibratory acoustic stimulation. 
Also, since “tachycardia” has been reported as an om- 


inous sign by several investigators," "° its occurrence 


after vibratory acoustic stimulation without other com- 
plicating factors needs to be recognized as not being 
prognostically important. It also appears from our data 
that the FHR changes reported in term fetuses also 
occur in preterm fetuses. This implies that these 
changes may be independent of behavioral states that 


- do not form before approximately 36 weeks. These 


findings confirm those previously reported by Gagnon 
et al.” E ' Te 

. The shifts noted in FHR patterns, particularly from 
FHR pattern A to B, C, and D may explain the obser- 
vations that we and others** have noted of a decrease 
in nonreactive NSTs with vibratory acoustic stimulation 
applications. Baséline rate increase and tachycardia are 
also common responses. Vibratory acoustic stimulation 
during antepartum fetal testing has become popular 
during the past decade. Preliminary work shows it to 
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be efficacious and cost-effective. Thus far, antepartum 
vibratory acoustic stimulation has been limited in ap- 
plication to its influences on the NST. The physiologic 
mechanism of fetal response has not been delineated, 
but it is theorized that there may be an alteration in 
fetal behavioral state in response to vibratory acoustic 
stimulation. 

Previous studies reported by Nijhuis et al.* have de- 
tailed behavioral studies in neonates and term and pre- 
term fetuses. Their work reports organized behavioral 
States existing at 36 weeks; individual parameters of 
these states, such as FHR patterns, although not states, 
are definable before 36 weeks’ gestation. Nevertheless, 
these patterns may be concordant with associated be- 
havioral states in the term fetus and neonate (see Table 
II). Transitional patterns are found as shifts from one 
pattern to another occur. A computer-based analysis of 
FHR patterns has shown that a good correlation with 
individual visual classification exists. In the normal 
fetus (and neonate), most of the time is spent in FHR 
patterns A and B. These patterns (at 36’ weeks and 
beyond) are associated with sleep (nonrapid eye move- 
ment and rapid eye movement), and although | FHR 
accelerations occur with movement in all states, ‘they 
are less frequent during sleep. Gagnon et al” hy- 
pothesize that the changes seen with vibratory acoustic 
stimulation, such as in antepartum fetal monitoring, 
may be a reflection of state change in the fetus. 

` There is an obvious fetal movement/startle response 
with vibratory acoustic stimulation. Ultrasonography 
has been used to document fetal “startle” responses to 
vibratory acoustic: stimulation.'* Given the high pro- 
portion of cases in which the patient and observer per- 
ceived nearly immediate response recognition, ultra- 
sound documentation may be superfluous. This’ re- 
sponse in and of itself may provide a rapid assessment 
of gross fetal compromise. Westgren et al. have re- 
cently reported on a series of patients to correlate fetal 
movement response with a reactive NST and show a 
sensitivity of 100%. There are also significant alter- 
ations in FHR pattern with vibratory acoustic stimu- 
lation including “tachycardia,” which may be pro- 
longed. Caution must be taken before universal appli- 
cation of this nonphysiologic stimulus. Whether the 
development of tachycardia or FHR pattern Cor Dis 
equivalent to a “reactive NST” is presently not known. 
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Furthermore, whether perception of fetal movement 
in response to vibratory acoustic stimulation is equiv- 
alent to a reactive NST is also unknown. More detailed 
study is needed to better understand the highly unusual 
FHR responses that occur with vibratory acoustic stim- 
ulation. Application of non-FHR observations may pro- 
vide additional tools to assess the fetus at risk for 
in utero compromise. 
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Effect of physician characteristics on the cesarean birth rate 


Gertrud S. Berkowitz, PhD, Gale S. Fiarman, MD,’ Michael A. Mojica, MD," 
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The rising cesarean birth rate has become of increasing concern to the obstetric profession and the public. 
There is a general consensus that the major obstetric indications responsible for the rising rate are 
dystocia, fetal distress, breech presentation, and previous cesarean delivery. However, the role of 
sociologic or nonmedical factors has not been established. This retrospective study examines the effect of 
the physician’s age, experience, gender, and practice setting (solo versus group practice) on the 
cesarean birth rate. The analysis is based on 6327 private deliveries performed by 48 attending 
obstetrician/gyrecologists at a New York City Hospital from January 1983 through December 1985. 
Although no significant differences were found according to the gender or practice setting of the 
physicians, older, fore experienced physicians performed significantly fewer cesarean sections for 
dystocia and a higher percentage of forceps deliveries and breech extractions. These results suggest that 
physician characteristics may affect the type of delivery that is performed. (Am J OBSTET GYNECOL 


1989;161:146-9.) 


Key words: Cesarean birth rate, forceps deliveries, physican characteristics 


The cesarean birth rate in the United States has in- 
- creased from 5.5% in 1970 to 22.7% in 1985.' This 
dramatic rise in the incidence of cesarean sections has 


caused concern both in the obstetric profession and the | 


general public.” * There is general agreement that the 
most important obstetric indications responsible for this 
increase are dystocia, breech presentation, fetal dis- 
tress, and previous cesarean delivery.” The underlying 
reasons behind the changing incidence and indications 
cannot be readily documented, but several factors have 
been suggested, including the relative safety of cesar- 
ean births for the mother and fetus, improved prog- 
nosis of low birth weight infants, increased proportions 
of nulliparous and older mothers, higher proportions 
of deliveries performed by obstetricians as opposed to 
general practitioners, improved third-party payment, 
and fear of malpractice suits.’ , 
Variations in rates by geographic region and type and 
size of hospital have also been noted. The highest ce- 
sarean delivery rates have been recorded in the North- 
east, teaching hospitals, and hospitals of 500 beds or 
more.*® In addition, private patients have been found 
to be more likely to undergo cesarean sections than 
their service or health maintenance organization’ 
counterparts. Although these data do much to empha- 
size the role of nonmedical factors, little is known about 
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the influence of physician characteristics on the cesar- 
ean birth rate. The purpose of this article is to examine 
how physician age, experience, gender, and practice 
setting affect the clinical decision to perform a cesarean 
section at one New York City hospital. 


Material and methods 


A total of 10,461 deliveries were performed at the 
Mount Sinai Hospital in New York City between Jan- 
uary 1983 and December 1985. Private patients rep- 
resented 63% of the deliveries, and clinic patients ac- 
counted for 37% of the deliveries. The overall cesarean 
birth rate for this period was 21.8%, which is compa- 
rable with that of the Northeast United States.’ The 
cesarean rate was higher for private patients (24.0%) 
than for clinic patients (18.2%. 

To reduce the number of factors that might influence 
the cesarean birth rate, this study was limited to deliv- 
eries of private patients. Excluded from the 54 physi- 
cians who delivered private patients were four full-time 
attending physicians who’ managed only high-risk pa- 
tients and two physicians who snared the same surname 
and who were not consistently :dentified in the delivery 
log book. The remaining 48 physicians constituted the 
study population and accounted for 6327 deliveries 
during the study period. The great majority of private 
patients were white, married, over the age of 25 years, 
had some college education, and used third-party in- 
surance payment. — 

The data were obtained from a delivery log book. 
The information abstracted comprised the primary 
physician. responsible for the delivery, the mode of de- 
livery, and the stated indicaticn for each cesarean sec- 
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Table I. Description of physician characteristics 
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Mean yr of 
Characteristic No. % Mean age + SD experience + SD 
Male : 37 77.1 49.4 + 11.2% 18.5 + 11.5* 
Female 11 22.9 34.6 + 4.3 3.3 + 2.8 
Solo 23 47.9 49.6 + 12.7% 18.0 + 13.8 
Group 25 52.1 42.3 + 9.7 12.2 + 9.7 
Total 48 100.0 46.0 + 11.9 15.0 + 12.1 

*p < 0.05. 


tion. Indications for cesarean sections were classified as 
dystocia, fetal distress, breech, repeat or “other.” The 
term dystocia included both failure to progress and 
cephalopelvic disproportion. The category of “other” 
included mostly herpes, placenta previa, placental 
abruption, prematurity, and previous uterine surgery. 
When multiple indications were present, the model de- 
rived by Anderson and Lomas’? was used to determine 
the primary indication. Those cesarean sections without 
clear indications (approximately 10%) were cross- 
referenced with discharge summaries available in the 
Mount Sinai Hospital Department of Medical Records. 

Data on the physicians’ characteristics included gen- 
der, date of birth, residency program, date of comple- 
tion of residency program, and whether the physician 
was in a solo or group practice. Age was calculated in 
years as of July 1984, the midpoint of the study period. 
Experience was defined as the number of years from 
the completion of an Obstetrics and Gynecology resi- 
dency program to the midpoint of the study period. 
The influence of place of residency was not assessed, 
since 70.8% of the physicians studied were trained at 
Mount Sinai Hospital and an additional 12.5% trained 
at other teaching institutions in New York City. 

The cesarean birth rate was defined as the percentage 
of total deliveries that were performed by cesarean sec- 
tion. The primary cesarean birth rate was expressed as 
the percentage of total deliveries, which represented 
cesearean sections for an indication other than repeat 
sections. Operative vaginal delivery rate was defined as 
the percentage of all deliveries that used forceps or 
were breech extractions. Overall operative delivery rate 
was defined as the percentage of total deliveries that 
used forceps, were breech extractions, or required ce- 
sarean sections. Finally, the four major indications for 
cesarean section were analyzed as a percentage of total 
cesarean sections. 

All rates were based on the 48 physicians as the units 
of analysis. Student ¢ test and the Pearson product- 
moment correlation coefficient were used for statistical 
evaluation. Where appropriate, nonparametric analysis 
with Wilcoxon rank sum test and Spearman’s rank cor- 
relation coefficient was also performed. The level of 
significance was selected as p = 0.05. Computations 
were performed by the CLINFO statistical package at 


Table II. Distribution of deliveries according 
to delivery mode and cesarean indication 








Delivery mode No. % 
Vaginal 
NSVD 3265 67.6* 
Low forceps 1404 29.1 
Mid forceps 100 2.1 
Breech 57 1.2 
Cesarean 
Dystocia 417 27.87 
Repeat 373 24.8 
fetal distress 207 13.8 
Breech 197 13.1 
Other 307 20.5 
Total vaginal 4826 76.3 
‘Total cesarean 1501 23.7 
Total deliveries 6327 100.0 


NSVD, Normal spontaneous vagir.al delivery. 
* Percentage of vaginal deliveries. 
t Percentage of cesarean deliveries. 


the Mount Sinai Hospital Deportment of Biomathe- 
matical Sciences, 


Results 


Table I describes the characteristics of the 48 study 
physicians. Thirty-seven (77.1%) of the physicians were 
men and 11 (22.9%) were women. The male physicians 
were significantly older and more experienced than the 
female physicians. About half (52.1%) of all physicians 
participated in group practices. Those in solo practice 
were significantly older and slightly more experienced 
than those in group practices. 

The 6327 deliveries performed by the 48 physicians 
during 1983 to 1985 are summarized in Table II. The 
cesarean birth rate was 23.7% with dystocia (27.8%) as 
the most common indication, followed by repeat sec- 
tions (24.8%), fetal distress (13.8%), and breech pre- 
sentations (13.1%). The indications for the remain- 
ing 20.5% of the cesarean sections were classified as 
“other.” The primary cesarean section rate was 17.8% 
and the operative vaginal delivery rate was 24.7%. 

Physician age did not correlate significantly with the 
cesarean section rate (r = 0.06), the primary cesarean 
section rate (r = 0.07), or the percentage of cesarean 
sections performed for repeat (r = 0.18), breech (7 = 
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Table III. Operative delivery rates according to physician’s gender 




















Male (N = 37) ` Female (N = 11) 
Variable mean rate (%) SD mean rate (%) SD p Value 

Cesarean sections 23.7 8.8 21.6 9.5 0.49 
Primary cesarean sections 18.0 7.2 17.9 7.4 0.96 
Operative vaginal deliveries 26.5 13.7 22.7 10.0 0.71 
Overall operative deliveries i 50.2 13.8 44.3 lh 0.20 
Cesarean section by indication 

Dystocia 27.0 17.2 35.0 14.8 0.26 

Repeat : 22.6 13.5 15.9 11.3 0.46 

Breech 12.1 7.0 10.0 13.6 0.48 

Fetal distress 14.0 10.8 18.5 15.1 0.66 

* Percentage of cesarean deliveries. 
Table IV. Operative delivery rates according to practice setting 
Solo (N = 23) Group (N = 25) 
Variable mean rate (%) SD mean. rate (%) SD p Value 

Cesarean. sections - 24.6 98 ` 22.0 7.9 0.56 
Primary cesarean sections 19.4 7.5 16.7 6.7 0.20 
Operative vaginal deliveries 25.7 16.5 25.6 9.0 0.70 
Overall operative deliveries 50.2 16.4 47.6 10.0 0.50 
Cesarean section by indication 

Dystocia 27.7* 21,3 29.8 11.8 0.63 

Repeat 18.1 13.2 23.8 12.9 0.27 

Breech 8.8 7.6 14.2 9.2 0.44 

Fetal distress 16.1 16.1 14.0 6.1 0.78 





* Percentage of cesarean deliveries. 


0.04), or fetal distress (r = 0.06). A significant negative 
correlation was found between age and the percentage 
of cesarean sections performed for dystocia (r = 
— 0.38; p = 0.008).The operative vaginal delivery rate 
increased significantly with age (r = 0.43; p = 0.002). 
The overall operative delivery rate was also positively 
correlated with age (r = 0.46; p = 0.001). Similar re- 
sults were obtained when assessing the effect of years 
of experience, since age and years of experience were 
highly correlated (r = 0.90; p = 0.0001). Reanalysis of 
these variables with Spearman’s rank correlation test 
did not alter the results. 

As shown in Table III, male physicians tended to 
have slightly higher operative delivery rates and a lower 
proportion of cesarean sections for dystocia than did 
female physicians, but none of the comparisons were 
statistically significant. With respect to practice setting 
(Table IV), there was some suggestion that physicians 
in solo practice had higher primary cesarean section 
rates than those in group practice. However, no sig- 
nificant associations were observed between overall op- 
erative delivery rates and solo versus group practice. 


Comment 


Although no overall associations could be found be- 
tween specific physician characteristics and cesarean 
section rates, physician’s age and experience were pos- 
itively correlated with higher operative vaginal delivery 


rates and negatively related tc the percentage of ce- 
sarean sections for dystocia. Age and experience were 
highly correlated, and individual effects could not be 
separated. 

Increasing age and experience are two physician 
characteristics that may simply represent differences in 
management based on techniques acquired in training 
at a time when forceps and breech extraction deliveries 
were more commonly performed. Since more cesarean 
sections are being performed today for breech presen- 
tations or as an alternative to a difficult vaginal delivery, 
residents in training or younger physicians have not 
been exposed to as many operative vaginal techniques 
as their senior counterparts.* 

Other physician characteristics that were examined 
included gender and practice setting. Gender was not 
found to be statistically associated with any of the op- 
erative delivery rates, although male physicians were 
both older and more experienced. There was some 
suggestion that male physicians had a higher operative 
delivery rate and a lower rate of cesarean sections per- 
formed for dystocia. The relatively small sample size, 
particularly of female physicians, may account for the 
lack of significant ndings. Further study is warranted 
in the future when more women will have completed 
training programs. 

Similarly, no significant effect of practice environ- 
ment could be delineated. Since solo practitioners 
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tended to have a higher primary cesarean section rate 
than group practitioners, it is possible that significant 
differences would be obtained with a larger sample size. 
Nevertheless, the absolute differences in operative rates 
for physicians in solo as opposed to group practices 
were small. Although solo practitioners are probably 
more subject to the pressures of time constraints and 
fatigue than those in group practice, there is no con- 
vincing evidence that the “convenience factor” plays an 
important role in cesarean birth rates. Evans et al.° and 
Fraser et al.'° concluded that physician convenience 
may have influenced the timing of “nonacute” or dys- 
tocia cesarean sections, but Phillips et al.’ found no 
difference in the distribution of nonelective cesarean 
section indications between weekends and weekdays. 
Carpenter et al.’ found lower overall cesarean rates 
and lower dystocia cesarean rates if physicians shared 
night call with at least two other colleagues. However, 
payment differential between vaginal and cesarean de- 
livery, average annual deliveries per practice, and in 
contrast to our study, number of years since training 
were not correlated with cesarean rates. 

The effect of the medicolegal climate on individual 
physicians and their operative rates is difficult to assess. 
If frustration or fear of litigation can affect the decision 
of whether to practice," then it can be postulated to 
affect the decision of how to practice. Nevertheless, in 
the study by Carpenter et al.'* physicians with a recent 
threat of a malpractice suit had lower cesarean rates 
than those who had not recently experienced medical 
liability. 

Other physician characteristics that might potentially 
influence operative rates that deserve study include 
personality, fund of knowledge, and previous poor 
perinatal outcomes. The effect of the patient’s risk sta- 
tus on operative delivery rates also needs to be consid- 
ered in future studies. 

What can be done to lower operative rates without 
sacrificing perinatal morbidity? Wennberg found that 
feedback from professional committees could reduce 
variation in operative rates caused by physician char- 
acteristics. Porreco” and O'Driscoll and Foley'® have 
shown that institutional standardization of clinical pol- 
icy can decrease the cesarean birth rate without com- 
promising favorable perinatal mortality rates. Other 
recommendations to reduce the effects of physician 
characteristics on perinatal decision-making include 
mandatory second-opinion consultation before sur- 
gery, the institution of peer-review panels, and physi- 
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cian continuing education programs. Since this study 
examined physician characteristics and operative rates 
in a fairly homogeneous study population, other cen- 
ters could evaluate physicians with more diverse train- 
ing backgrounds and varied physician characteristics. 


This investigation was undertaken as partial fulfill- 
ment of the clerkship requirement in Community 
Medicine while Gale S. Fiarman and Michael H. Mojica 
were third-year students at Mount Sinai School of 
Medicine. 
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Two previously unreported cases are presented in which court-ordered cesarean sections were considered 
appropriate by physicians. An analysis of the factors that compel physicians to deem court-ardered 
intervention appropriate is presented. When the significance of a third-trimester fetal death or a lifetime 
physical or mental disability is balanced against the demand to uphold maternal autonomy al all costs, the 
recognized ethical principles of beneficence, nonmaleficence, justice, obstetric contract keeping, and acting - 
in the patients’ best interests combine, in rare situations, to override concerns for individual maternal 
autonomy and justify court-ordered intervention. (Am J OBsteT GYNECOL 1989;161:150-4.) 
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The following case presentations represent previ- 
ously unreported situations in which court-ordered ce- 
sarean sections were considered appropriate by phy- 
sicians. They are actual accounts of patient care dilem- 
mas in which court orders were considered or obtained. 
In these situations, multiple coercive/pleading argu- 
ments were presented to the patients, and lengthy de- 
liberations were made before court orders were sought. 
An analysis of the factors that compel physicians to 
deem court-ordered intervention appropriate in these 
instances follows the case presentations. 


Case reports 


Case No. 1. In 1975 a 27-year-old, unmarried, white 
woman, gravida 1, para 0, was first seen at Planned 
Parenthood where she requested pregnancy termina- 
tion. Because of her advanced gestation, approximately 
30 to 34 weeks, she was advised that pregnancy ter- 
mination was not possible. However, because she had 
a blood pressure of 180/110, she was immediately 
transferred to a tertiary care hospital. At the time of 
admission, the patient was noted to have similar blood 
pressures, along with other findings suggestive of se- 
vere preeclampsia. In the hospital she again asked that 
an abortion be performed. She was initially managed 
with bed rest; however, the following morning a deci- 
sion was made to induce labor. 
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Cervical dilatation was 2 to 3 cm. Her mentation and 
affect were appropriate. An intravenous infusion of 
magnesium sulfate was started. External fetal moni- 
toring demonstrated spontaneous rhythmic uterine ac- 
tivity with late decelerations. Membranes were rup- 
tured artificially and internal fetal monitors were 
placed. Internal monitoring confirmed loss of baseline 
variability and moderate-to-severe late decelerations. A 
scalp pH was performed and ‘was 7.09. The patient 
agreed to these medical procedures without objections. 

The patient was advised that there was fetal distress 
and that she should be delivered immediately by ce- 
sarean section. She refused the operation, stating that 
she did not want the baby. Despite repeated requests 
from house officers, staff, and nursing personnel, the 
patient continued to refuse surgical delivery. Oxytocin 
augmentation was begun in the hope that a vaginal 
delivery could be accomplished. During this time the 
fetal heart rate tracing continued to deteriorate, show- 
ing severe late decelerations, absent variability, and pro- 
longed episodes of bradycardia. A sister of the patient, 
who was located by telephone, came to the hospital, 
and attempted to convince the patient that a surgical 
delivery was needed. 

Two and one-half hours after the first scalp pH, a 
second scalp pH was reported was 6.71. Labor contin- 
ued. Finally, a stillborn female infant, weighing 2140 
gm, was delivered spontaneously. 

After the patient's initial refusal of the cesarean de- 
livery, the hospital attorney was contacted. The attor- 
ney spoke with three local judges, each of whom re- 
fused to hear the case. 

Post partum the patient commented that she felt the 
staff had disapproved of her refusal of cesarean section 
for fetal indications. Although the hypertension and 
proteinuria had not resolved, she signed out of the 
hospital on the third postpartum day against medical 
advice. 
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Case 2. A 24-year-old, nonindigent, white woman, 
gravida 1, para 0, was admitted at 34 weeks’ gestation 
dilated 2 to 3 cm with ruptured membranes and fre- 
quent contractions. The patient had left another hos- 
pital against medical advice because a cesarean section 
was recommended. She had hypertension (blood pres- 
sure 160/110), 3+ edema, and 3+ proteinuria. Elec- 
tronic fetal monitoring showed absent variability, per- 
sistent late decelerations, and intermittent episodes of 
severe bradycardia. Heavy meconium was noted. The 
patient-again refused all initial recommendations for 
cesarean section. She appeared almost noncommuni- 
cative, with a flat affect, and was unwilling to discuss 
her decision. Her mother was contacted and said that 
the patient had appeared very depressed and’ with- 
drawn for a couple of weeks and that the mother was 
also unable to communicate with her. The patient al- 
lowed fetal scalp pH determinations to be done. The 
first showed a pH of 7.10. A second scalp pH, per- 
formed an hour later, was 6.96. Even with these indi- 
cations of fetal distress, the patient would not agree to 
cesarean section. After a total of 4 hours of pleading, 
a juvenile court judge was contacted’ directly by the 
attending obstetrician and a court order was obtained 
to proceed with cesarean section. The patient remained 
uncooperative, 

‘The patient was eas restrained while general 
anesthesia was induced. A cesarean section was then 
performed, which resulted in the delivery of a 4-pound 
male infant with Apgar scores of 2 at 1 minute, 5 at 5 
minutes, and 7 at 10 minutes. The operation was other- 
wise uncomplicated, as was the mother’s postoperative 
course. The infant initially suffered from seizures but 
stabilized within 48 hours arid did well thereafter. 

Postpartum the patient requested custody of her in- 
fant and indicated that she understood in retrospect 
that surgery had been i necessary. She has been followed 
closely by social service agencies and appears to be func- 
tioning appropriately i in relation to her infant. At 1 year 
of age, the infant appears developmentally within the 
normal range. . 


Comment 

A number of articles have recently appeared in op- 
position to obstetric intervention of any kind without 
maternal ‘consent and especially to court-ordered ce- 
sarean section for fetal benefit when maternal consent 
is not obtained. ki Several. arguments have been pre- 
sented to justify such opposition to court-mandated ob- 
stetric management. Individual patient situations have 
revealed errors in physicians’ clinical assessments, re- 
sulting in the pursuit of court orders for intervention 
that appeared unnecessary in retrospect.*’ Other au- 
thors have emphasized respect for the principles of 
bodily integrity, privacy, and autonomy that are valued 
as near absolutes in our society." The right of competent 
adults to refuse medical therapy of any kind is also 
noted.’ 
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Others have proposed that the fetus is the property 


-of the mother who should have the sole right of 


decision-making in any obstetric question.” This is con- 
sistent with literature that states that any consideration 
of fetal rights is philosophically nonjustifiable.” 

General agreement exists that extensive seeking of 
court opinions to force women to comply with non- 
emergent medical care is unwarranted. Many fear that 
opening the door to forced cesarean sections will en- 
courage mandated behavior on the part of pregnant 
women in general and that such forced interventions 
could have a negative effect on maternal participation 
in prenatal and intrapartum care." 

The Committee on Bioethics of the American Col- 
lege of Obstetricians and ‘Gynecologists has recently 
stated: The use of courts to resolve these conflicts is 
almost never warranted... obstetricians should re- 
frain from performing procedures that are unwanted 
by a pregnant woman." Even the strength of this state- 
ment in its opposition to forced obstetric intervention 


-has been criticized by some, who object to the word 


“almost” in this sentence. 

Although the authors concur in general with these 
concerns against court-ordered intervention and the 
opinion of the American College of Obstetricians and 
Gynecologists Bioethics Committee, it is their belief that 
there are rare circumstances in which court-ordered 
intervention on behalf of the third-trimester fetus is 
warranted. An analysis of the patient management sit- 
uations in this article gives some rationale for the re- 
luctance of many obstetricians to condemn court- 
ordered intervention in all situations. 

Certain standard arguments in maternal-fetal con- 
flicts have not been helpful to physicians, including 
relying on legal arguments and reasoning with false 
analogies. Many physicians prefer to rely on prior court 
decisions or federal or state legislation as guides to med- 
ical decision-making in an era of concern for malprac- 
tice liability. However, in the particular problem of 
maternal-fetal conflict, a reliance on the law as a guide 
to medical decision- -making i is not helpful. Case law and 
statutes that have established a doctrine of informed 
consent in our society would appear to support any 
consenting adult’s right to refuse medical treatment." 
However, multiple court decisions since Ree v Wade” 
have emphasized societal concern for the well- -being of 
the viable third-trimester fetus. Case precedents show 
that the fetus has some rights of well-being in preg- 
nancy for which damages might later be sought,’ a 
right of inheritance that may legally be pursued after 
birth, and the legal status of personhood in some nar- 
rowly worded decisions." In practical terms, physicians 
who seek to practice defensive medicine realize very 
quickly that they may be held liable for their decision 
to treat a patient against her will in the third trimester 
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or for a decision to agree to nontreatment that then 
leads to either death of a third-trimester fetus or birth 
of a severely handicapped newborn.'® Therefore those 
who suggest a decision-making model that is protective 
for the physician in a legal sense offer no guidance i in 
the area of maternal-fetal conflict. 

Second, arguments for and against intervention have 
been based on equating the maternal-fetal relationship 
with other familial relationships. Some have argued 
that the maternal-fetal relationship is analogous to a 
parent-child relationship and that any maternal action 
that brings harm to the third-trimester fetüs constitutes 
child abuse or neglect. In contradistinction, others 
have tried to equate maternal-fetal concerns with those 
of siblings, one of whom needs a bone marrow trans- 
plant. Since society has not forced one sibling to un- 
dergo minor surgery for bone marrow or organ trans- 
plantation to help the other sibling, they reason that 
gestational mothers should not be compelled to aid the 
third-trimester fetus. Without: undue discussion, it 
may simply be stated that neither of these situations 
may be equated to the extreme interdependency of the 
mother and fetus in the third trimester when the life 
of both parties is dependent on the medical condition 
of the other. Therefore in extreme situations obstetri- 
cians may be faced with difficult decisions in which they 
must weigh numerous concerns involving both mother 
and fetus. 

Although case No. 1 occurred before emergency 
court-ordered interventions had been reported, the 
similarities in these two cases allow a single analysis of 
the ethical priorities of the physicians involved in both 
cases. i 

(a) In both cases, there was no question diat fetal 
distress existed ahd that fetal death or severe brain 
damage to the newborn would occur without surgical 
intervention. Therefore in this instance, erroneous 
clinical judgment, cannot be considered a factor that 
would speak against oo of court-ordered inter- 
vention. 

(b) Oftentimes in cases of maternal-fetal conflict, 
there is reason to pursue court-ordered: intervention 
for the physical well-being of both mother and fetus. 
This is true in cases of central placenta previa or gross 
fetal pelvic disproportion in which delivery of a healthy 
fetus by cesarean section is only one reason to pursue 
a cesarean section, since attempted vaginal delivery 
might also result in severe physical harm and even 
death to the mother. In the cases presented here, ex- 
pedient delivery was indicated in each situation for se- 
vere preeclampsia. However, in both of these cases, 
cesarean section was sought primarily for fetal benefit 
because of the presence of fetal distress. ` 

(c) In neither of the cases presented here was there 
a prolonged physician-patient relationship at the re- 
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ferral hospital where delivery occurred. Neither patient 
had attended prenatal care‘clinics in the hospital sys- 
tem, and consequently, neither patient had been able 
to discuss her- ‘concerns about medical intervention in 
pregnancy before admission for labor and delivery. 

_ An analysis of.the ethical concerns of the physicians 
who sought court-ordered i intervention in each of these 
cases reveals four distinct areas of reasoning. 

(1) There i is concern for the innate value of fetal life 
in the third trimester that motivates forced intervention 
on rare occasions based on the principle of beneficence. 
There has been a general consensus explained most 
distinctly in the language of Roz v Wade, that society 
shares a protective concern for the viable third- 
trimester fetus.” Arguments based on theologic tenets 
and moral philosophy amplify at least this degree of 
concern. for the fetus.’ Regardless of the source of 
one’s opinion of ‘ postviability fetal value, physicians 
have traditionally been reluctant to-perform in a fash- 
ion that ignores the value of fetal life at term. Such a 
respect for fetal life was described in a policy statement 
published by the American College of Obstetricians and 
Gynecologists in 1977. A portion of that statement 
sought to explain the concept of fetal value, which is 
especially pertinent to discussions of the third- trimester 
fetus. 

Since the status of the fetus involves widely di- 
vergent theological and philosophical opinions in 
a ‘pluralistic society, unanimity should not be ex- 
pected: However, there appears to be a greater 
agreement on this matter than some physician 
statements suggest. This agreement is to be found 
in a general consensus in at least two main areas: 

1) without going at length into the basis of the 
difference, the fetus has a qualitatively different 
nature and value from that of other human tis- 
sues or organs and 2) this value derives, at least 
in part, from its potential for developing into an 
obvious member of the human family. The valué 
of the fetus is thus related to that placed ori all 
human beings. It is therefore not possible fully 
to dissociate fetal life from human life so as to 
disvalue the oné without posing some measure of 
threat, however subtle, to the value of the other.” 


(2) The unique relationship of mother and fetus, 
especially in the third trimester, makes the physician- 
patient obligation a motivating factor in obstetric 
decision-making. The obstetriciar: has long recognized 
the presence of two pateints to whom the physician is 
obligated in the third trimester. Advances in perina- 
tology have emphasized electronic, ultrasonographic, 
and biochemical fetal surveillance techniques that iden- 
tify the viable fetus as a patient for whom the obste- 
trician cares.” Contemporary ethical theories of con- 
tractualism recognize that uniquely dual obligations in- 
herent to the obstetric contract between physician and 
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patient exist once a woman allows her pregnancy to 
progress to a point of fetal viability or near-term ges- 
tation.” Even authors who oppose court-ordered in- 
tervention admit the unique maternal-fetal contractual 
approach to obstetric decision-making: No other dual 
patient relationship approximates the total interdepen- 
dence of mother and fetus at term gestation. Therefore 
those who propose that therapy always be directed to- 
ward the patient's (or patients’ in this situation) best 
interests are compelled to take both mother and fetus 
into consideration during the third trimester. 

(3) The physician must assess the reasonableness and 
rationality of patient demands. Ready acquiéscence to 
the demands of a patient possibly suffering from an 
affective disorder, such as in case No. 2, would be prob- 
lematic for any physician who viewed her request as 
being irrational. Patient requests for termination of vi- 
able fetal life (not just,an end to pregnancy), as that 
reported in case 1, may be viewed as being unreason- 
able by physicians and many others in society.” As 
noted by Veatch,” a demand for reasonableness is es- 
sential to adequate medical decision-making in our so- 
ciety. In the face of requests that appear so opposed to 
societal norms, physicians may feel compelled to seek 
to overrule a patient’s demands -with court-ordered in- 
tervention. Failure to intervene, as in case 1, results in 
an unacceptable loss of fetal life at term and a profound 
dissatisfaction among the health care team with the care 
provided. In casé 2, after delivery the mother requested 
to keep her newborn baby and indicated after the fact 
an understanding of the intervention needed for her 
baby to survive. 

(4) The potentially permanent damage to a fellow 
person born disabled as a result of aberrant in utero 
decision-making is a heavy burden for physicians, so- 
ciety as a whole, the family, and especially the newborn 
potentially subjected to a lifetime of suffering. Physi- 
cians who favor a “burdens v benefit” ratio approach 
to these types of medical decision-making dilemmas are 
extremely concerned about nonintervention when such 
a result is possible. In such a direct medical manage- 
ment approach, or a burdens versus benefits approach, 
cesarean section would be selected when the risk of 
nonintervention is seen as excessively high (resulting 
in either fetal death or newborn disability) and the risk 
of maternal morbidity/ mortality sufficiently low to jus- 
tify surgical intervention.” The Committee on Bioeth- 
ics of the American Academy of Pediatrics has recently 
published a statement on maternal-fetal conflict that 
supports this very premise.” In keeping with this 
model, some physicians feel compelled to intervene be- 
cause of the history and tradition of principles empha- 
sized by long-standing codes of medical ethics, such as 
the Hippocratic Oath, that encourage beneficence and 
nonmaleficence in physician actions.” The very real 
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chance that lifelong physical or mental impairment of 
a newborn could develop from nonintervention creates 
concerns about both individual and distributive justice, 
as well as economic utility. á 

We oppose seeking court-ordered intervention ex- 
cept in the most unusual and atypical of situations. 
Because of a deep respect for maternal autonomy, such 
times should be exceedingly rare. For example, court 
intervention has been sought in less than one case per 
10,000 deliveries at the two institutions involved in 
these cases. However, even in an era when autonomy, 
individual rights and privacy have achieved a high 
priority in contemporary ethical theory, the maternal- 
fetal conflicts discussed demand a balancing emphasis 
on the obligations found in the concepts of community, 
commitment, family life, and childbearing that others 
have shown to limit the absoluteness of autonomy.” 
Only total denial of fetal value and sole concern for 
maternal autonomy will ever justify complete prohi- 
bition of court-approved medical intervention to assist 
a third-trimester fetus against maternal wishes in all 
situations. ie 

The cases in this article represent unusual instances 
in which physicians felt compelled to seek court- 
ordered intervention for the many reasons mentioned. 
Such compelling situations are rare, Physician aware- 
ness of these dilemmas can frequently prevent such 
situations. However, even if prenatal discussions of 
such issues become routine for all patients, there will 
continue to be an occasional Situation that must be man- 
aged individually, with methods that may include court- 
ordered intervention, to provide medically reasonable 
and ethically acceptable obstetric care. As shown by 


these cases, the rare instance occurs in which reasonable 


certainty of in utero death or newborn disability is 
present for a term fetus without surgical intervention, 
reasonable expectation is present for the surgery to 
result in the birth of a live newborn with a good prog- 
nosis, and maternal refusal of surgery all coexist. When 
the significance of a third-trimester fetal death. or a 
lifetime of permanent physical or mental disability is 
balanced against the demand to uphold maternal au- 
tonomy at all costs, the recognized ethical principles of 
beneficence; non-maleficence, justice, obstetric contract 
keeping, and acting in the patients’ best interests com- 
bine in rare situations to challenge and override con- 
cerns for individual maternal autonomy. 
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Removing a retained placenta by oxytocin—A 


controlled study 
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No increase in maternal plasma oxytocin concentration was detected after administration of 100 IU 
oxytocin into the umbilical veins of seven women immediately after delivery. The delivery of the placenta 
was accelerated after umbilical vein injection of 100 IU oxytocin in a placebo-controlled study of 40 
women: 12 minutes {4 to 40) in the oxytocin group versus 40 minutes (29 to 40) in the placebo group 
(median and interquartile ranges), p < 0.05. (Am J OBSTET GYNECOL 1989;161:155-6.) 
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In 1983 Golan et al.'! published a new method for 
removal of a retained placenta by injecting 100 IU of 
oxytocin into the vein of the umbilical cord. The work 
of Golan et al. was an open study and the originally 
published dose of 100 IU of oxytocin was later cor- 
rected to 10 IU. This dose was ineffective in a later 
published study.” We have studied oxytocin concentra- 
tion in the maternal circulation after a bolus injection 
of 100 IU of oxytocin into the vein of the umbilical 
cord and performed a prospective, double-blind, ran- 
domized trial that was based on that dose. 


Material and methods 


Design and participants. To study the passage of 
oxytocin across the placenta, 10 ml of oxytocin (Syn- 
tocinon, 10 IU/ml, Sandoz, Basel, Switzerland) diluted 
in 20 ml of 0.9% sodium chloride was injected into the 
umbilical vein immediately after delivery in seven pa- 
tients. Blood samples from the laboring women were 
collected before the injection and without intervals con- 
secutively until delivery of the placenta. 

Oxytocin and placebo ampules were supplied by San- 
doz A/S, Denmark. 

In the second part of the study 40 consecutive la- 
boring women with a retained placenta were random- 
ized to injection of either 10 ml oxytocin (10 IU/ml) 
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mixed with 20 ml of 0.9% sodium chloride or 30 ml of 
sodium chloride into the vein of the umbilical cord. 
The placenta was regarded as retained if it was not 
expelled within 20 minutes after delivery of the infant, 
applying intermittent traction on the umbilical cord 
and light suprapubic pressure. All deliveries were vag- 
inal, either spontaneously or by vacuum extraction. 
Methylergotamine, 0.2 mg, was given intramuscularly 
at delivery of the first shoulder. 

The two groups were comparable with regard to age, 
gestational age, parity, former retained placenta, oxy- 
tocin augmentation in labor, duration of labor, number 
of vacuum extractions, sex, and weight of the infant 
(p > 0.05). 

Blood pressure, pulse rate, and blood loss were 
noted, both before and after the injection. Heavy bleed- 
ing that demanded immediate removal of the placenta 
was the only criterion for exclusion. If the placenta was 
not delivered within 40 minutes after the injection, it 
was removed manually with the patient under general 
anesthesia. 

Informed consent was obtained from all patients. 
The study was approved by the local ethics committee. 
In the first part of the study oxytocin in the maternal 
blood was measured by radioimmunoassay after ace- 
tone extraction and intensive purification. 

Statistics. Wilcoxon matched-pairs rank-sum test was 
used to evaluate the open part of the study. The Mann- 
Whitney two-sample rank-sum test was used to evaluate 
the controlled portion of the study. Differences result- 
ing in p < 0.05 were considered significant. 


Results 

Oxytocin concentration in maternal blood did not 
increase significantly at any time from the time of in- 
traumbilical injection of the 100 IU of oxytocin to the 


156 Wilken-Jensen et al. 


delivery of the placenta in any of the seven patients in 
the open portion of the study. The median concentra- 
tion after injection was 11 (range, 7 to 19) U/ml. The 


median time passed from injection to delivery of the. 


placenta was 5 minutes (range, | to 7). 
In the controlled portion of the study, 19 women 


received the placebo injection and 18 women received - 


oxytocin. The time from injection until the placenta 
was delivered was significantly shorter in the oxytocin- 
treated group than in the control group: 12 minutes 
(range, 4 to 40) versus 40 minutes (range, 29 to 40) 
(median and interquartile range, p < 0.05). Five pa- 
tients in the oxytocin group and 11 in the control group 
had the placenta removed manually. In the oxytocin 
group hemorrhage was 330 ml compared with 370 ml 
in the control group; this difference was not significant. 
No differences in blood pressure or pulse rate werz 
observed. 


Comment 


Because of concerns of side effects after 100 IU of 
oxytocin was injected into the umbilical vein, we mea- 
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sured the maternal concentration of oxytocin in seven 

patients and found no significant increase. To our 

knowledge no other studies are available for compar- 

ison. Previous studies of the effect of intraumbilical _ 
oxytocin on a retained placenta have not been double- 

blinded, the dose of oxytocin has only been 10 IU, or 

the injection has been given only 5 minutes after de- 

livery. 

Our study appears to demonstrate that a 100 IU 
injection of oxytocin into the umbilical cord for the 
delivery of a retained placenta is safe and has a high 
success rate. 
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The use of transvaginal ultrasonography in the diagnosis of 


ectopic pregnancy 
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Despite advances in diagnosis made by the introduction of serum B-subunit of human chorionic 
gonadotropin determinations and transabdominal ultrasonography, ectopic gestations still present a major 
diagnostic challenge. The increased resolution of the transvaginally introduced high-frequency ultrasound 
transducer probes seems to solve this diagnostic problem. In this study 145 patients were referred for 
ultrasonographic workup because of a suspected ectopic gestation. in 38 patients a diagnosis could be 
made with classical transabdominal scanning. One hundred seventeen patients required additional 
transvaginal scanning with a 5.0 and a 6.5 MHz probe. In 98 patients a diagnosis was made during the 
first transvaginal scan; nine patients were rescanned within 3 days for the final diagnosis. In 56 patients, 
ectopic pregnancy was successfully ruled out by transvaginal scanning. Thirty-nine ectopic pregnancies 
were diagnosed. Only one false-positive identification was made. The sensitivity of diagnosing ectopic 
pregnancy by high-frequency transvaginal sonography was 100%; the specificity was 98.2%. The positive 
predictive value of this method was 98%, and the negative predictive value was 100%. The rate of the 
beating fetal heart was seen in the tube (23%). The high number of unruptured tubal pregnancies in this 
series (66%) suggests the possibility of an early diagnosis that may have therapeutic implications. The use 
of higher-frequency transvaginal transducer probes improves the diagnosis of the ectopic gestation. (Am J 


OssteT GYNECOL 1989;161:157-61.) 


Key words: Pregnancy, ectopic pregnancy, ultrasonographic studies, transvaginal 


ultrasonography, endovaginal ultrasonography 


Ectopic pregnancy remains a major clinical diagnostic 
challenge. The combined use of transabdominal son- 
ography and serum B-sub unit of human chorionic go- 
nadotropin (B-hCG) determinations has resulted in a 
relatively high accuracy (70% to 95%) in predicting 
ectopic pregnancy.'* The gestational age at which this 
“accuracy” of diagnosis is reached and the ratio of rup- 
tured versus unruptured fallopian tubes is seldom re- 
ported. In 1980 Levi and Lebliq’ reported a false- 
positive rate of 3% to 30% (mean 16%) and a false- 
negative rate of 2% to 35% (mean 5%) in making the 
correct diagnosis of ectopic gestation with transabdom- 
inal sonography. Romero et al.‘ used the “discrimina- 
tory B-hCG* level to predict the presence or the absence 
of ectopic pregnancy. By using the definition of the 
“discriminatory B-hCG” level, the absence of a nor- 
mal intrauterine gestational sac with a titer of 6500 
mIU/ml had a sensitivity of 100% and a specificity of 
96%. The positive and negative predictive values in 
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establishing the diagnosis of ectopic pregnancy were 
86% and 100%, respectively. However, in most reports 
the specificity and the sensitivity for making the correct 
diagnosis of ectopic pregnancy by transabdominal son- 
ography were 97% and 77% to 88%, respectively." 

The introduction of transvaginal transducer probes, 
particularly those with scanning frequencies as high as 
7.0 MHz, presents a new opportunity to review pelvic 
organ morphologic features.*” The high resolution of 
the picture enables the sonographer to focus on the 
fallopian tube. Attention has been directed to the early 
and reliable imaging of tubal gestations."*"' 

The purpose of this study was to determine the ef- 
fectiveness of transvaginal sonography in the manage- 
ment of ectopic pregnancy to make an early diagnosis. 
Both are a result of the technique of producing high- 
resolution pictures of the pelvic organs involved. 


Material and methods 


One hundred forty-five patients were referred for 
ultrasonographic examination over l-year period (be- 
ginning in March 1987) because of suspected ectopic 
pregnancy. In 38 patients an unequivocal diagnosis was 
reached with transabdominal sonography. In 117 cases 
in which a definite ultrasonographic diagnosis could 
not be reached by transabdominal sonography, im- 
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ctions (a,b, and d) anda longitudinal section (c) of a thick-walled tube, containing 
The echogenic “tubal ring” is outstanding in the adnexa. This was a 7-week-old, 


unruptured tubal gestation with no fetal heartbeats at the time of the scanning, 


mediate additional scanning was performed via the 
transvaginal route. A serum B-hCG test was performed 
in all patients. In most cases the test results were known 
by the sonographers. The transabdominal sonography 
and transvaginal sonography were performed by dif- 
ferent persons. 

The equipment used in the study included a General 
Electric 3000 scanner to which a 5.0 MHz 90-degree 
fixed-angle phased-array vaginal probe was attached; 
an Elscint ESI-1000 scanner with a variable angle, 6.5 
MHz mechanical sector scanner transvaginal probe was 
used. After coupling gel was applied to the tip of the 
probe, it was inserted into one of the digits of a surgical 
rubber glove. The detailed scanning technique has 
been described in earlier reports.” 

A tubal gestation was diagnosed if the uterus did not 
show signs of a normal or abnormal pregnancy and one 
or more of the following structures were observed: (1) 
a gestational sac or a yolk sac, or both, or fetal heart- 
beats within a thickened “tubal ring” (Fig. 1); (2) free 
pelvic fluid containing particulate matter (.e., blood) 
with or without a coexisting thickened tube or parts of 
it (sometimes discrete blood clots could be seen and 
diagnosed). A positive result of the qualitative or quan- 
titative serum B-hCG pregnancy test indicated that a 
pregnancy was present. In a minority of cases, the result 
of the pregnancy test was still pending at the time of 
the scan. 


The outcomes of surgical procedures such as lapa- 
roscopy, laparotomy, curettage, culdocentesis, or clin- 
ical follow-up were recorded. 


Results 

In 38 of the 145 patients referred for ultrasono- 
graphic studies, the conclusive diagnosis of intrauterine 
pregnancy (normal or abnormal) or ectopic pregnancy 
could be made by transabdominal scanning. This group 
is referred to as the fransabdominal sonography group. In 
37 patients the diagnosis was made on the basis of the 
detection or absence of fetal heartbeat, indicating a 
normal or abnormal intrauterine gestation. In one ad- 
ditional patient, a tubal gestation was diagnosed when 
the fetal heartbeat was clearly visible outside the uterine 
cavity. Therefore, these 38 patients did not require ad- 
ditional transvaginal imaging. In the remaining 117 
patients, the transabdominal sonography showed in- 
direct ultrasonographic signs of an “empty uterus,” 
“adnexal masses,” or “free fluid” but was not conclusive 
enough to warrant an unequivocally positive or nega- 
tive diagnosis of ectopic pregnancy. These patients had 
immediate transvaginal sonography. This group is re- 
ferred to as the transvaginal sonography group. Two 
subgroups, categorized by the results, were created and 
are defined below. 

Subgroup 1. In 98 of the 117 vaginally scanned pa- 
uents a final diagnosis could be reached at the time of 
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Table I. Results of scanning 114 patients for suspected ectopic pregnancy 









No ectopic pregnancy 37 


Normal intrauterine pregnancy 
Abnormal intrauterine pregnancy 
Not pregnant 





Total 37 
Ectopic pregnancy l 
Unruptured tubal ectopic 
pregnancy 


Ruptured tubal ectopic preg- 
nancy/tubal abortion 
Ovarian ectopic pregnancy 
“Chronic” ectopic pregnancy 
False-positive ectopic pregnancy 
Subtotal 
TOTAL 


zll 







Transabdominal 
sonography 






T ransvaginal sanogr aphy 












Subgroup 1 Subgroup 2 


37 

28 3 31 
10 2 12 
u 2 13 
49 7 93 
I 

27 2 29 
16 0 16 
1 0 1 
4 ü 4 
Jk 0 sal 
98 9 145 





the first scan. No ectopic pregnancy was found in 49 
of these 98 patients. A live intrauterine pregnancy was 
visible in 28 patients, and an abnormal gestation (no 
heartbeats) was found in 10. In the remaining 11 pa- 
tients other pelvic pathologic conditions were found. 
In these patients the pending serum B-hCG level was 
obtained after the completion of the vaginal scan, ex- 
cluding the presence of any pregnancy. The reasons 
for not excluding these patients from the study are 
discussed in the Comment section. All but one of the 


normal intrauterine gestations had a menstrual age of 


<7 weeks; one patient had a 9¥-week intrauterine 
pregnancy but her extreme obesity prevented transab- 
dominal sonography from making this diagnosis. 

Ectopic pregnancy was diagnosed in 49 of the 98 
patients. Four patients with distinct “tubal rings,” a min- 
imal amount of free pelvic fluid, and no visible fetal 
heartbeats were followed up until serially determined 
serum B-hCG dropped to nonpregnant levels and 
transvaginal sonography failed to image the previously 
present tubal pathologic condition. Forty-five of these 
49 patients underwent laparotomy. In 43, tubal ectopic 
pregnancy was found. One patient had a ruptured 
ovarian pregnancy. In one patient no ectopic preg- 
nancy was found. This last patient had a previous ec- 
topic pregnancy and was first seen with an extremely 
tender adnexal mass. She had a positive urine preg- 
nancy test in the emergency room. The transabdominal 
sonography showed an adnexal mass. A “tubal ring” 
was diagnosed by transvaginal sonography. Some blood 
was also seen. Because of the clinical signs of an acute 
lower abdominal disease, she was taken to the operating 
room before the serum B-hCG result was obtained. The 
next day the serum B-hCG titer was reported to be 
below pregnancy levels. Further review of the films 
revealed that the corpus luteum was misinterpreted for 
a “tubal ring.” 


Subgroup 2. Nine of the 117 vaginally scanned pa- 
tients were rescanned within 3 days because the initial 
scan was not conclusive. No ultrasonographic or clinical 
signs of impending danger existed in these patients; 
therefore a subsequent scan was planned within 3 days. 
After rescanning the following results were found: 
tubal gestation without heartbeats (confirmed at sure 


gery) in two patients, a very early normal intrauterine 


pregnancy in three patients, and an abnormal gestation. a 
in two patients. Two additional patients in this group 
had a corpus luteum cyst with no pregnancy. Although 
this group consisted of only nine patients, it seemed to 
pose the most problems for the ultrasonographers. The S 
scanning time was almost double the approximate 
mean scanning time (23 minutes) of the previous 
groups. Because neither ectopic pregnancy nor intra- 
uterine pregnancy could be visualized, the report relied 
heavily on the result of the quantitative serum B-hCG 
test, which often was unavailable at the time of the scan. 
Thirty-three of the 50 true ectopic pregnancies diag- 
nosed by transvaginal sonography were unruptured 
(66%). In 17 patients a ruptured tube or a tubal abor- 
tion was found (34%). In 11 of the 50 ectopic preg- 
nancies that were correctly diagnosed in this series, fetal 
heartbeats were detected (22%). In 18 cases, various 
amounts of blood were aspirated from the pelvis; in 
two patients the amount of blood exceeded 200 mi. 
The results of scanning are presented in Table I. 

The statistical analysis regarding the diagnostic pre- 
cision of the 117 vaginally scanned patients had the 
following results: No false-negative but one false- 
positive identification was made. Therefore the diag- 
nostic sensitivity was 100%, whereas the specificity was 
98.2%. The positive and negative predictive values 
were 98% and 100%, respectively. When all 145 pa- 
tients in the group referred for ectopic pregnancy 
workup were analyzed, the specificity of the combined 
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transabdominal sonography and transvaginal sonog- 
raphy diagnostic procedures rose to 98.9%, and their 
positive predictive value increased to 98.1%, 


Comment 


Because of their physical properties, the 5.0 and the 
6.5 MHz transducer probes produce images with 
higher resolution. The “unobstructed view” of the pel- 
vic organs as a result of the vaginally introduced probe 
becomes obvious to the ultrasonographer early in the 
experience with this technique. The increased accuracy 
of transvaginal sonography in the diagnosis of ectopic 
pregnancy is the result of a combination of two com- 
ponents: first, its effective use in the diagnosis of the 
early intrauterine pregnancy, and second, its capability 
for imaging the abnormal (and sometimes the normal) 
fallopian tube. When transvaginal sonography is com- 
pared with transabdominal sonography, the normal in- 
trauterine pregnancy, early embryonic structures, and 
the abnormal pregnancy may be detected about 1 week 
earlier with transvaginal sonography." A normal 41⁄4- 
week intrauterine pregnancy is consistently detected by 
transvaginal sonography.” 

One effective way to rule out ectopic pregnancy is 
by diagnosing an intrauterine pregnancy. Every ultra- 
sonography laboratory should be aware of its own “dis- 
criminatory 8-hCG zone” at which a certain transducer 
probe detects the earliest normal intrauterine preg- 
nancy. This term, introduced by Kadar et al. is now 
widely used but has to be determined in each ultraso- 
nography laboratory for each of the different trans- 
ducers. 

Discriminatory B-hCG zones for vaginal probes are 
now being reported by authors.'* As mentioned before, 
these zones should be determined for each vaginal 
probe and for each laboratory. 

Despite the fact that the “discriminatory zone” for 
our probes was determined, we elected not to use them 
because occasionally only the qualitative B-hCG result 
was available. The only criterion regarding this labo- 
ratory test was whether it was indicative of a pregnancy. 

The second component of the diagnostic algorithm 
is the direct examination of the fallopian tube.” The 
normal tube may be seen by transvaginal sonography 
if fluid surrounds it. If fluid is detected in the pouch 
of Douglas, every effort should be made to image the 
tube. When the tubal lumen is filled with fluid, a ges- 
tational sac, or a blood clot, imaging is easier. The “ad- 
nexal mass” detected with transabdominal sonography 
may be better evaluated with the higher resolution vag- 
inal probe, and the diagnosis of “adnexal ring” can now 
be replaced with the more specific term “tubal ring.” 

The fact that fetal heartbeats were seen in 22% of 
the cases in this series, compared with the 5% to 10% 
detection by transabdominal sonography,’ supports the 
assumption that transvaginal sonography provides the 
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opportunity for detecting ectopic pregnancy at an ear- 
lier stage when tubal abortion or even tubal rupture 
has not yet occurred. The ratio of unruptured to rup- 
tured tubal gestations and tubal abortions in this series 
(66% to 34%) at the time of the diagnosis adds addi- 
tional support to the fact that the correct diagnosis is 
made at a relatively early stage when the gestational sac 
is still intact. The review of the literature supports the 
fact that with the improvement of the diagnosis over 
time, the percentage of intact tubal gestations at the 
time of diagnosis increases.'° 

Even the smallest amounts of free pelvic fluid may 
easily and consistently be detected by transvaginal son- 
ography.” All ruptured ectopic gestations had some 
amount of free pelvic fluid at the time of the vaginal 
scan. Only two of the patients had >200. ml of blood 
in the abdominal cavity. However, in our cases in which 
the tubes were found to be intact, there were variable 
but small amounts of free fluid in the pelvis. Easy eval- 
uation of the presence or absence of fluid in the 
cul-de-sac in cases of suspected ectopic pregnancy has 
important and practical clinical implications. The cor- 
rect diagnosis in these cases may require clinical ex- 
perience. However, even a relatively inexperienced op- 
erator during a busy night call in the emergency ward 
can make important decisions based on very simple but 
reliable findings, such as the presence or absence of life- 
threatening bleeding originating from a ruptured ec- 
topic pregnancy. The exclusion of such a clinical situ- 
ation may save the patient (and the physician) from 
unnecessary surgery. The final diagnosis may be left to 
a subsequent scan by a more experienced ultraso- 
nographer. 

We mention the various transvaginal images that may 
cause differential diagnostic problems for the ultraso- 
nographer. Four structures should be carefully exam- 
ined and correctly recognized: 

1. The corpus luteum, which is eccentrically located 
within the ovary, surrounded by ovarian tissue, may 
create the impression of a “tubal ring.” 

2. A graafian follicle of the ovary has a wall that is 
usually thinner than the corpus luteum and the “tubal 
ring.” 

3. Small bowel—Difficulty in differentiating this 
from a tubal structure arises only if a static film is read. 
During real-time scanning, the peristalsis of the bowel 
is obvious. 

4. Tubal pathologic conditions, such as a hydrosal- 
pinx, which tends to be larger in size, is pear-shaped, 
and contains a homogeneous (mostly sonolucent) fluid. 

Generally, the diagnosis of a tubal gestation should 
be made after a meticulous examination, with different 
and multiple scanning planes that prove the repro- 
ducibility of the structure. The diagnosis must be made 
during real-time scanning. 

In our review of the false-positive case, an alternate 
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method for awaiting the final hormonal assay, such as 
laparoscopy preceding the planned laparotomy, would 
have avoided the surgical procedure. 

The 13 cases referred to us to rule out ectopic preg- 
nancy that subsequently had nonpregnant levels of 
B-hCG merit explanation. These cases were intention- 
ally included in the study because they were part of the 
“rule out ectopic pregnancy“ population with which 
every ultrasonography laboratory deals daily. It would 
be ideal to scan only those patients with an available 
B-hCG report. Unfortunately, the practice of emer- 
gency medicine does not always allow this. This was 
also true for this group of 13 patients. At the time of 
referral, results of their hormonal tests were pending. 
The patients were scanned before the results were 
known; a variety of pelvic pathologic conditions other 
than ectopic pregnancy were detected. Among the find- 
ings were corpus luteum cysts, simple cysts, and a hy- 
drosalpinx. 

In four cases, the diagnosis of a tubal pregnancy was 
not proved by surgical means. Therefore it is difficult 
to accept the validity of a diagnosis of ectopic pregnancy 
without pathologic confirmation. However, the reli- 
ability of the positive findings obtained by transvaginal 
sonography, such as the empty uterus, a “tubal ring” 
with an embryonic pole, absence of pelvic bleeding in 
the presence of falling levels of B-hCG in a patient who 
never passed blood, or tissue through the cervix, com- 
plies with the diagnosis of “missed ectopic pregnancy” 
even by the strictest standards. The clearly visualized 
“tubal ring” regressed in all three cases within 10 
to 15 days, along with the falling hormone levels. 
More experience with conservatively managed cases 
may lead to acceptable clinical management of certain 
small-size tubal gestations with absent fetal heart- 
beats and a declining titer of B-hCG. Subsequent 
tubal patency in these cases should be further investi- 
gated. 

We emphasize the importance of first documenting 
the presence of a pregnancy with qualitative B-hCG 
determinations before transvaginal sonography is per- 
formed. Furthermore, it is important to obtain serial 
quantitative serum 8-hCG levels in patients with sus- 
pected ectopic pregnancies, (or early intrauterine ges- 
tations) who have a stable clinical condition. 

We believe the transvaginal route, preferably with a 
higher-frequency probe, is the test of choice in the re- 
liable and early ultrasonographic workup of the patient 
with suspected ectopic pregnancy. 





Addendum 


At the time of this publication the total number of 
patients scanned vaginally was 202. Eighty-three true 
ectopic gestations were found. One false-positive case 
and one false-negative case were also seen. The spec- 
ificity and sensitivity of the test did not change signif- 
icantly (99.1% and 98.8%, respectively). The positive 
and negative predictive values of the test were 98.8% 
and 99.1%, respectively. 
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[leocecal vaginal construction 
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In. 10 patients, six with previously failed vaginal reconstruction of Mayer-Rokitansky syndrome, two with 
male pseudohermaphroditism, one with a history of Wertheim-Meigs operation followed by irradiation of 
the true pelvis, and one with vaginectomy caused by trauma, a neovagina was created out of cecal or 
ileocecal segments. Advantages of this technique are the excellent blood supply to the lleocecal region 
and the long vascular pedicle. The supplemental application of terminal ileum for prolongation of the cacal 
vaginoplasty allows for tensioniess anastomosis between the neovagina and the vulva, even in patients 
with difficult anatomic conditions. A detailed description of the operative technique and indications for 
ileocecal and cecal vaginoplasty are presented, and the techniques in current use for vaginal replacement 
are reviewed and discussed. (Am J OasteT Gynecol 1989:161:162-7,) 


Key words: Vaginal aplasia, reconstruction, ileocecal segments 


Vaginal reconstruction may become necessary in 
cases of congenital vaginal aplasia and functional or 
traumatic vaginal loss, Of the variety of operative tech- 
niques currently available, only skin transplants'* and 
sigmoid vaginoplasty“ * have found widespread appli- 
cation. Until now, the use of cecum vaginal replacement 
has been described by Markland and Hastings"; in the 
current literature there is no mention of the use of 
ileocecal segments. 

Two factors prompted the use of cecal and ileocecal 
segments for vaginal replacement: the extremely low 
morbidity rate observed in more than 120 patients in 
whom urinary bladder replacement was done with 
cecum, ascending colon, and terminal ileum’ and the 
close topographic proximity of the cecum and terminal 
ileum to the vagina and thus the prospect of good ac- 
ceptance of the material. The following report presents 
our technique of vaginal reconstruction, clinical ex- 
perience in a small number of patients, and a compar- 
ison of this method with other techniques of vaginal 
reconstruction. 


Material and methods 


We have used cecum and ileocecal segments since 
April 1986 to create a neovagina in 10 patients, ages 
16 to 34 years. Six of these patients had vaginal aplasia 
(Mayer-Rokitansky syndrome), with fibrotic shrinkage 
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and total obliteration of the reconstructed vaginal tube, 
which occurred after creation of a peritoneal neovagina 
or after vaginal reconstruction with a free skin graft. 

Hysterectomy and vaginectomy were performed in 
the seventh patient after a polytrauma with multiple 
pelvic injuries (rupture of the vagina, uterus, rectum, 
urethra, etc.) The eighth patient had a history of 
Wertheim-Meigs operation followed by irradiation of 
the true pelvis 5 years ago, The patient later developed 
a 2 cm deep vaginal groove. The remaining two patients 
had male pseudohermaphroditism., 


Operative technique 

The preoperative intestinal preparation of the pa- 
tient was performed via colonic irrigation by means of 
a gastric tube with approximately 8 to 10 L of Ringer's 
lactated solution plus potassium chloride. Antibiotic 
prophylaxis was carried out perioperatively. To enable 
a combined abdominal and vaginal approach, the pa- 
tient was placed in the supine position with lower ex- 
tremities resting on adjustable leg supports. Access to 
the abdomen was provided via a lower medial abdom- 
inal incision approximately 3 inches above the navel. A 
description of the operative procedure, along with il- 
lustrations to visually demonstrate it, follows. 

Fig. 1. Cecal pole and ascending colon are mobilized 
after a right-sided paracolic incision of the dorsal pa- 
rietal peritoneum. Complete mobilization of the right 
colonic flexure is very important to ensure subsequent 
tension-free ileacolostomy. In obese patients, one must 
take special care to safeguard the right retroperitoneal 
ureter. Precise localization of the ileocolic artery via cold 
light diaphanoscopy must be accomplished before se- 
lection of the ileocecal segment to be isolated. A 12 to 
15 cm segment of cecum and ascending colon with good 
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Fig. 2. See text for description. Fig. 4. See text for description. 
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Fig. 6. See text for description. 


vessel supply is selected. The point of subsequent in- 
testinal dissection is marked by four stay sutures. 
Only the vessel arcade located between the ligatures 
next to the intestine will be dissected in this region. 
After appendectomy, the cecum should be moved cau- 
dally to ensure tension-free anastomosis to the vulva. 
If possible, the ileum is dissected close to Bauhin’s valve. 
Fig. 2. Bowel continuity is achieved. by. ileocolos- 
tomy with single-layered seromuscular sutures (PDS or 
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Fig. 5. See text for description. 
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Fig. 7. See text for description. 


Maxon 4/0) in which the narrow ileum and the wide 
colon ascendens are anastomosed. in a fish-mouthed 
manner to compensate for the difference in diameter. 
After completion of the intestinal anastomosis, the mes- 
enteric incision is closed by sutures. The dissected in- 
testinal segment is cleansed with physiologic saline so- 
lution via an 18F balloon catheter in the ileum, and 
fecal remains are removed by suction through the lu- 
men of the ascending colon. 
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Fig. 9. See text for description. 


Fig. 3. Simultaneously, a second operating team per- 
forms the vaginal approach. A pouch for the insertion 
of the intestine through the pelvic floor is created by 
an H-shaped incision in the vaginal groove between the 
urethral orifice and the posterior commissure. A canal 
is formed by spreading the tissue with the fingers and 
with scissors until the Douglas peritoneum has been 
reached. 

Fig. 4. The taut tissue between the urethra and blad- 
der on the one side and the rectum on the other side 
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Fig. 11. See text for description. 


is cut in two with the scissors. After completion of this 
preparation, the canal is wide enough for three fingers 
up to the pelvic floor, which widens out cranially. 
Depending on the length of the mesentery of the 
ileocecal segment that is to be used to form a neovagina, 
the following operative strategies should be observed. 
Fig. 5. With normal insertion of the ileocolic artery, 
the cecum or ascending colon is rotated 180 degrees 
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Table I. Methods of treating vaginal aplasia 
or atresia"? 


meeen 
1. Nonsurgical dilation according to Frank” 
2. Surgical methods that use skin transplantation 
Pedicle skin flaps or musculocutaneous flaps 
Free skin cleavage grafts 
Free skin cleavage grafts with use of a meshgraft 
technique 
Free skin transplantation 
Surgical methods that use epithelialization from 
outer skin 
Simple formation of a vaginal tube with prothesis 
Joining of labia majora 
Lining of vaginal tube with peritoneum 
Vecchietti method” 
4. Surgical methods that use intestinal transplantations 
Sigmoid vaginoplasty 
Ileal vaginoplasty 
Lining of vaginal tube with free mucosa—muscularis 
transplant made from small intestine 
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counterclockwise so that the margin of the ascending 
colon can be positioned without tension through the 
newly formed canal in the pelvic floor down to the 
vulva, 

Fig. 6. High insertion of the ileocolic artery does not 
allow rotation. In this case the cecal pole is moved cau- 
dally through the canal in the pelvic floor down to the 
vulva. The ascending colon margin is closed, and the 
cecal pole at the vulva is opened by a horizontal incision. 

Fig. 7. If the mesentery is 2 to 3 cm too short for 
positioning the cecal pole at the vulva, a horizontal 
incision of the parietal peritoneum above the supplying 
vessel arcade can usually lengthen the mesentery 
enough to attain a tensionless anastomosis with the vul- 
val region. 

Fig. 8. If the mesentery of the cecum is still too short, 
a 15 cm long ileal segment attached to the cecum is 
used for formation of the neovagina. In contrast to the 
mesentery of the ascending colon, the ileal mesentery 
must be dissected as far as possible toward the mes- 
enteric end between ligatures to achieve a tensionless 
ileocolostomy. Dissection of the intestine is performed 
between the suture markers along the ileal margin and 
the margin in the colon ascendens region. Although it 
protects the vessel arcade near the bowel, the ileal seg- 
ment is mobilized and positioned at the opening of the 
cecum. The U-shaped ileal segment is then positioned 
at the horizontally incised lower cecal pole and its mes- 
entery incised lengthwise. By suturing the two intestinal 
edges with a running suture, a small pouch is formed 
and then anastomosed tọ the cecal pole with inter- 
rupted sutures to create a 5 to 7 cm extension of the 
neovagina. 

Fig. 9. The completed neovagina is pulled through 
the canal in the pelvic floor. 

Fig. 10. While the second operating team performs 
an anastomosis of the neovagina to the remaining vulva 
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using interrupted sutures, the first operating team 
closes the abdomen after the neovagina has been at- 
tached to the lateral abdominal wall and a vaginal drain 
has been inserted. 

Fig. 11. The sagittal cut through the pelvis shows the 
position of the neovagina as related to the other pelvic 
organs. By attaching the Douglas peritoneum to the 
wall of the neovagina, further extraperitonealization of 
the neovagina is accomplished. 

The nasogastric tube should be left in place for 3 to 
5 days after surgery; nutriments are administered in- 
travenously until the first spontaneous stool passage, 
and coitus is expressly forbidden for 4 to 6 weeks. 


Comment 


Most methods for the treatment of aplasia or atresia 
of the vagina can be categorized as nonsurgical, such 
as dilatation, or surgical, such as skin transplants, in- 
testinal transplants, or epithelialization from the outer 
skin layer (Table I).*" Currently, the most popular sur- 
gical method is the formation of an artificial vaginal 
lumen lined with free transplanted split-thickness graft 
as described by Kirscher and Wagner” and improved 
on by McIndoe and Barnister.* Positive results brought 
about the wide use of this relatively simple and safe 
technique for more than 50 years. However, later ex- 
aminations by Cali and Pratt” and Counseller' dem- 
onstrated a high shrinkage tendency in the upper third 
of the neovagina, with partial or complete obliteration 
in 21% to 41% of patients. This problem could not be 
corrected satisfactorily by meshgraft techniques, free 
bowel mucosa transplants, or lining the vaginal tube 
with peritoneum.* '*'® In addition to the necessary di- 
latation of the vaginal canal or the lengthy wearing of 
a mold, these patients very often developed extended 
scarring at the skin transplant site, which in some cases 
led to keloid formation.'** *'” Various authors have 
described urethrovaginal fistulas and necroses of the 
urethra caused by the implanted mold.'* Bruck" be- 
lieved that the main problem in the construction of an 
artificial vagina was not so much the formation of a 
hollow area but rather finding an appropriate lining 
that guarantees lasting patency of the neovagina. 

At the turn of the century, the idea of using non- 
shrinking bowel as a vaginal replacement was proposed. 
Kistner, Snegireff, Baldwin, Albrecht, and Hochenegg 
were the first to prepare the way for ileal, rectal, and 
sigmoid transplants between 1892 and 1912." The pa- 
tients very often suffered from stool incontinence when 
the rectum was transplanted and experienced a high 
rate of mucous secretion (as much as 250 ml/ day) when 
ileum was used.” The sigmoid is topographically sit- 
uated in a convenient position, possesses enough flex- 
ibility, and has an optimal blood supply with a suffi- 
ciently long and well-vascularized. blood arcade. Fur- 
ther advantages of the sigmoid are a wide lumen and 
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only a slight tendency to traumatization involving post- 
coital bleeding. Occasionally lethal complications en- 
countered in the first series of sigmoid vaginoplasties, 
such as thrombosis, strangulation ileus, and implant 
necrosis with ascending pelvioperitonitis caused by ves- 
sel distention, could be overcome by the modifications 
of Schmidt‘ and Zangl.’ 

The advantages of the sigmoid segment also apply 
to the cecum, which is particularly useful as vaginal 
replacement material in patients with insufficient size 
of the sigmoid segment, sigmoiddiverticulitis, extended 
sigmoid adhesions, or previous sigmoid resections. Un- 
til now, only Markland and Hastings® have published 
their experiences with the cecum as a vaginal substitute 
in five transsexual patients. Good results were achieved 
in these patients after clockwise rotation of the cecum 
on its axis and anastomosis of the distal end with a newly 
created vaginal orifice. We were also able to use this 
operative technique successfully in two patients. Be- 
cause the ileocolic artery insertion was higher in the 
other two patients, we constructed a neovagina using 
cecum without rotation of the bowel segment to create 
a free anastomosis to the vulva, Despite complete mo- 
bilization of the right colonic flexure, it may not always 
be possible to achieve tension-free positioning of the 
cecum to the vaginal orifice. This problem has been 
described repeatedly in sigmoid transplants and by 
Markland and Hastings’ in a cecal transplant. Sigmoid 
transplant rejection or necrosis must be related to ten- 
sion between the anastomosed sigmoid and vaginal or- 
ifice.*? When the mesentery cannot be extended suf- 
ficiently as a result of horizontal incision of the peri- 
toneum across the supplying vessel arcade (Fig. 7), the 
extension of the cecal vagina can be achieved by inclu- 
sion of the terminal ileum. 

The 10 patients operated here had a complication- 
free postoperative course, minimal mucous secretion 
in the neovagina, and satisfactory function with no 
shrinkage tendency. In the polytraumatized patient, it 
was necessary to undertake vaginal reconstruction 2 
months after surgery to correct a stenosis of the vaginal 
orifice with massive scar tissue formation. 

In addition to vaginal aplasia or atresia, the oper- 
ative technique described can be applied in cases of 
radical carcinoma surgery (total vaginectomy or an- 
terior exenteration with simultaneous vaginal recon- 
struction"), rectovaginal fistulas, radiogenic vaginal 
shrinkage (case No. 5), and in rare cases of vaginal 
agenesia with a functional uterus.” 

The decision to attempt nonsurgical dilatation, sur- 
gery with skin transplants or epithelialization from the 
outer skin, or intestinal transplants must be based on 
the patient's anatomy, the number of previously failed 
operations, the surgeon's operative experience, and the 
psychologic well-being of the patient. On the basis of 
initial results in a small group of patients, it is possible 
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to say that the previously described operative technique 
allows the treatment of various types of vaginal aplasia 
or atresia, Follow-up of 6 to 30 months has shown good 
cosmetic and functional results. No complications were 
observed within this time period. 

The major advantages of a neovagina created from 
cecum or ileocecum can be summarized as follows: (1) 
excellent blood supply of the ileocecal region; (2) a 
longer vessel arcade of the anastomosed segment, 
which, when used in combination with the colon as- 
cendens, can be extended as long as needed; (3) the 
possibility of rotating this segment 180 degrees without 
endangering the blood supply; (4) inclusion of the ter- 
minal ileum to form the neovagina when a higher in- 
sertion of the ileacolic artery is present; and (5) rapid 
decrease and almost total loss of mucous secretion. 
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Renal artery flow-velocity waveforms in normal and 


hypoxemic fetuses 


S. Vyas, MD, K. H. Nicolaides, MD, and S. Campbell, MD 


London, England 


Color flow mapping was used to identify the fetal rena! artery and to obtain flow-velocity waveforms. A 
reference range of the fetal renal artery pulsatility index with gestation was constructed from a 
cross-sectional study of 114 appropriate for gestational age fetuses of 17 to 43 weeks’ gestation. The 
pulsatility index decreased linearly with gestation, indicating a fall in impedance to flow, and presumably 
an increase in renal perfusion. The renal artery puisatility index was also determined in 18 
smail-for-gestational-age fetuses and was higher than the appropriate-for-gestational-age group. The 
small-for-gestational-age fetuses also had fetal blood sampling performed by cordocentesis. A significant, 
direct correlation was found between blood oxygen deficit and increased renal artery pulsatility index. (Am 


J Osstet Gynecol 1989;161:168-72.) 


Key words: Fetal renal artery, color flow mapping, Doppler, cordocentesis, fetal hypoxemia 


Fetal Doppler velocimetry in association with fetal 
blood sampling by cordocentesis allows examination of 
the effects of hypoxemia on the cardiovascular system 
of the human fetus.’* Fetal blood sampling by cordo- 
centesis has provided evidence that some small-for- 
gestational-age (SGA) fetuses are hypoxemic, and 
Doppler studies have demonstrated that in fetal hy- 
poxemia there is a redistribution of cardiac output that 
results in a brain-sparing effect.*® Thus in fetal hypox- 
emia there is an increase in the mean blood velocity 
and decrease in pulsatility index (PI) in the flow-velocity 
waveform from the common carotid artery, with a con- 
comitant reduction in the mean blood velocity and in- 
crease in pulsatility index of flow velocity waveforms 
from the fetal descending thoracic aorta." However, 
the characteristics of flow-velocity waveforms in the fe- 
tal aorta represent the summation of flow to the kid- 
neys, other abdominal organs, the femoral arteries, and 
the placenta. Indeed the umbilical arteries, which are 
not under the control of the fetal homeostatic mech- 
anisms, receive 50% of aortic blood flow,’ Therefore 
study of the flow-velocity waveforms from branches of 
the abdominal aorta such as the renal arteries is likely 
to provide a more sensitive method for the prediction 
of fetal oxygenation than examination of aortic flow- 
velocity waveforms. 

Study of the renal arteries has been limited by the 
inability of conventional B-mode ultrasonography to 
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Fig. 1. Longitudinal axis of fetal kidney with renal artery (red) 
demonstrated by color flow mapping. 


resolve small fetal vessels, This problem has been over- 
come by the introduction of color flow mapping. This 
article describes the method of obtaining flow-velocity 
waveforms from the renal artery and establishes ref- 
erences ranges for the pulsatility index of flow-velocity 
waveforms derived from this vessel.” Furthermore, it 
examines the relationship between renal artery pulsa- 
tility index Po, in blood samples obtained by cordo- 
centesis from 18 SGA fetuses. 


Patients and methods 

A reference range for the fetal renal artery pulsatility 
index was derived from a single examination of 114 
women with uncomplicated singleton pregnancies be- 
tween 17 and 43 weeks’ gestation. Gestational age was 
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Gestation (wks) 


Fig. 2. Reference range (mean and individual 95% confidence intervals) of fetal renal artery pulsatility 
index with gestation constructed from study of 114 AGA fetuses (@). 





Fig. 3. Flow-velocity waveforms from the fetal renal artery at 26 (fop) and 38 (botom) weeks’ gestation 
with absence of end-diastolic frequencies in the former and presence in the latter. 


calculated by Naegele’s rule and was confirmed by an 


ultrasonographic scan performed at 18 to 22 weeks of 


amenorrhea. The women were recruited from the an- 
tenatal clinic during their routine visit and had no preg- 
nancy complications. Ultrasonographic examination at 
the time of the Doppler studies showed all the fetuses 
to be structurally normal and of appropriate size for 
gestational age (AGA). Furthermore, neither oligohy- 
dramnios nor polyhydramnios was present. 

Studies of the fetal renal artery were performed with 
a color flow mapping system with a 5 MHz transducer 
(Acuson 128, Acuson) and a high-pass filter setting of 
125 Hz. The patient was placed in a semirecumbent 
position and a longitudinal view of the fetal kidneys 


was obtained by real-time ultrasonography. All exam- 
inations were performed during fetal apnea because 
fetal breathing movements are known to have marked 
effects on fetal blood flow,” Fetal breathing movements 
are recognized by the rhythmic movement of the fetal 
kidneys independently of fetal trunk movements. The 
image of the kidney was magnified and the color flow 
mapping element of the transducer was started. Thus 
Doppler-shifted frequencies in the scan plane were col- 
ored either red (movement toward the transducer) or 
blue (movement away from the transducer). In the lon- 
gitudinal plane the renal artery runs directly toward 
the transducer from its origin as a lateral branch of the 
abdominal aorta to the hilum of the kidney (Fig. 1). 
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Fig. 4. Renal artery pulsatility index of 18 SGA fetuses (@) plotted on reference range. 
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Fig. 5. Relationship between fetal hypoxemia and renal artery pulsatility index, both expressed as 
number of SDs by which observed blood Po, and renal artery pulsatility index differed from re- 
spective mean for gestational age. Pregnancies in which oligohydramnios was noted are indicated 


by ©, 


The abdominal aorta lies parallel to the transducer. In 


— this orientation the beam-vessel angle for the renal ar- 


tery is close to 0 degrees, whereas the angle for the 
_ abdominal aorta is approximately 90 degrees. This en- 
= sures that the signals from the renal artery are opti- 
“mized, with no contamination from the aorta. The 
Doppler range gate was placed over the renal artery 
instead of one of its branches. Flow-velocity waveforms 
‘were recorded and the pulsatility index was determined 
-= by an on-line spectrum analyzer (Doptek Ltd.). 
he intraobserver coefficient of variation for the pul- 
satility index of flow-velocity waveforms for the renal 
-artery was determined by examining three fetuses; 10 
measurements were taken from each fetus during a 1- 
hour period. The intraobserver variation was 5.4%. 


Measurements were made from both the left and right 
fetal renal artery in 12 cases; no significant difference 
was found (Student's paired ¢ test, 4, = 0.21,p = 0,85). 

The fetal renal artery pulsatility index was also de- 
termined in 18 SGA fetuses who were referred to our 
unit for blood gas analysis and rapid karyotyping at 
gestational ages between 22 and 39 weeks. The fetal 
abdominal circumference was 2 to 7.5 SDs below the 
mean for gestation of our reference range, which was 
constructed from the study of 1610 pregnancies. The 
Doppler studies were performed. up to. 30 minutes.be- 
fore cordocentesis, which was: performed without ma- 
ternal sedation or fetal. paralysis.’ Blood vessels were 


identified by the intravascular injection of 0.4 ml nor: 


mal saline solution at the time of cordocentesis.? The 
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umbilical vein was sampled in 14 cases and the umbilical 
artery was sampled in four cases. Fetal blood gases were 
measured by a Radiometer ABL 330 (Radiometer). 

Linear regression analysis was used to calculate the 
mean and individual 95% confidence intervals of the 
relationship between renal artery pulsatility index and 
gestation. In the SGA fetuses the individual observed 
renal artery pulsatility index and blood Po, values were 
expressed as the number of SDs from the respective 
normal means for gestation (APo,, Apulsatility index).’ 
One-sample Student’s ż test was used to compare blood 
Po, and renal artery pulsatility index between the SGA 
and AGA groups. 


Results 

Fetal renal artery flow-velocity waveforms were suc- 
cessfully obtained from 114 of the 131 examinations 
attempted (87%). Failure to obtain flow-velocity wave- 
forms was always the result of the relatively short depth 
of field imposed by a 5 MHz transducer and occurred 
in association with an extensive anterior placenta (eight 
cases) or when the fetal spine was posterior (nine cases). 

The renal artery pulsatility index decreases linearly 
with gestation (r= —0.56, p < 0.0001, constant = 
3.77, slope = —0.04, SD = 0.46; (Fig. 2). The flow- 
velocity waveforms are highly pulsatile; the presence 
of end-diastolic frequencies becomes more common 
with advancing gestation (Fig. 3). Thus end-diastolic 
frequencies were present in 3 of 27 cases (11%) at 18 
to 25 weeks’ gestation, 6 of 37 cases (19%) at 26 to 34 
weeks, and 43 of 50 cases (86%) at 35 to 43 weeks’ 
gestation. 

The renal artery pulsatility index is significantly 
higher (Fig. 4) and the blood Po, is significantly lower 
in the SGA than in the AGA fetuses (ty = 6.86, 
p<0.0001 and ty = —3.40, p< 0.01, respectively). 
Furthermore, in the SGA fetuses there is a significant 
correlation between Apulsatility index and APo, (Fig. 
5,7 = —0.66, p < 0.005, slope = —0.63, constant = 


1.04, SD = 0.75). Oligohydramnios was noted in three. 


of the SGA fetuses.'! 


Comment 


Fetal renal artery flow-velocity waveforms can be ob- ` 


tained by the use of color flow mapping. Since end- 
diastolic frequencies are absent in 54% of cases, the 
pulsatility index was selected for analysis of the flow- 
velocity waveforms because this index is not dependent 


on end-diastolic frequencies for its calculation. Imped- 


ance to flow in the renal circulation decreases with ad- 
vancing gestation. 

If it is assumed that the arterial pressure remains 
constant, then fetal renal perfusion increases. This may 
offer an explanation for the increase in fetal urine pro- 
duction rate that occurs with advancing gestation.’ 
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This is in agreement with studies on chronically cath- 
eterized fetal lambs in which total renal blood flow (in 
milliliters per minute) and filtration fraction are sig- 
nificantly higher near term when compared with values 
earlier in the third trimester.’ 

Although the hourly fetal urine production rate does 


‘not continue to increase at gestations beyond 40 weeks, 


the renal artery pulsatility index continues to fall.” This 
finding suggests that the change in urine production 
rate at this gestation may not be a result of changes in 
renal perfusion. Robillard et al. have shown in the 
chronically catheterized sheep model that near-term 
fetal lambs may be more sensitive to circulating vaso- 
pressin than younger fetuses." It is possible that the 
cause of reduction in urine production rate near term 
in the human fetus represents a maturation of the renal 
rsponse to circulating vasopressin and therefore in- 
creased tubular reabsorption. 

In SGA fetuses there is a direct relationship between 
hypoxia and the renal artery pulsatility index (Fig. 5). 
This relationship would be part of the redistribution 
of cardiac output that has been reported in hypoxic 
human fetuses to produce the brain-sparing effect. 
When the content of inspired oxygen is reduced in the 
pregnant ewe, circulation in the fetus is redistributed 
so that perfusion of the brain, heart, and adrenals is 
increased, whereas perfusion of the carcass, pulmo- 
nary, splenic, gut, and renal vascular beds is de- 
creased. Previous studies with Doppler ultrasonog- 
raphy have alluded to these changes in the human fe- 
tus. However, exact information about the perfusion 
of individual fetal organs has not been obtained because 
of the inability to visualize the arterial supply.” 

Although reduced renal perfusion may result in a 
reduction in fetal urine production and therefore am- 
niotic fluid volume, examination of the latter reflects 
the chronic state whereas the former represents the 
acute state. Thus oligohydramnios was noted in three 
of the SGA pregnancies, presumably as a result of 
chronic fetal hypoxemia (Fig. 5). 

The use of color flow mapping to identify the fetal 
renal artery and to correlate changes in flow impedance 
with measurements of fetal blood Po, has enabled the 
demonstration of a direct relationship between fetal 
oxygenation and impedance to flow in the fetal renal 
circulation. 
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Twin pregnancy in premature ovarian failure after estrogen 


treatment: A case report 


Lawrence Tang, MD, and Robert S. Sawers, MD 
Birmingham, England 


Spontaneous or pharmacologically induced reactivation of follicular development in patients with premature 
ovarian failure may occasionally result in successful singleton pregnancy. We report the first case of a 
dizygotic twin pregnancy after cyclic estrogen-progestin treatment in this condition. (AM J OssteT GYNECOL 


1989;161:172-3.) 


Key words: Twin pregnancy, premature ovarian failure, estrogen treatment 


Premature ovarian failure is diagnosed when hyper- 
gonadotropic amenorrhea occurs before the age of 40. 
Although it carries a poor fertility prognosis, sponta- 
neous ovulation and pregnancy have been observed in 
few cases. Occasionally, rebound ovulation after with- 
drawal of cyclic estrogen-progestin treatment may pro- 
duce a singleton pregnancy. To our knowledge, dizy- 
gotic twin pregnancy from such treatment has not been 
recorded. 
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Case report 


The patient, 32 years old, was first seen because of 
secondary amenorrhea and primary infertility. Her 
menarche was at the age of 12 with regular 28-day 
cycles until the age of 18 when she started to take oral 
contraceptives and continued use for the next 6 years. 
When she married no spontaneous menstrual period 
occurred after discontinuation of oral contraceptives 
for 1 year. Her past medical history and family history 
were unremarkable. 

The patient weighed 47.5 kg and was 156 cm in 
height. She had normal secondary sexual development. 
Pelvic examination was normal exzept for an atrophic 
vagina and a small uterus. 

She had no withdrawal bleeding after Provera chal- 
lenge. Levels of both follicle-st:mulating hormone 
(FSH) and luteinizing hormone (LH) were high when 
measured on three separate occasions (FSH >50 
IU/L, normal 1 to 9 IU/L [Medical Research Council 
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78/549]; LH >120 IU/L, normal 1 to 12 IU/L [Medical 
Research Council 68/40]). Serum prolactin and thyroid 
function test results were normal. Complete blood 
count, urinalysis, liver function test, serum electrolytes, 
serum cholesterol, serum calcium and phosphate, and 
serum protein determinations were within normal lim- 
its. Chromosomal study showed a normal karyotype of 
46,XX. Laparoscopy revealed a hypoplastic uterus, pa- 
tent tubes, and small ovaries. Bilateral ovarian punch 
biopsies failed to demonstrate any primordial follicles. 
Seminal fluid analyses of her 33-year-old husband were 
normal. 

After discussion with the couple about the poor fer- 
tility prognosis, the patient agreed to a 3-week trial 
course of ethinyl estradiol treatment at 50 pg daily. 
Weekly endocrine assessment showed gradual suppres- 
sion of gonadotropin levels. The patient had with- 
drawal bleeding but no rebound ovulation after treat- 
ment for 6 months. She was then given buserelin 
(Hoechst U.K. Ltd.), a gonadotropin-releasing hor- 
mone analog, at a dose of 6 x 100 wg daily for 21 
days followed by a 28-day drug-free period to observe 
for rebound ovulation. The gonadotropins were sup- 
pressed to normal levels but the serum estradiol level 
remained low; no rebound ovulation occurred after 
three treatment cycles. Subsequently adequate suppres- 
sion of gonadotropins was achieved with ethinyl estra- 
diol, which was followed by ovarian stimulation with 
clomiphene citrate (100 mg daily for 5 days) for three 
cycles and then human menopausal gonadotropin 
(2925 IU) for one cycle. All treatments failed to induce 
any follicular development. 

The couple was counseled after 22 months of inten- 
sive treatment. The patient was started on a regimen 
of ethinyl estradiol, 100 pg daily for 28 days, with me- 
droxyprogesterone acetate, 5 mg daily, for the last 10 
days followed by a 28-day treatment-free period to 
await rebound ovulation. She had regular withdrawal 
bleeding for 6 months. In the seventh month, she had 
no withdrawal bleeding. Ultrasonographic scan showed 
a twin pregnancy. At 28 weeks’ gestation, cesarean sec- 
tion was performed for severe proteinuric preeclamp- 
sia and no growth in the second twin. A male infant 
weighing 1160 gm and a female infant weighing 820 
gm were delivered. 


Comment 


Accurate diagnosis of the cause of premature ovarian 
failure is the best guide to the likelihood of spontaneous 
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ovulation and the aptness of the ovaries to respond to 
estrogen treatment or ovulation induction. Patients 
with ovarian failure after chemotherapy may respond 
readily, whereas autoimmune ovarian failure and re- 
sistant ovary syndrome are quite refractory to treat- 
ment. In idiopathic premature ovarian failure, a history 
of secondary amenorrhea or oligomenorrhea seems to 
have a better outcome than primary amenorrhea.' Pa- 
tients with serum estradiol concentrations above meno- 
pausal range and/or serum LH levels greater than FSH 
levels are more likely to respond because the syndrome 
reflects the presence of intermittent ovarian follicular 
activity and appropriate feedback mechanism.’ As il- 
lustrated in our patient, laparoscopic ovarian biopsy is 
not useful in the prediction of disease outcome because 
of inadequate sampling. Ovarian biopsy via laparotomy 
may help to diagnose autoimmune oophoritis or resis- 


tant ovary syndrome; however, postoperative adhesion 


formation may compromise fertility. 

We believe that in vitro fertilization with oocyte do- 
nation should be recommended to those patients who 
are considered to be poor responders to ovulation in- 
duction. Both estrogen treatment and gonadotropin- 
releasing hormone analog can efficiently suppress the 
elevated gonadotropin levels, However, estrogen ther- 
apy is more successful in terms cf ovulation induction 
because it can promote new FSH receptor formation 
by decreasing the down-regulation effects of high tonic 
levels of FSH and also synergizes with FSH to increase 
the number of FSH receptors.’ For those who do not 
desire pregnancy or further pregnancies, estrogen re- 
placement therapy should be started to prevent osteo- 
porosis. However, in view of the unpredictable outcome 
and the remote possibility of a pregnancy, proper con- 
traception or sterilization should be advised.’ 
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Uterine development and endocrine relationships 
after menarche 


Eleonora Porcu, MD, Stefano Venturoli, MD, Raffaella Fabbri, BSc, Luigi F. Orsini, MD, 
Emilia Sganga, MD, Lorena Brondelli, MD, Roberto Paradisi, MD, and 
Carlo Flamigni, MD 


Bologna, Italy 


Uterine volume and ovarian/uterine ratio during the first 6 postmenarchal years in 143 women were 
compared with an adult control group. Plasma gonadotropins and sex steroids were also correlated with 
uterine volume in adolescents. Uterine volume increased progressively and correlated positively with 
advancing postmenarchal (r = 0.24; p < 0.05) and chronologic (r = 0.23; p < 0.05) age. However, normal 
adult uterine volume was not yet reached by the highest postmenarchal (6 years) and chronologic (18 
years) age. The ovarian/uterine ratio decreased gradually with increasing postmenarchal age but was 
always higher (0.22) than that of control subjects (0.12). Uterine volume correlated positively with plasma 
estradiol (r = 0.25; p < 0.05) and dehydroepiandrosterone (r = 0.22: p < 0.05) and its sulfate (r = 0.22; 
p < 0.05) levels. This study indicates that the uterus continues to grow after menarche in conjunction with 
increasing hormone levels. (AM J OpsteT GYNECOL 1989;161:174-7.) 


Key words: Uterine development, adolescence, ovaries 


In pubertal development, menarche is an interme- 
diate step that is followed by further physical and en- 
docrine changes. Some variables, such as height, skel- 
etal maturation, and secondary sexual features, usually 
undergo minor modifications after menarche. On the 
other hand, the endocrine pattern shows more: or 
less prolonged maturation toward normal ovulatory 
function. 

As for the genital tract, maturation is not yet com- 
pleted after menarche. From the onset of puberty to 
menarche, the ovaries gradually enlarge with an in- 
crease in the stroma and the number and size of antral 
follicles as documented by histologic and ultrasono- 
graphic studies.'* Postmenarchal morphologic studies 
of the ovaries have been described by our group in 
previous studies.* ê These studies have shown that at 
menarche ovarian volume is already in the adult range, 
often exceeding it, and that ovarian structure is fre- 
quently multifollicular. Before menarche, the uterus 
increases in size, and the cervix/corpus ratio decreases 
progressively.*’ 

This study defines the postmenarchal evolution of 
the uterus and its relationship with the reproductive 
endocrine background. 
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Material and methods 


One hundred forty-three healthy teen-age girls 
(range, 13 to 18 years; mean, 16.2 years) were studied. 
The subjects ranged between 0.5 and 6 years (mean, 
3.2 years) postmenarche. Each subject attended the 
hospital on an outpatient basis because of various non- 
endocrine disturbances. Mean (standard deviation) 
height was 163 + 4.6 cm, weight as 52.4 + 7.6 kg, and 
body mass index was 20.9 + 3.6 (normal range, 18 to 
24). Each girl was at pubertal stages 4 and 5 in pubic 
hair and breast development according to Marshall and 
Tanner.’ Menstrual rhythm varied between 18 and 90 
days. 

Thirty-three normal volunteers, normally men- 
struating, nulliparous, sexually mature, and 21 to 28 
years of age, made up the control group. Height, 
weight, and body mass index were 165 + 5.6 cm, 
54.4 + 2.3 kg, and 20.1 + 1.7 (mean + SD), respec- 
tively. They had not used oral contraception for at least 
12 months before the start of the study. 

Blood samples were collected on the fifth day of the 
cycle and on a day between the tenth and the fourth 
before the next menstrual bleeding to evaluate the fol- 
licular and premenstrual endocrine pattern and the 
presence of ovulation. To evaluate frequency of ovu- 
lation, the girls were asked to record basal body tem- 
perature for at least 6 months. 

The radioimmunoassay techniques used for hor- 
monal measurements were previously reported.’ In 
particular, follicular-stimulating hormone, luteinizing 
hormone, prolactin, 17-hydroxyprogesterone, proges- 
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Table I. Mean + SD values (mm) of uterine diameters in adolescents during the first 6 postmenarchal 
years and in sexually mature control subjects 















Controls 
(n = 20) 


Postmenarchal yr 
(No. of subjects) 





LD 62.2 + 9.4% 73.3 +72 78.8 + 4.9 


70.3 + 10.3 


) 66.3 + 10.5* 66.3 + 14.54 70.7 + 7.5t 
APD 28.1 + 9.8 28.0 +48” 27.5 +68 28.3 +47*  30.2£39 30.743.7 33.2 +40 
TD . 38.669 40.6 +74}  40.6=+63} 423467 . 416448 43.7448 44.5 +5.8 


LD, longitudinal diameter; APD, anteroposterior diameter; TD, transverse diameter. 


*p < 0.001 with respect to adult controls. 
tp < 0.05 with respect to adult controls. 
tp < 0.01 with respect to adult controls. 


terone, dehydroepiandrosterone and its sulfate, testos- 
terone, androstenedione, 5a-dihydrotestosterone, es- 
trone, and estradiol were assayed. 

Ultrasound examinations of the uterus and ovaries 
were carried out by means of the full-bladder tech- 
nique, with serial longitudinal and transverse scans of 
the pelvis in the supine position using one of three real- 
time ultrasound scanners. A 2.5 MHz mechanical sector 
scanner (Combison 100, Kretztechnik GmbH, Zipf, 
Austria) was used during the first period of our study. 
Two General Electric sector scanners (SRT with a 3 
MHz transducer and RT 3000 witha 5 MHz transducer, 
General Electric, Milwaukee, Wis.) were subsequently 
used. Sonograms were performed during the early fol- 
licular phase. 

Mean ovarian volume was considered representative 
of both ovaries in each subject. Uterine and ovarian 
voluines were determined by the formula for a prolate 
ellipsoid (volume = 0.5233 x DI x D2 x D3, where 
D1, D2, and D3 are the three maximal longitudinal, 
anteroposterior, and traverse diameters). 

Results are expressed as mean + standard deviation, 
and the differences between the group means for large 
groups were tested with the use of the Students ¢ test 
for unpaired data. Correlations between uterine vol- 
ume and chronologic and gynecologic age (expressed 
as number of months from menarche) and hormone 
values are determined by linear regression analysis. 


Results 

In general, the uterus showed typical, mature, pear- 
shaped morphology with a corpus/cervix ratio greater 
than 1. Table I shows that uterine diameters slowly 
increased in the years after menarche. Significant dif- 
ferences disappeared around the third or fourth gy- 
necologic year, but mean diameters did not reach the 
average control value by the sixth year. 

A positive correlation between uterine volume ind 
gynecologic age (r = 0.24; p < 0.05) was found. A pos- 
itive correlation was also seen between uterine volume 
and chronologic age (r = 0.23; p < 0.05). 


Fig. 1 shows mean values (+SD) of uterine volume 
grouped according to postmenarchal and chronologic 
ages in adolescents and sexually mature control sub- 
jects. Mean uterine volume iricreased gradually from 
the first to the sixth year after menarche when its value 
was still lower, albeit not significantly different from 
that of adult control subjects. Regarding chronologic 
age, uterine volume increased progressively starting 
from age 13 yéars onward. Significant differences be- 


‘tween adolescent and control values disappeared at age 


18 years. 

Uterine volume increased in correlation with estra- 
diol levels in both the follicular and premenstrual 
phases (r = 0.22; p < 0.05; r = 0.25; p < 0.05, respec- 
tively). Dehydroepiandrosterone (r = 0.22; p < 0.05) 
and dehydroepiandrosterone sulfate (r = 0.22; p< 
0.05) correlated with uterine volume during the follic- 
ular phase. 

No correlations were found between uterine volume, 
the other Hormones, bone age, weight, height, and 
ovarian volume. Furthermore, uterine volume does not 
change with the frequency of ovulation (i.e., the num- 
ber of ovulations in six months) nor with the frequency 
of menstrual bleedings. The ovariat/uterine ratio pro- 
gressively decreased in the first 6 postmenarchal years, 
but at the sixth year it was still higher than that found 
in adults. 


Comment 

The uterus grows progressively during fetal life.” AF- 
ter birth, uteriné volume is relatively high, longer, and 
thicker than the prepubertal uterus and shows endo- 
metrial and myometrial characteristics very similar to 
those of adults’? 

After the first weeks, uterus size regresses,"’ probably 
because of the withdrawal of maternal hormone stim- 
ulation. During childhood the uterus shows no changes 
in size and shape until the age of 7 years.” From this 
age onward, uterine volume increases progressively at 
a slow rate before the appearance of secondary sexual 
characteristics, whereas a sharp acceleration is seen 
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Fig. 1. Mean values (+SD) of uterine volume grouped ac- 
cording to gynecologic and chronologic years in adoles- 
cents. Sexually mature controls (C) are reported. Number of 
subjects is reported in each column. *p < 0.01; **p < 0.001, 
with respect to control uterine volume. Bottom panel: Mean 
ovarian/uterine ratio in adolescent girls during gynecologic 
years and sexually mature controls (C). 


during puberty, which has a good correlation with Tan- 
ner stages,’ age, weight, height, and estradiol levels,” 
and the most dramatic changes between stage 3 and 4 
of breast dev elopment. 

This study documents thtat after menarche, the 
uterus continues to grow, even after the almost- 
complete development of the secondary sexual char- 
acteristics. Menarche is a critical step toward the de- 
velopment of the whole reproductive system, especially 
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of the uterus, which assumes a new function. After 
menarche, uterine growth rate slows and gradually 


‘tends to.take on the adult size. However, normal adult 


values are not attained even by the sixth gynecologic 
year, which shows that full development of this re- 
productive organ takes even more time, although 
adult morphology and corpus/cervix ratio are already 
achieved by menarche. . 

Comparison between our data and values reported 
by other authors in postpubertal girls is difficult be- 
cause of the low number of subjects in those studies 
that did not group adolescents into postmenarchal 
years. However, the mean uterine length found by Sam- 
ple et al. in a group of 25 girls ranging in age from 
13 to 20 years and the mean uterine longitudinal di- 
ameter and volume reported by Ivarsson et al.” at 13 
and 17 years correspond fairly closely to our values. 

We previously demonstrated" the dynamic postmen- 
archal behavior of many reproductive parameters. 
Among the increasing reproductive hormones, estra- 
diol seems to be the main agent for uterine growth in 
this study. On the other hand, other reproductive pa- 
rameters, such as the frequency of menstrual bleeding 
and that of ovulation and progesterone levels, do not 
appear related to uterine size and growth rate. 

Height and weight correlate with uterine volume be- 
fore menarche but not afterward, since at this agé they 
have nearly exhausted the developmental changes and 
vary independent of growth factors. The adrenal ste- 
roids dehydroepiandrosterone and dehydroepiandro- 
sterone sulfate, which are faithful indexes of biologic 
maturation, continue to increase during adolescence," 
and interestingly, they correlated with uterine devel- 
opment in this study. The low correlation coefficients 
that we found between uterine increases and hormone 
and age changes show that other influences are prob- 
ably mainly responsible for uterine size variations dur- 
ing the first postmenarchal years. 

The finding of a still small uterus during adolescence 
may have reproductive implications. The lack of com- 
plete genital tract maturity might partly account for 
problems such as preterm labor, preeclampsia, and 
small-for—gestational age infants; these problems are 
not. uncommon in adolescence." 

Our data show an ovarian/uterine ratio that de- 
creases with increasing gynecologic age. The mean 
value at the first gynecologic year is very similar to that 


. found in the polycystic ovary syndrome,'* probably be- 


cause unlike the uterus, the ovaries seem to have already 
reached complete growth at menarche.® Furthermore, 
their volume often exceeds the adult value and needs a 
reduction in size to reach the final maturational step. 
Thus ovarian development frequently follows a bi- 
phasic process in adolescence, first increasing up to 
menarche and afterward decreasing in size to reach the 
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adult pattern. The second part of the process is associ- 
ated with and caused by an increase in the frequency of 
ovulation.® We previously reported that the reproduc- 
tive endocrine and ovarian pattern of the first gyneco- 
logic years is often similar to that of polycystic ovary 
syndrome.’ The ovarian/uterine ratio we found in this 
study further documents that the reproductive matu- 
ration in adolescence often includes polycystic ovary 
syndrome-like features that tend to disappear with the 
progression.of postmenarcheal development. 
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Leiomyoma of the ovary with ascites and hydrothorax 


Jonathan J. Nicoll, MA, and Peter J. Cox, MS 
London, England 


A case is described in which a leiomyoma of the ovary was accompanied by hydrothorax. There was no 
reaccumulation of fluid after oophorectomy. (Am J Osstet GynecoL 1989;161:177-8.) 


Key words: Ovarian leiomyoma, hydrothorax 


Leiomyoma arising primarily in the ovary is rare. We 
describe a case in which such a tumor was associated 
with ascites and hydrothorax, an association that has 
not previously been reported. 


Case report 


A 33-year-old woman who had been treated for su- 
pradiaphragmatic Hodgkin’s disease 4 years previously 
complained of lower abdominal pain, chest discomfort, 
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and shortness of breath. Examination revealed a large 
pelvic mass and signs of a right-sided pleural effusion. 
Ultrasonography and computed tomography con- 
firmed the presence of ascites and a pelvic mass, but 
failed to demonstrate the organ of origin of the tumor. 
A chest radiograph showed a large right-sided pleural 
effusion. 

Two liters of straw-colored fluid was aspirated from 
the right chest. Cytologic examination of the fluid 
showed mononuclear and binuclear cells with promi- 
nent nucleoli that were highly suggestive of Hodgkin’s 
disease. Treatment was started with standard combi- 
nation chemotherapy for Hodgkiri’s disease but there 
was reaccumulation of pleural fluid. 

After three cycles of chemotherapy a large right- 
sided pleural effusion still remained and the pelvic mass 
was larger. It was decided to proceed to laparotomy, 
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which was performed with an intercostal drain in situ. 

At operation a 9 cm spherical tumor was found aris- 
ing from the right ovary. AJl other organs were normal; 
there was no lymphadenopathy. 

Right oophorectomy was performed without diffi- 

culty. Histologic examination of the specimen showed 
a benign leiomyoma of the ovary that was well circum- 
scribed and composed of spindle-shaped cells with eo- 
sinophilic cytoplasm and blunt-ended nuclei. Myofibrils 
were visible on staining with phosphotungstic acid— 
hematoxylin. 
- The day after operation the chest radiograph was 
normal and the drain was removed. No further che- 
motherapy was given. Two years later the patient re- 
mained well with no abnormal physical findings and a 
normal chest radiograph. 


Comment 

Leiomyoma of the ovary was originally described by 
Sangalli in 1862, and the literature on the subject was 
well reviewed in 1972.'; at that time 28 cases had 
been reported. The well-recognized association be- 
tween ovarian fibroma and hydrothorax (eponymously 
known as Meigs’ syndrome) was described in 1937.? All 
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seven cases in Meigs’ original report had fibromas or 
fibromyomas. We believe our case is the first reported 
case in which hydrothorax was found with a leiomyoma 
of the ovary. l 

Although our patient had a history of Hodgkin’s dis- 
ease, the fact that pleural fluic reaccumulated rapidly 
despite combination chemotherapy but disappeared 
completely after removal of the ovarian tumor strongly 
suggests that the hydrothorax was caused by the tumor. 
We initially thought the hydrothorax was a result of a 
recurrence of Hodgkin’s disease, but subsequent events 
have led us to believe that the lymphoma has not reac- 
tivated and that the cytologic appearances were caused 
by the presence of reactive mesothelial cells. 


We thank Dr. K. A. Newton and Mr. J. M. Thomas 
for permission to publish this case. 
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Individual growth curve standards in twins: Prediction of 


third-trimester growth and birth characteristics 


Theodor Stefos, MD; Russell L. Deter, MD; Reba M. Hill, MD, and 
Nicolas V. Simon, MD* 


Houston, Texas, and York, Pennsylvania 


The ability of Rossavik growth models, determined from measurements obtained before 24 weeks, to 
predict third-trimester growth and birth characteristics in normally growing twins has been investigated. 
Third-trimester values for head circurnference, abdominal circumference, and femur diaphysis length were 
predicted with an accuracy of +6% to 9% (95% to 98% of percent deviations). For thigh circumference 
and estimated weight, the comparable values were +15% and +16%, respectively. The head 
circumference at birth was predicted without bias; the random error was approximately +5% (94% of 
percent differences). Weight, abdominal circumference, and thigh circumference were systematically 
overestimated (3.1%, 14.9%, and 11.3%, respectively) as a result of differences in prenatal and postnatal 
measurement procedures. After correction for systematic errors, these parameters could be predicted with 
random errors of — 11.5% to 7.2% (weight), — 12.8% to 5.4% (abdominal circumference), and — 15.3% to 
10.0% (thigh circumference). Growth Potential Realization Index values were found to have means of 
approximately 100% and ranges from 91% to 118%. These results are similar to those for singletons and 
indicate that individual assessment of growth in twins can be carried out with the same methods used for 


singletons. (AM J OssteT GYNECOL 1989;161:179-83.) 


Key words: Twins, growth prediction, Rossavik model 


Twin pregnancies represent a high-risk condition in 
which growth problems frequently occur. Previous 
studies have evaluated twin growth through compari- 
sons with the growth of singletons’ by establishing spe- 
cific growth standards for twins**° or from the as- 
sessment of differences in the growth of two twin fe- 
tuses.“ Growth studies concerned with comparisons 
with singletons and the establishment of twin growth 
standards'* have used cross-sectional analytic methods 
even though serial measurements were included in the 
data sets (“mixed” type of growth study). This approach 
does not provide valid estimates of variability and does 
not account for differences in fetal growth potential.” 
Assessment of differences in growth between twins has 
also failed to account for differences in growth poten- 
tial, has frequently used arbitrary criteria to determine 
what represents a significant growth difference, and 
has not provided a means for detecting a major loss of 
maternal support that could adversely affect both twins 
equally. 

As with the growth of singletons, the problems as- 
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sociated with the evaluation of twin growth can be elim- 
inated by the use of individual growth curve standards." 
This requires specification of Rossavik growth models 
based on growth curves obtained in the second 
trimester!" * Recent studies (Stefos and Deter. Unpub- 
lished data.) have shown that second-trimester growth 
in twins is similar to that in singletons, and no statis- 
tically significant effect of zygocity on growth could be 
detected. These results indicated that during the sec- 
ond trimester, the growth of twins could be treated like 
the growth of two singletons in the same mother. Such 
a concept of twin growth provides justification for the 
use of the Rossavik growth model specification proce- 
dures previously developed for singletons.’ This article 
presents the results of our study of the use of Rossavik 
growth models in predicting growth after 24 weeks, 
menstrual age, and the birth characteristics of normally 
growing twins. 


Material and methods 


Sample. This study was carried out with data col- 
lected from 16 twin fetuses in 11 pregnancies. The 


- patients studied were primarily middle-class whites (10 


of 11 patients, one Hispanic) from the Houston area. 
The maternal age ranged from 23 to 32 years (mean, 
29 years). These patients delivered fetuses between 33 
and 39 weeks, menstrual age (mean [+SD]: 36.9 
{+ 1.7] weeks), and comprehensive pediatric assess- 
ment (within 24 hours of delivery) revealed no evidence 
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Table I. Prediction of growth parameters after 24 weeks (twins) and 26 weeks (singletons) in 
normal fetuses 











Twins 


Singletons* 










% Deviation 


Parameter 








% Deviation 





Ranget 


HC 94 0.5 +6 (98%) 97 0.5 +7 (97%) 
AG 99 -1.7 +9 (96%) 97 0.1 +8 (95%) 
FDL 99 -2.0 +7 (95%) 97 -0.1 +7 (94%) 
Thc 98 2.1 +15 (94%) 92 LI +15 (94%) 
EWT 95 1.7 +16 (96%) 97 1.9 +22 (95%) 








HC,Head circumference; AC, abdominal circumference; FDL, femur diaphysis length; TAC, thigh circumference; EWT, esti- 


mated weight. 


*Data for singletons previously published” and presented here for comparison with those for twins. 
+The values in parentheses indicate the proportion of the percent deviations after 24 weeks (twins) or 26 weeks (singletons) 


included in the range. 


of growth abnormalities or congenital anomalies. Birth - 


characteristics such as weight (mean [SD]: 2904 
[+350] gm) length (mean [+SD]: 48.8 + 2.0 cm), and 
head circumference (mean [+SD]: 33.5 [£1.1] cm) 
were within the normal ranges for singletons deter- 
mined by Usher and McLean.” In 14 twin fetuses ab- 
dominal circumference (mean [+ SD]: 29.6 [+ 2.1] cm) 
and thigh circumference (mean [+SD]: 14.1 [1.1] 
cm) measurements were also available and within the 
normal ranges for singletons." Nutrition score values, 
a measure of subcutaneous tissue, were also available 
for 14 twin fetuses and were above 12 (range, 13 to 16) 
for all but one fetus (8.5), values associated with well- 
nourished infants. Growth Potential Realization Index 
values were within the normal ranges of singletons” 
for weight and head circumference in all but two of 
the twin fetuses. Ten of 14 twin fetuses had abdominal 
circumference Growth Potential Realization Index val- 
ues within the singleton normal- range, whereas com- 
parable numbers were nine of 14 for thigh circumfer- 
ence. There were eight male and eight female twin 
fetuses in this sample. 

Fetal age determination. Fetal age determination was 
based on the first day of the last menstrual pe- 
riod, which was confirmed by first-trimester and ear- 
ly second-trimester ultrasound examinations (crown- 
rump length, biparietal diameter, and femur dia- 
physis length measurements)" in 13 of 16 fetuses. In 
three fetuses, fetal age estimates determined by ultra- 
sound examination and last menstrual period did not 
agree. The ultrasound age estimates (based on early 
second-trimester scans) were used in these cases. Birth 
ages derived from obstetric data were similar to those 
determined postnatally by either the Dubowitz or Bal- 
lard methods (mean differences [+SD]: 1.0 [+1.1] 
weeks and 1.4 [+ 1.4] weeks, respectively) for the 14 
twin fetuses in whom estimation of birth age with ob- 


stetric and pediatric methods was carried out. However, 
the differences in age estimates were significantly dif- 
ferent from zero (¢ test; p < 0.05). 

Ultrasound examinations. The ultrasound exami- 
nations were carried out at 2-week intervals from 15 
weeks, menstrual age (initial scan [mean + SD]: 14.7 + 
1.7 weeks), to 36 weeks (last scan [mean + SD]: 
35.9 + 1.5 weeks). The interval between the last scan 
and delivery was (mean + SD) 1.0 + 0.5 week. Each 
twin was identified at each examination by its position 
in the uterus, its size, or its sex. Measurements of the 
biparietal diameter, the long and short axes of the head 
and abdominal profiles, as well as measurements of the 
femur diaphysis Jength and thigh circumference, were 
obtained at each examination for each twin with use of 
procedures described in previous publications." The 
head and abdominal circumferences were calculated 
from the corresponding diameters,” and the estimated 
weight was determined from values of the head and 
abdominal cubes as previously described.’ 

Evaluation of placentas and fetal membranes. 
Examination” of the placentas and fetal membranes in 
these twin pregnancies indicated that eight of the fe- 
tuses were from dizygotic pregnancies and eight were 
from monozygotic pregnancies. 

Data analysis. Values for start points and the coef- 
ficients k, c and s of the Rossavik growth model 
[P = c(t} +] were obtained, as indicated in a previous 
publication,” for the head circumference, abdominal 
circumference, femur diaphysis length, thigh circum- 
ference, and head and abdominal cubes from mea- 
surements obtained before 24 weeks’ menstrual age. 
The models specified by these data were used to predict 
appropriate values for each parameter during the third 
trimester and at birth for head circumference, abdom- 
inal circumference, thigh circumference, and estimated 
weight. Birth predictions for fetuses delivering after 38 
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Table II. Prediction of birth characteristics in normal twin and singleton fetuses 


Mean Ranget 
N (%) (%) 






Singletons* 


% Difference 















Parameter 


HC 16 0.04 —2.0- 5.9 20 1.54 — 4.9- 6.3 
AG 14 14.9§ 2.7-23.8 20 17.38 6.1-23.5 
Thc 14 11.38 —4,3-24.3 20 6.48 ~4.1-16.9 
EWT 16 3.1§ —8.2-10.7 20 1.04 —7.7-10.1 





HC, Head circumference; AC, abdominal circumference; FDL, femur diaphysis length; ThC, thigh circumference; EWT, esti- 
mated weight. 


*Data for singletons published previously and presented here for comparison with those for twins. 


fRange contains 100% (abdominal circumference, thigh circumference: twins), 94% (head circumference, estimated weight: 
twins), or 95% (all parameters: singletons) of the percent differences. 


Not significantly different from zero (p > 0.05). 
§Significantly different from zero (p < 0.05). 


weeks (six of 16) were those for 38 weeks, since no 
growth after 38 was assumed." 

The ability of models derived from data obtained 
before 24 weeks, menstrual age, to predict fetal growth 
in the third trimester was evaluated by comparing ac- 
tual measurements at various time points to predicted 
values and expressing the differences as a percentage 
of the predicted values (percent deviations). Means (sys- 
tematic prediction errors) and ranges (random pre- 
diction errors) for the percent deviations were de- 
termined. 

To evaluate the ability of these models to predict birth 
characteristics, predicted birth head circumference, ab- 
dominal circumference, thigh circumference, and es- 
timated weight values were compared with actual mea- 
surements at birth, and the differences were expressed 
as a percentage of the actual measurements (percent 
differences). The means and standard deviations of 
these percent differences were determined, and the 
mean values were compared with zero by Student ¢ test 
to identify systematic errors. The relationships between 
the percent difference and birth age for each of the 
four parameters studied were evaluated by linear 
regression analysis. 

To provide standards for assessing pregnancy out- 
come on an individual! basis, Growth Potential Realiza- 
tion Index (GPRI) values were calculated for each pa- 
rameter in each twin fetus." Growth Potential Realiza- 
tion Index values are determined by means of the 
following equation: 


Actual measurement at birth 


GPRI = — 
Predicted measurement at birth 


x 100 

For parameters in which a systematic difference be- 
tween the predicted and actual birth measurements was 
found, predicted birth measurements corrected for the 
systematic error were used in the calculation of Growth 


Potential Realization Index values. Growth Potential 
Realization Index values take into account differences 
in genetic growth potential. 


Results 


Prediction of growth in the third trimester. As 
shown in Table I, systematic errors in predicting third- 
trimester growth were small for all parameters (— 2.0% 
to 2.1%). The random prediction errors were also small 
(+6% to 9%) for the one-dimensional parameters 
(head circumference, abdominal circumference, and 
femur diaphysis length) except for thigh circumference 
[+15%]). For estimated weight, a three-dimensional 
parameter, the random prediction error, was smaller 
(+16%) than would be expected (+21% to 22%) on 
the basis of random prediction errors observed for one- 
dimensional parameters. 

Prediction of birth characteristics. Although based 
on models derived from data obtained 9 to 15 weeks 
before delivery (or more), the Rossavik growth models 
specified in this investigation predicted the birth char- 
acteristics of twin fetuses well. No systematic prediction 
errors were found for head circumference, but the 
weight, abdominal circumference, and thigh circum- 
ference were overestimated (3.1%, 14.7%, and 13.1%, 
respectively). As can be seen in Table II, such overes- 
timations have also been observed in singleton fetuses 
for abdominal circumference and thigh circumference. 
These errors can be explained primarily on the basis 
of differences in the prenatal and postnatal tech- 
niques for obtaining measurements of these three pa- 
rameters.’ '* Correction for these systematic errors 
(correction factors for weight, abdominal circumfer- 
ence, and thigh circumference: 0.969, 0.851, and 
0.887, respectively'*) resulted in random prediction er- 
rors that ranged (100% of percent differences) from 
—11.5% to 7.2% for weight, — 12.8% to 5.4% for ab- 
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Table III. Growth pctential realization index values in normal twin and singleton fetuses 





Twins GPRI 


Singletons} GPRI 











HC 16 1004 94-102 20 994 95-105 
AC 14 103+ 95-115 20 102 91-107 
ThC l4 102¢ 91-118 20 1014 91-110 
EWT 16 10it 93-108 20 99+ 91-108 


GPRI, Growth Potential Realization Index; HC, head circumference; AC, abdominal cizcumference; ThC, thigh circumference; 


EWT, estimated weight. 


“*Range includes 100% (abdominal circumferer.ce, thigh circumference: twins), 94% (head circumzerence, estimated weight: 


twins), or 95% (all parameters: singletons) of the GPRI values. 


Data for singletons published previously" and presented here for comparison with those for twins. ` 


{Not significantly different from 100% (p > 0.05). 


dominal circumference, and —15.3% to 10.0% for 
thigh circumference. 

Linear regression analysis failed to reveal any rela- 
tionship between the percent difference and birth age 
over the 33- to 39-week interval in which delivery of 
these twin fetuses occurred. The respective R? values 
were 1.8% for head circumference, 0.0% for abdominal 
circumference, 0.0% for thigh circumference, and 
0.0% for weight. 

Growth Potential Realization Index. Table IIT pre- 
sents the means and ranges of the Growth Potential 
Realization Index for the four parameters (head cir- 
cumference, abdominal circumference, thigh circum- 
ference, and weight) evaluated postnatally in these twin 
fetuses. Corrected predicted values for weight, abdom- 
inal circumference, and thigh circumference were used 
in these calculations. The mean Growth Potential Re- 
alization Index values were not significantly different 
from 100%, and individual values ranged from 91% 
and 118% depending on the parameter being studied. 
The lowest variability in Growth Potential Realization 
Index values was seen with the head circumference 
(94% to 102%). 


Comment 

In evaluating the performance of Rossavik models 
in predicting growth in twins, it is essential that such 
assessment be carried out under conditions in which 
poor model performance can be detected. Because 
evaluation of growth predictions was based on the de- 
gree of agreement between actual measurements and 
predicted values, deviations caused by abnormal 
growth must be excluded if at all possible. This is a 
particular problem with twins, since twin fetuses have 
a much higher incidence of growth abnormalities and 
tend to deliver prematurely. The twins studied in this 
investigation were close to term in most cases (birth 
age: 36.9 [+ 1.7 SD] weeks), and a variety of postnatal 
measurements were within normal ranges for single- 


tons. In addition, most postnatal measurements were 
in agreement with predicted values if the criteria de- 
veloped for singletons (Growth Potential Realization 
Index values [see Table III]) were used. These data 
strongly support the conclusion that growth in these 
twins was normal, and thus significant deviations from 
predicted values would have to be the result of poor 
model performance and not growth abnormalities. 

Rossavik model performance in twins can best be 
judged by comparison with that seen in singletons 
(Tables I to III). With the exception of a small system- 
atic overestimation of the atdominal circumference 
and femur diaphysis length values, the ability of Ros- 
savik models to predict growth in the third trimester 
was essentially the same as that seen in singletons for 
all five parameters. The ability to predict birth char- 
acteristics was also similar in twins and singletons with 
the exception of the thigh circumference and weight, 
in which greater systematic overestimation was seen in 
twins. The reason for these differences is currently un- 
known, but the difference for weight was small, and 
specification of Rossavik models for the thigh circum- 
ference is difficult because of measurement problems 
in the second trimester that require the use of a fixed 
start point.” Leg position may also affect this mea- 
surement.” 

With respect to Growth Pozential Realization Index 
values, mean values were close to 100% for all param- 
eters in both twins and singletons, and the ranges were 
similar in both groups for head circumference and 


.weight. A small shift to higher values was seen with 


abdominal circumference and thigh circumference. 
However, these two parameters required greater cor- 
rection of predicted values for systematic overestima- 
tions, and the correction factors for twins were based 
on fewer measurements than those for singletons. Also, 
the 100% range is presented for twins to compensate 
for the smaller number of values available, whereas the 
95% range is given for singletons. In any case, there 
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does not appear to be major differences between twins 
and singletons with respect to Growth Potential Real- 
ization Index values. i 

Since use of Rossavik growth models individualizes the 
assessment of growth, no direct comparisons can be 
made with previous cross-sectional (actually “mixed”) 
growth studies in twins. However, our results are con- 
sistent with those indicating similarities in the normal 
growth of twins and singletons™** and suggest that those 
investigations reporting differences"? may have in- 
cluded normally and abnormally growing twins in the 
sample studied. The postnatal evaluation of twin fe- 
tuses in some investigations has been limited to birth 
weight assessment" * or not reported.” More extensive 
evaluation of the newborn twin fetuses (weight, head 
circumference, and length) indicated no significant dif- 
ferences in head circumference and length between 
twins and singletons, but the birth weights were sig- 
nificantly lower in twins.* 4 

The results of these investigations indicate that in- 
dividualized assessment is as effective with twins as it is 
with singletons. Subsequent publications will use this 
approach in the detection, characterization, and estab- 
lishment of relationships in abnormally growing twins. 
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Effect of birth weight, race, and sex on survival of 
low-birth-weight infants in neonatal intensive care 


Michael B. Resnick, EdD," Randy L. Carter, PhD," Mario Ariet, PhD," 
Richard L. Bucciarelli, MD, Janet H. Evans, MSPA,* Robert R. Furlough, PhD,’ 


William W. Ausbon, MD,? and John S. Curran, MD* 
Gainesville, Tallahassee, and Tampa, Florida 


Survival for low-birth-weight infants has traditionally been analyzed by birth weight categories spanning 
considerable ranges of weight. We developed a finer description of survival rates to allow estimation of 
survival percentages for infants of any specific birth weight between 500 and 2500 gm. Our sample 
consisted of 16,183 infants treated in tertiary neonatal intensive care between 1980 and 1987. Their 
survival data were analyzed by 50 gm increments between 500 and 2500 gm, and a continuous survival 
curve was constructed by log linear regression methods. Mortality differences between males and females 
and blacks and whites were analyzed. Survival for females was higher than males between 500 and 1500 
grn and higher for blacks than whites between 650 and 1500 gm. Between 1500 and 2500 gm, no 
significant effects of birth weight, race, or sex were observed, with survival remaining stable at 
approximately 95% across al combinations of variables. (Am J OBSTET GYNECOL 1989;161:184-7.) 


Key words: Neonatal survival, neonatal mortality, low birth weight, prometan, neonatal 


intensive Care 


For two decades research has verified that low birth 
weight is the major contributor to infant mortality in 
the United Statés.’’ Traditionally, survival for low- 
birth-weight infants has been analyzed using arbitrarily 
defined categories—most often, <1000 gm, 1000 to 
1500 gm, and 1500 to 2500 gm. The creation of arti- 


ficial groups spanning considérable birth weight ranges ` 


has been necessitated by the limited sample sizes avail- 
able to most researchers. National statistics on low- 
birth-weight infants have employed even cruder birth 
weight categories, usually restricted to <1500 gm and 
1500 to 2500 gm. 

The purpose of our research was to analyze neo- 
natal survival statistics for low-birth-weight infants 
admitted to the State of Florida’s Perinatal Inten- 


sive Care Program for the period 1980 to 1987 (a — 


total of 16,183 infants weighing 500 to 2500 gm at 
birth). The data were analyzed by 50 gm increments 
to yield a more precise description of survival rates 
than any‘ currently available. We developed a statis- 
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tical model to estimate the probability of survival for 
any specific birth weight. 

The mortality differences between males and fe- 
males, and blacks and whites, were an additional focus 
of study. The survival edge of girls over boys has long 
been known, but its magnitude in low-birth-weight in- 
fants has not been documented. The mortality of black 
neonates has been reported as 20 per 1000 live births, 
compared to only 10 per 1000 for whites.’ Conse- 
quently, we used the same 50-gm increments described 
above to analyze survival data by race and sex. 


Material and methods 


Patients. The low-birth-weight infants whose data 
were used for the study received tertiary neonatal in- 
tensive care in the State of Florida’s Perinatal Intensive 
Care Program from July 1980 through June 1987. Dur- 
ing this period approximately 27,000 infants were ad- 
mitted to the Program’s 10 neonatal intensive care 
units; approximately two thirds of them were inborn 
and the remainder were transported. Of these, 16,183 
infants weighed <2500 gm at birth and were included 
in the study: 7231 weighed 500 to 1500 gm and 8952 
weighed 1500 to 2500 gm. To be counted as a survivor, 
an infant had to survive the period of neonatal intensive 
care and subsequent hospitalization in a step-down fa- 
cility or in the referring hospital. Descriptive statistics 
appear in Table I. l 

Statistical methods. Observed survival rates were an- 
alyzed with log linear regression models. These models 
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Fig. 1. Curve showing estimated probability of survival by birth weight, with 50 gm increments from 
500 gm to 1500 gm. Each point is plotted midway through its birth weight interval. For example, 
the point for infants weighing 500 to 550 gm is plotted at 525 gm. Subsample sizes are shown in 


Table II. 


Table I. Clinical description of low-birth-weight sample 









Birth weight categories 





1500-2500 gm (n = 8952) 


<1500 gm (n = 7231) f 
Descriptor (% of sample) ` (% of sample) 

Delivery information i S a 

Male/female » 51/49 55/45 

Black/ white : 52/48 43/57 

Small for gestational age 11 9 

1 min Apgar score <6 69 42 

5 min Apgar score <6 42 16 

Vaginal/cesarean delivery 60/40 60/40 

Inborn/transported 68/32 69/31 
Procedures 

Major surgery’ 4 

Assisted ventilation 33 


were chosen because curves constructed with log linear 
regression methods have been demonstrated to fit sur- 
vival data better than those constructed with logistic 
regression.” A model was used to fit curves to the ob- 
served proportions of survival for 50 gm increments 
from 500 to 1500 gm and another (similar) model to 
fit survival curves for the increments from 1500 to 2500 
gm. These models were specified to yield a survival 
probability curve for each race-by-sex combination: 
black females, black males, white females; and white 
males. j 


Results 

The data demonstrated significant effects of birth 
weight on survival from 500 to 1500 gm, with the prob- 
ability of survival increasing until 1500 gm was reached 


(Fig. 1). Sex and race also affected survival significantly 
(Fig. 2). At any given birth weight up to 1500 gm, 
survival rates were better for females than for males, 
reaching.a maximum difference of 10 to 14 percentage 
points between 500 and 1100 gm. A similar pattern 
emerged for blacks and whites, although white survival 
was greater at the lowest birth weights (500 to 650 gm). 
Improved survival rates for black infants emerged at 
650 gm; with a maximum difference of 6 to 7 percent- 
age points between blacks and whites reached between 
800 and 1250 gm. The differences between males and 
females were the same for blacks and whites over all 
birth weights. . 

Analyses of data for infants who were inborn versus 
those who were transported showed no significant 
survival differences. F urthermore, no statistically 
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Fig. 2, Comparison of survival data for low-birth- -weight infants by race, sex, and birth weight, with 
50 gm increments from 500 to 1500 gm. Each point is plotted midway through its birth weight 
interval. For example, the point for infants weighing 500 to 550 gm is plotted at 525 gm. A measure 
of goodness of fit of these curves, analogous to the usual R? coefficient," was 0.97. 


Table II. Subsample size for each birth weight 
category, 500 to 1500 gm 


Category Birth weight category Sample size 

No. (gm) (N) 
l 500-550 132 
2 550-600 198 
3 600-650 229 
4 650-700 274 
5 700-750 317 
6 750-800 344 
7 800-850 323 
8 850-900 349 
9 900-950 354 
10 950-1000 493 
ll 1000-1050 369 
12 1050-1100 425 
13 1100-1150 387 
14 1150-1200 472 
15 1200-1250 421 
16 1250-1300 486 
17 1300-1350 410 
18 1350-1400 549 
19 1400-1450 506 


20 1450-1500 565 


significant interactions were found, between in- 
born/transport status and race, sex, or birth weight 
category. 

Infants weighing 1500 to 2500 gm at birth were not 
significantly affected by birth weight, race, or sex, or 
their interactions. Survival in these infants was nearly 
constant (approximately 94.5%) across all combinations 
of variables. 

Equation for probability of survival. Equations were 
derived for the fitted model for each race-by-sex com- 


bination to predict probability of survival for infants 
weighing =1500 gm at birth. 


Black females: 

Log (Pa) = 0.0548 — 0.1702 BWC 
Black males: 

Log (Pa) = 0.1293 — 0.1348 BWC 
White females: 

Log (Pa) = —0.0261 — 0.1352 BWC 
White males: 

Log (Pa) = 0.0484 — 0.1098 BWC 


where BWC = birth weight group (for example, 
1 = 500 to 550 gm, 2 = 550 to 600 gm, etc., to 
20 = 1450 to 1500 gm) (Table II) and P,, = probability 
of death before hospital discharge. 


Probability of survival = 1 — e's?™ 


Examples. A black female weighing 1215 gm is ad- 
mitted to the neonatal intensive care unit on the same 
day as a white male weighing 1240 gm. Their proba- 
bilities of survival are calculated below: 


Black female: Log (Pm) = 0.0548 — 0.1702 x 15 
0.0548 — 2.5531 


i 


li 


= —2,4983 
Probability of survival = 1 — e8 m 
— 1 aie el 2.4983) 
= 0.92 


White male: Log (Pm) = 0.0484 ~ 0.1098 x 15 
0.0484 — 1.6464 


1 


= — 1.5980 
Probability of survival = 1 =~ e'°8?y 
= J — etn 15980) 
= 0.80 
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Comment 


Previous analyses of neonatal survival that were | 


based on birth weight used broad, arbitrarily defined 
groups, such as 750 to 1000 gm, 1000 to 1500 gm, etc. 
Although these birth weight ranges have been dictated 
by some clinical rationale, their predictive value has 
been limited by the obvious differences in survival out- 
look for infants at the high and low ends of the ranges. 
In the 1000 to 1500 gm category, for example, an infant 
weighing 1000 gm has about a 75% chance of surviving, 
whereas one weighing 1500 gm has almost a 95% 
chance. The continuous curves produced by this sta- 
tistical model permit estimation of the probability of 
survival for infants with birth weights between 500 and 
2500 gm. If the curves are used to estimate survival 
probability prenatally with ultrasonographic data, pos- 
sible measurement error must be taken into consider- 
ation. 

A refinement of our model is its breakdown by sex 
and race. This division is critical to the accuracy of the 
model as a predictive tool. Our continuous curves de- 
scribing neonatal survival demonstrate that race and 
sex effects are important. For example, at 1025 gm, 
68% of white males survive compared with 84% of black 
females. The accuracy of survival estimates improves 
with the use of race-by-sex descriptors, i.e., black fe- 
male, black male, white female, and white male. 

The differences in infant mortality between blacks 
and whites have gained increasing attention.’ ° Data 
show that infant deaths are twice as high among blacks 
(18 deaths per 1000 live births, compared with only 9 
per 1000 births for whites). During the neonatal pe- 
riod, mortality figures are approximately 12 deaths per 
1000 for blacks and 7 deaths per 1000 for whites."* The 
latter discrepancy can be explained primarily by the 
fact that blacks have twice the incidence of low birth 
weight as whites, a condition that carries a high mor- 
tality. Black infants weighing <2500 gm at birth have 
been found to have higher survival rates than white 
infants in this weight range.’* In our study survival of 
black infants between 650 and 1500 gm was consistently 
higher than that of whites, reaching a difference of 6 
to 7 percentage points between 800 and 1250 gm. Con- 
sequently, further reductions in neonatal mortality for 
the black population will probably depend on programs 
that lower the incidence of prematurity.’* " 

Race and sex had no significant effects on survival 
for infants weighing > 1500 gm at birth. At this weight, 
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the survival curves for black females, black males, white 
females, and white males admitted to the neonatal in- 
tensive care unit converged to the same ceiling, ap- 
proximately 95% survival. Increases in birth weight 
>1500 gm had no significant effect on survival. These 
results suggest that the conventional clustering of in- 
fants weighing 1500 to 2500 gm into a single birth 
weight category is useful prognostically for babies in 
the neonatal intensive care unit. However, for infants 
weighing <1500 gm at birth a more detailed descrip- 
tion by race, sex, and birth weight is desirable. 


We thank Barbara G. Cox, Biomedical Editor, for 
her assistance in the preparation of the paper. 
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Effects of maternal hyperoxia on the biophysical assessment of 
fetuses with suspected intrauterine growth retardation 


David A. Ruedrich, MD, Lawrence D. Devoe, MD, and Nancy Searle, BA 


Augusta, Georgia 


Fifty-two third-irimester fetuses with suspected intrauterine growth retardation were studied by means of a 
computer-assisted biophysical assessment scheme, whick used maternal hyperoxia as a diagnostic probe. 
Biophysical data examined included percentage of time spent in breathing, mean breath rate, and 
percentage of time spent in body movement during a 90-minute observation: 30-minute baseline, 
15-minute hyperoxia, and 45-minute posthyperoxia. Mean baseline movement in fetuses faund as 
neonates to have intrauterine growth retardation (N = 18) was significantly lower than that of normal 
fetuses (N = 34). Fetal body movements and breathing movements increased significantly after hyperoxia 
in the intrauterine growih retardation group but not in the normal group. Increases of more than 75% over 
baseline for fetal breathing and more than 250% over baseline for fetal body movements yielded a 
sensitivity of 56%, specificity of 94%, positive predicative value of 88%, and negative predicative value of 
80%. Maternal hyperoxia during biophysical testing may improve the accuracy of detecting intrauterine 


growth retardation. (Am J OpsTeT GYNECOL 1989;161:188-32.) 


Key words: Intrauterine growth retardation, fetal breathing, fetal movement, maternal 


hyperoxia 


Biophysical testing, which includes fetal breathing 
movements and gross body movements, has been ased 
to assess the high-risk fetus.’ Alterations in fetal breath- 
ing or body movement patterns may improve the de- 
tection of intrauterine compromise. Intrauterine 
growth retardation (IUGR) has been associated with 
decreased levels of fetal breathing activity, which may 
be related to fetal hypoxia stemming from placental 
insufficiency.” Earlier reports concerning biophysical 
activities in growth-retarded fetuses have provided in- 
consistent data. Ritchie and Lakhania* proposed that 
maternal oxygen administration, which resulted in ma- 
ternal hyperoxia, might enhance breathing activity of 
growth-retarded fetuses. Maternal hyperoxia has been 
shown to increase fetal capillary Po, during the mtra- 
partum period’; however, normal term fetuses d3 not 
exhibit significant alterations in fetal breathing or 
movement patterns after maternal hyperoxia." 

Because IUGR is a significant perinatal problem, ac- 
curate detection of this condition is important for an- 
tenatal management. The purpose of this study was 
to determine whether growth-retarded fetuses Jdem- 
onstrated predictable alterations in their biophysi- 
cal behavior after maternal hyperoxia. If diagnostic 
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thresholds for such alterations in breathing or body 
movement incidence existed, discrimination of growth- 
retarded fetuses from normal fetuses might then be 
improved. 


Material and methods 


Fifty-two third-trimester fetuses suspected of IUGR 
and whose mothers received care at the Medical College 
of Georgia Hospital and Clinics were included in 
the study. Abnormal ultrasonographic growth curves, 
head-to-abdomen circumference ratios, or estimated 
fetal weight below the tenth percentile for gestational 
age served as a basis for inclusion in this study. All 
fetuses had gestational age previously established by 
clinical dating with ultrasonographic corroboration be- 
fore the twentieth week of gestation, were singletons, 
and had no congenital anomalies. No pregnancy was 
complicated by glucose intolerance. 

Informed consent was obtained from each mother 
before the performance of each study (investigation 
protocol approved by the Human Assurance Review 
Committee). Each study was conducted under stan- 
dardized conditions that began 2 hours postprandial, 
between 8:30 and 10:30 AM. Smoking was not permit- 
ted for 12 hours before the study, and subjects ab- 
stained from central nervous system depressants or 
stimulants. Observations were made in a quiet room 
with the patient in a semirecumbent position. Each 
study lasted 90 minutes: a 30-minute baseline control 
period, a 15-minute period of maternal hyperoxia, and 
a 45-minute posthyperoxia observation period. Mater- 
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Fig. 1. Fetal breathing movements before and after maternal hyperoxia. Fetal breathing increased 
significantly in IUGR group during supplemental maternal oxygen administration (time = 30 


minutes). 


Table I. Characteristics of study population 


IUGR Normal 
(n = 18) (n = 34) 


Fetal weight (gm) 2278 + 370 
Placental weight (gm) 482 + 107 
Fetal weight: placental weight 0.68 + 0.03 
EGA test (wk) 36.5 + 1.9 

EGA delivery (wk) 38.8 + 2.2 

1 min Apgar 7.67 + 1.86 
5 min Apgar 8.89 + 0.31 
TcPo, (mm Hg; 50% Fio,) 114 + 20.5 


Results presented as means + standard deviations. 


p value 

2894 + 514 <0.0001 
538 + 110 NS 
0.70 + 0.03 NS 
36.4 + 3.0 NS 
38.5 + 2.2 NS 
7.82 + 1.40 NS 
8.94 + 0.42 NS 
116 + 17.6 NS 





EGA, Estimated gestational age; TcPo,, transcutaneous oxygen pressure; Fid,, fraction of inspired oxygen. 


nal hyperoxia was established by means of a 50% con- 
centration of inspired oxygen delivered by Venturi 
mask and documented with a Novametrix 818 contin- 
uous transcutaneous oxygen (TcPo,) monitor. With this 
technique, maternal hyperoxia was promptly estab- 
lished in each case within 5 minutes of oxygen admin- 
istration. 

Observation of fetal breathing and movement was 
performed with an ATL 4000 linear array real-time 
ultrasound scanner operating at 3.5 MHz. A sagittal 
view of the fetal thorax and abdomen was obtained for 
optimal observation of fetal breathing and trunk 
flexion-extension movements. These data were entered 
via a remote event marker into an IBM XT microcom- 
puter (512 K RAM) with specially designed software. 
This system has been previously described.® 


Each infant was evaluated at delivery by a neonatol- 
ogist for the presence of IUGR. Infants were grouped 
into IUGR or normal growth categories on the basis of 
an institutional nomogram, with the tenth percentile 
for weight according to gestational age as the discrim- 
ination point. Apgar scored at | and 5 minutes and 
abnormal intrapartum and neonatal outcomes were re- 
corded. 

Analysis of fetal breathing and body movement in- 
cidences (percentage of time spent in activity) and fetal 
breathing rates were performed off-line for each 15- 
minute interval of study. The two 15-minute baseline 
(30 minutes total) segments were grouped together for 
purposes of comparison. Statistical analysis used in- 
cluded Student é tests for comparing IUGR with normal 
fetuses and analysis of variance to examine alterations 
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Fig. 2. Fetal breath rates before, during, and after maternal hyperoxia (given at time = 30 minutes). 


No significant alterations were observed. 


of biophysical parameters within each group. A p value 
of <0.05 was considered significant. 


Results 


Eighteen cf the 52 fetuses (34.6%) were growth re- 
tarded according to institutional criteria. Characteris- 
tics concerning gestational age at the time of study and 
delivery, as well as birth weight and Apgar scores for 
IUGR and normal fetuses, are shown in Table I. Both 
groups were similar in all characteristics except for 
mean birth weight, which was significantly lower, as 
expected, in the IUGR group. No perinatal deaths or 
significant neonatal morbidity occurred in either 
group. 

Observation of fetal breathing movements yielded 
similar mean incidences of breathing activity for both 
groups during the baseline period. Mean fetal breath- 
ing movement incidence appeared to increase in both 
groups during the hyperoxia interval, but was signifi- 
cantly elevated over baseline values (p < 0.05) in the 
IUGR group alone (Fig. 1). Mean fetal breathing in- 
cidence decreased rapidly in the IUGR group and was 
significantly lower in the IUGR group during the final 
15-minute period when compared with normal fetuses 
(p < 0.05). Mean fetal breathing rates were similar for 
both groups and were unchanged during and after 
hyperoxia (Fig. 2). Biophysical parameter alterations 
appeared to be unrelated to the transcutaneous oxygen 
levels achieved. 

Baseline mean fetal body movement incidence was 
significantly lower in fetuses with IUGR when com- 


pared with the normal group (p < 0.05). After mater- 
nal hyperoxia, mean fetal body movement incidence 
increased significantly in the IUGR group (p < 0.02), 


„achieving a maximal level at 30 minute after hyperoxia 


(Fig. 3). This alteration in the incidence of body 
movements was not observed in the normal group of 
fetuses. 

Analysis of these data with receiver-operating char- 
acteristic plots yielded optimal discrimination points for 
both fetal breathing and body movement responses af- 
ter maternal hyperoxia. Using an increase of more than 
75% over mean baseline fetal >reathing incidence and 
an increase of more than 250% over mean baseline fetal 
movement incidence, sensitivity was 56% (10 of 18); 
specificity, 94% (32 of 34); positive predictive value, 


_ 83% (10 of 12); and negative predictive value, 80% (32 


of 40). Grouping the IUGR fetuses according to sub- 
type (symmetric or asymmetric) did not improve these 
diagnostic values. 

Comparison between the IUGR and nonIUGR 
groups on the basis of fetal weight showed that pla- 
cental weight ratio also failed to show a difference. 
Assessment of amniotic fluid pockets did not show that 
fetuses in either group had maximal pocket dimensions 
of less than 2 cm by 2 cm. 


Comment 

The detection and antenatal evaluation of fetuses 
with IUGR continues to present a problem for obste- 
tricians. Efforts at screening for IUGR, regardless of 
method, yield maximum sensitivities of only 60% to 
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Fig. 3. Fetal body movements before, during, and after maternal hyperoxia (given at time = 30 
minutes). Baseline fetal movement was significantly lower (p < 0.05) in IUGR group and increased 


significantly (p < 0.02) after hyperoxia period. 


70% and specificities of approximately 90%.’ Doppler 
flow velocimetry of umbilical artery blood flow provides 
improved sensitivity for the detection of IUGR.* How- 
ever, this approach is associated with an increase jn 
false-positive rates, thus requiring antenatal testing of 
many normal fetuses. The contraction stress test, re- 
garded as a vigorous assessment of placental respira- 
tory reserve, is usually reassuring in the presence of 
IUGR.° The nonstress test may also fail to reveal the 
elevated risk status of these fetuses.’ 

` Biophysical testing, which provides the additional pa- 
rameters of fetal breathing and movement, as well as 
amniotic fluid volume, has been shown to be beneficial 
in assessing the fetus with IUGR, particularly through 
its detection of oligohydramnios."' Investigations of fe- 
tal breathing activity in fetuses with IUGR have had 
conflictual results either because of small study popu- 
lations or lack of standardized study conditions. Tru- 
dinger et al? demonstrated that approximately 55% of 


fetuses with IUGR exhibited a decrease in fetal breath- ' 


ing activity after glucose loading, whereas the remain- 
der showed an increase in fetal breathing. In a study 
of fetal breathing and behavioral states, van Vliet? 
et al. reported a decrease in breathing incidence in 
growth-retarded fetuses, whereas fetal movement was 
reported to be within or just below the expected norm. 
The maternal administration of oxygen as a potential 
diagnostic probe for placental respiratory function is 
based on previous observations of the biophysical 
effects of fetal hypoxia in chronic animal models. 


Bissonette® reported that fetal lambs exhibited more 
frequent apneic episodes when acute fetal hypoxia was 
induced. Martin et al.“ reported similar data using rhe- 
sus monkeys. These effects probably resulted from an 
increase in high-voltage electrocortical activity and 
suppression of spinal reflexes. Clinical studies regard- 
ing the effects of maternal hyperoxia in pregnancy have 
demonstrated that fetal breathing movement and fetal 
movement are unaffected in normal third-trimester fe- 
tuses,” > whereas breathing movements may be in- 
creased in growth-retarded fetuses.* © The present 
study suggests that maternal hyperoxia is associated 
with significant increases in fetal breathing and body 
movement incidences in most fetuses with growth re- 
tardation. These changes in fetal activity do not occur 
uniformly and appear to be transient. The observed 
increases in these fetal activities, which follow maternal 
hyperoxia, are particularly dramatic when compared 
with those observed in normal fetuses. When IUGR 
results from chronic placental insufficiency, it is often 
associated with a redistribution of cardiac output to 
maintain substrate and oxygen supply to vital fetal sys- 
tems, that is, brain, heart, and adrenal glands. It follows 
that reductions in fetal breathing and trunk movements 
may conserve energy and decrease oxygen require- 
ments. Fetal responses to increased environmental oxy- 
gen may vary according to several preexisting condi- 
tions, such as the relative level of hypoxia and metabolic 
balance and the integrity of central regulatory mech- 
anisms. Fetal biophysical responses to supplemental 
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oxygen may also be related to the severity of growth 
retardation, its duration, and its origin, since not all 
such cases result from placental respiratory insuffi- 
ciency or are evident at the time of initial assessment. 

Direct, noninvasive measurement of fetal oxygen 
levels is not presently possible; therefore interpretation 
of the results of this study are subject to certain limi- 
tations. Although the study sample is relatively small, 
the length of observation and the standardization of 
study conditions. support the conclusion that these ob- 
served changes in biophysical activity were not likely to 
represent fetal state alterations. In addition, these find- 
ings are in general agreement with those previously 
reported by Ritchie and Lakhania? and Dornan and 
Ritchie. Finally, fetal gestational ages were confined 
to the late third-trimester to avoid potential differences 
caused by maturational influences on control mecha- 
nisms of the central nervous system. 

Our observation that maternal oxygen administra- 
„tion is associated with increased fetal breathing and 
body movement incidences in most fetuses with IUGR 
suggests that this maneuver may be a promising tool 
for intrauterine evaluation. A prospective clinical trial, 
using this approach on a larger randomized population 
sample, would be necessary to determine its applica- 
bility for obstetric management. 
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3rowth of the fetal radius was examined ultrasonographically in a prospective cross-sectional study of 290 
vhite and 63 black patients between 12 and 43 weeks’ gestation. The mean of radius length and 95% 
yredictive intervals were calculated for each week. The most efficient description of the data was given by 
1 simple log-linear model. The slopes for the white and black study groups estimated were distinctly 
fitferent. Consequently, a single equation was estimated that considers race when assessing gestational 


age from radius length. (Am J Osstet Gyneco 1989;161:193-9.) 


Key words: Fetal radius, gestational age assessment, ultrasonography, race 


Queenan et al' were among the first to suggest the 
use of long bone lengths to determine fetal age. They 
found the measurement of the femur to be the most 
readily reproducible. The radius and ulna were mea- 
sured as a complex. Because the ulna extends further 
into the elbow than the radius, the inability to separate 
and measure the same long bone of the forearm would 
invariably lead to errors in gestational age assessment. 
Recently, two European studies” * reported their ex- 
perience with radius length to assess gestational age. 

The possible effect of race on fetal long bone length 
has not been properly assessed. Although a few stud- 
iest? failed to find a difference in femur length between 
blacks and whites, a complete evaluation extending 
throughout gestation has not yet been published. 

The purpose of our investigation was twofold: to 
establish appropriate standards for fetal radius length 
and menstrual age in a white population within the 
United States, and to compare the results obtained with 
a similar formula devised for blacks. 


Material and methods 


The study group consisted of 290 white and 63 
black women. Each patient had to meet the following 
pregnancy-dating criteria before admission into the 
study: regular menses, an accurate date of the last men- 
strual period, a positive pregnancy test by 7 weeks’ ges- 
tation, and a pelvic examination by 8 weeks’ gestation. 
Patients with diseases known to affect fetal growth (e.g., 
diabetes mellitus) were excluded. Patients with multiple 
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Fig. 1. Radius and ulna at 23 weeks’ gestation. 


gestations were also excluded. The gestational ages of 
the study population ranged from 12 to 43 weeks. All 
neonates were 210th percentile for weight at the unre 
of delivery? 

The ultrasonographic measurements of the length 
of the fetal radius were made with a commercial linear: 
array real-time system with a 3.5 MHz transducer at a 
focal zone of 5 to 12 cm. Both ends of the radius had 
to be identified distinctly from the ulna before an image 
was obtained (Fig. 1}. We found the radius only slightly 
more difficult to image than the femur despite its 
greater range of motion, All measurements were taken 
with electronic calipers calibrated to the velocity of 
sound in tissue of 1540 m/sec. 


Statistical analysis 

Statistical analyses were conducted using the Minitab 
statistical software package on VAX 11/750 and DEC 
20 computers. Data were evaluated imstages. 

First, the means and SDs of radius length for each 
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gestational age were calculated. These results were then 
plotted to assess the nature of the relationship (linear, 
curvilinear) between gestational age and radius length. 
Second, alternative regression equations (linear, 
quadratic, log-linear) relating gestational age to radius 
length were estimated. In comparing these equations, 
-we sought the simplest expression in which all estimated 
coefficients were significantly different from zero and 
_ in which there was the highest coefficient of determi- 
<: nation and lowest residual SD. 
Third, the best regression equation was estimated 
separately for whites and blacks. Differences between 
the estimates for whites and blacks were then system- 
atically evaluated. 


Results 
The relation between gestational age and radius 
length for the 290 white subjects is plotted in Fig. 2. 
Estimates of five alternative regression equations fit to 
these data are presented in Table I, 

Fig. | shows that the relation between gestational age 
and radius length is slightly curvilinear. Although a 
linear model (equation 1, Table I) explains the data 
well (R? = 0.945), the squared term of a quadratic 
model (equation 2, Table T) appears with a significant 

coefficient and the R? value i improves slightly. A cubic 
term (equation 3) was statistically significant, but at the 
expense of the linear term. Its inclusion did not im- 
prove the overall explanatory power of the model. 
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Fig. 3. Residual plot for log, transformation of gestational age: 
(model IV) and on log, of radius length. The numbers indicate 
the number of observations at a specific point. 


The most efficient description of the data was pro- 
vided by a simple log-linear model (equation 4). This 
equation maximized R’, using only one predictor vari- 
able that was highly significant, Moreover, an increasé 
in variability seen on residual plots for equations 1, 2, 
and 3 (not shown) was not evident with equation 4 (Fig. 
3). The addition of a quadratic term to equation 4 (i.e, 
equation 5) did not improve its fit. 

Thus, for the 290 white subjects, the estimated. 
regression equation was: 


= 2.424 + 0.226 (Radius 
length) 


Log. (Gestational age) 


When a similar analysis was conducted for the 63- 
black subjects, the log-linear equation was also found 
to provide the best fit of the data, but the coefficient 
estimates were somewhat different: 


Log, (Gestational age) = 2.427 + 0.219 (Radius 
length) 


Four models were developed. to compare the 
regression equations for white and black subjects: 
Model I: General. The slope and the BT for the” 
two equations are different. : 
Model H: Parallel regression: In this. model fox loge 
gestational age, the slope parameters for radius for the 
two populations are the same, but the intercepts are 
different. : 
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Table L Estimated regression equations for white subjects (V = 290) 





Coefficients for independent variablest 















Dependent 
variable* 





“Equation 
No. 









Constant Radius Radius’ Radius’ 


I Age 6.16 5.61 0.945 
(21.13) (70.54) 

2 Age 11.13 2.29 0.49 0.954 
(15.95) (5.26) (7.71) 

3 Age 15.23 ~ 1.92 1.79 ~0.12 0.955 

8.72 (1.13) 3.48 (~ 2.56) 

4 Log,{age) 2.42 0.23 0.961 
247.48 (84.78) 

5 Log.(age) 2.39 0.25 ~ 0.004 0.961 





*Age is gestational age in weeks. 
+t Statistics for corresponding estimated coefficients are shown in parentheses. 


Table II. Summary of models that compare black and white subjects* 
Model TI 











Model IH Model IV 





Variable 







2.424 (282.17) 2.425 (278.86) 


Intercept, all _ — 
subjects 

Radius, all — 
subjects 

Intercept, 
whites 

Intercept, 
blacks 

Radius, 
whites 

Radius, 
blacks 

Error [SD] 0.052 0.052 0.052 0.053 

Residual 0.956 0.960 0.956 0.983 
sum of 
squares 

Degrees of 349 350 350 351 
freedom 


0.224 (95.88) a 0.224 (94.88) 


2.427 (126.68) 2.408 (229.14) — = 
2.424 (251.69) 2.429 (279.25) — — 
0.219 (42.50) ~ 0.219 (78.44) — 


0.226 (86.02) ~~ 0.226 (95.12) — 








*f Statistics for the corresponding estimated coefficient are shown in parentheses. 


Model HI: Concurrent regression. In this model, the 
intercepts are equal, but the slopes are different 
(Fig. 4). 

< Model IV: Coincident regression. The regression equa- 
tions for the two populations are the same. This sug- 
gests that the same equation may be used to define the 
study groups. 

Table II summarizes the estimate for the four alter- 
native models. The plausibility of models H, HI, and 
IV were tested against the general model (model I) by 
using the F test. For our data, the F statistics were as 
follows: 


Model II versus model I: F = 1.46 (p > 0.10) 

Model ILI versus model I: F = 0.09 (p > 0.10) 

Model IV versus model 1; F = 4.95 (0.005 < 
p =< 0.01) 


From these analyses, we concluded that models IT... 
and IH were as good as the least restrictive model, 
model I (i.e., the F statistics were not statistically signif- 
icant). Because model I was statistically different from 
model IV (coincident regression model), the latter can- 
not be utilized to explain the relationship between ra- 
dius length and gestational age for both populations. 
Models H and HI were then compared with model IV: 

Model IV versus model II: F = 8.43 (0.001 < 
p < 0.005) 

Model IV versus model III: F = 9.83 (0.001 < 
p< 0.005) 

Thus models II and IHI were better than model IV: 
Because model IH not only had a larger F statistic, but 
also a smaller error of variance (Table Fj; we chose 
model III as the best single equation for the prediction 
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Table} m. Gestational age and 95% prediction intervals for radius length ina white population (values for 


blacks i in Parentheses) 


0.6 11.7 (12.3) 
0.7 11.9 (12.6) 
0.8 12.2 (12.9) 
0.9 12.5 (13.1) 
12,7 (13.4) 
13.0 (13.7) 
13.3 (14.0) 
13.6 (14.3) 
13.9 (14.7) 
14.3 (15.0) 
14.6 (15.3) 
14.9 (15.7) 
15.3 (16.0) 
15.6 (16.4) 
16.0 (16.7) 
16.3 (17.1) 
16.7 (17.5) 
17.1 (17.8) 
17.5 (18.2) 
17.9 (18.6) 
18.3 (19.1) 
18.7 (19.5) 
19.1 (19.6) 
19.6 (20.3) 
20.0 (20.8) 
20.5 (21.3) 
20.9 (21.7) 
21.4 (22.9) 
21.9 (22.7) 
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22.4 (23.2) 
22.9 (23.7) 
23.5 (24.2) 
24.0 (24.8) 
24.5 (25.3) 
25.1 (25.9) 
25.7 (26.5) 
26.3 (27.0) 
4.3 26.9 (27.6) 
4.4 27.5 (28.2) 
4.5 28.1 (28.9) 
4.6 28.7 (29.5) 
4.7 29.4 (30.2) 
4.8 30.1 (30.8) 
4.9 30.7 (31.5) 
5.0 31.4 (32.2) 
5.1 32.2 (32.9) 
5.2 32.9 (33.6) 
5.3 33.6 (34.4) 
5.4 34.4 (35.1) 
5.5 35.2 (35.9) 
5.6 36.0 (36.7) 
5.7 36.8 (37.5) 
5.8 — (38.3) 


A gestational age from radius length for both popu- 
lations: 


‘Log (Gestational age) = 2.424 + 0.220 (Radius: 
i black) + 0.226 (Radius: white) 


In the above equation, a zero should be used for “ra- 
dius: white” when a black patient is evaluated, and vice 
<o versa. Radius length i is measured in centimeters. 





12.9 (12.9) 14,3 (13.6) 
13.2 (13.2) 14.6 (13.9) 
13.5 (13.5) 15.0 (14.2) 
13.8 (13.8) 15.4 (14.5) 
14.2 (14.1) 15.7 (14.8) 
14.5 (14.4) 16.1 (15.1) 
14.8 (14.7) 16.4. (15.5) 
15.1 (15.1) 16.8 (15.8) 
15.5 (15.4) 17.2 (16.2) 
15.8 (15.7) 17.6 (16.5) 
16.2 (16.1) 18.0 (16.9) 
16.6 (16.4) 18.4 (17,2) 
17.0 (16.8) 18.8 (17.6) 
17.3 (17.2) 19.3 (18.0) 
17.7 (17.5) 19.7 (18.4) 
18.1 (17.9) 20.1 (18.8) 
18.6 (18.3) 20.6 (19.3) 
19.0 (18.7) 21.0 (19.7) 
19.4 (19.2) 21.5 (20.1) 
19.9 (19.6) 22.0 (20.6) 
20.3 (20.0) 22.5 (21.0) 
20.8 (20.5) 23.1 (21.5) 
21.2 (20.9) 23.5 (22.0) 
21.7 (21.4) 24.1 (22.4) 
22.2 (21.9) 24.7 (22.9) 
22.7 (22.3) 25.2 (23.4) 
23.2 (22.8) 25.8 (24.0) 
23.8 (23.3) 26.4 (24.5) 
24.3 (23.8) 27.0 (25.0) 
24.9 (24.4) 27.6 (25.6) 
25.5 (24.9) 28.3 (26.2) 
26.0 (25.5) 28.9 (26.7) 
26.6 (26.0) 29.6 (27.3) 
27.2 (26.6) 30.2 (27.9) 
27.9 (27.2) 30.9 (28.6) 
28.5 (27.8) 31.6 (29.2) 
29.1 (28.4) 32.4 (29.8) 
29.8 (29.0) 33.1 (30.5) 
30.5 (29.7) 33.9 (31.2) 
31.2 (30.3) 34.6 (31.9) 
31.9 (31.0) 35.4 (32.6) 
32.6 (31.7) 36.2 (33.3) 
33.4 (32.4) 37.1 (34.0) 
34.1 (33.1) 37.9 (34.8) 
34.9 (33.8) 38.8 (35.5) 
35.7 (34.6) 39.7 (36.3) 
36.5 (35.3) 40.5 (37.1) 
37.4 (36.1) 41.5 (38.0) 
38.2 (36.9) 42.5 (38.8) 
39.1 (37.7) 43.4 (39.7) 
40.0 (38.6) 44.4 (40.5) 
40.9 (39.4) 45.4 (41.4) 

— (40.3) —(42.4) 








In model III there is concurrence of the two: popu- 
lations at a radius length equal to zero, which corre- 
sponds to a gestational age of 11 weeks. Before 1] 
weeks’ gestation, the radius cannot be reliably identified 
and measured. The coefficient of determination for ys 
model III is 96.3%. 


The lower and- upper limits of the 95% prediction | ee 


intervals for gestational age when radius length and 
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Table IV. Mean and SD of the residuals for 
“each technician (subset of 290 white patients) 












Technician 





No. of Measurements 


l 22 0.28 1.45 
2 67 -0.16 0.97 
3 68 0.15 1.00 
4 24 -0.29 0.50 
5 63 -0.05 0.87 
6 10 0.10 1.14 
7 36 0.19 1.12 





maternal race are known (values for blacks are given 
in parentheses) are listed in Table HI. 

To test for the existence of technician effect, stan- 
“dardized residuals from the fitted line (model IV} for 
‘the subset of 290 white patients were used. Table IV 
‘shows the number of measurements taken by each tech- 
nician, the mean, and SD of the residuals. One-way 
analysis of variance yielded an F ratio of 1.14, which is 
not significant. Hence the interobserver effect on the 

measurements obtained was insignificant. The intraob- 
server difference for measuring 27 radial lengths twice 
a day was almost always within a range of +1 mm. 


Comment 


Several investigators have derived gestational age 
from long bone length.'*"" Initially, attention was fo- 
cused on the fetal femur. Its size, absence of interfering 
< anatomic structures, and the inherently smaller range 
~ of motion of the proximal as opposed to the distal long 
bones allow the femur to be measured quite easily. With 
improvement in the resolution of real-time equip- 
ment, finer fetal anatomic detail can now be appreci- 
ated. Hence the radius and ulna may be differenti- 
ated, whereas in the past they were measured as a 
“complex.” 

Since our study began, three groups** '' have re- 
ported their results of gestational age assessment by 
radius length. Table V compares the results from these 
three studies and our investigation; the majority of ra- 
dius lengths are within a 2-mm range. 

In 1984, Jeanty et al’ published their results with 
2 respect to the humerus, ulna, and tibia. A linear quad- 
ratic regression was used to predict gestational age. In 
Table VI, the results of their study are compared with 
our investigation. It can be seen that the use of radius 
length as a predictor of fetal age leads to a better fit, 
even for the linear quadratic model. The variability for 
gestational age determination from the femur length 
“and radius length (Table VII) is identical. 
Several studies that evaluated femur length,’ *" and 
our assessment of radius length, concluded that vari- 
ance increases with the size of the long bone measure- 
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Fig. 4. The concurrent regression model has different slopes 
but the same intercept. 


ment. However, Jeanty et al.’ claimed that the error 
variance of the linear quadratic model did not increase 
with increasing lengths of the long bone. This condu- 
sion was based on their use of the Bartlett test to assess 
significance. As emphasized by Warda et al.,'" this was 
not the best test to use for their purpose because of an 
inadequate sample size at each week of gestation (ap- 


proximately 23 measurements per week). Hence thesis 


results obtained by Jeanty et al” may not have been 
reliable. Our results concur with the findings of Warda 
et al. with respect to femur length; i.e., log. transfor- 
mation of gestational age should be used to reduce the 
systematic variability discovered on the residual plot. 
Although several technicians were involved in the 
accumulation of the data, there were no significant in- 
terobserver differences in the results. This indicates 
that the landmarks for delineating the ends of the ra- 
dius were readily reproducible between observers. 
Scammon and Calkins" established the classic an- 
thropometric interrelationships and the relationship 
between anthropometric variables and gestational age. 
Specifically, with respect to fetal skeletal maturity, Garn 
et al.’ and others have shown that the female fetus 
reaches a given stage of development at an earlier age 
than the male. Black infants tend to be shorter than 
white infants of the same gestational age. Miller and 
Merritt found that crown-heel lengths are affected not 
only by race, gestational age, and fetal sex but also by 
maternal height and, to a slight degree, parity. The 
differences noted in our investigation are merely an 
extension of the neonatal data accrued by others." 
Sabbagha et al.’ compared the difference between 
the biparietal diameters from 107 white and 91 black: 
normal pregnant women. Only minor differences (up 
to 2 mm after 30 weeks’ gestation) were noted. When 
the length of the femur was assessed in racially dissim- 
ilar populations, a slight difference was found. How- 
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Table V. Comparison of radius length at different menstrual ages 
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M énstrual 
age (wk) 





25 3.6 3.5 
26 3.8 3.6 
27 3.9 3.7 
28 4.1 3.9 
29 4,2 4.0 
30 4.5 4.1 
31 4.6 4.2 
32 4.7 4.4 
33 4.9 4.5 
34 5.0 4.7 
35 5.1 4.8 
36 5.2 4.9 
37 5.3 5.1 
38 5.3 5.1 
39 5.4 5.3 
40 3.6 5.3 
41 5.6 5.6 






Merz et al? 







Elejalde 
and 


de Elejalde” 






Current study 









3.3 3.5 
3.4 3.7 
3.7 3.9 
3.8 4.0 
4.1 4.2 
4.2 4.3 
44 4.5 
4.5 4.6 
4.6 4.7 
4.8 4.9 
5.0 5.0 
5.2 5.1 
5.3 5.2 
5.4 5.4 
5.6 5.5 
5.8 5.6 
_ 5.7 





Table VI. Coefficient of determinations (r) and number of cases in published series of estimation of 


gestational age from fetal long bones 











Long bone 








Model 








No. of cases 





Jeanty et al’ Femur Linear quadratic 0.935 557 
Jeanty et al.” Humerus Linear quadratic 0.921 542 
Jeanty et al.’ Tibia Linear quadratic 0.937 203 
Jeanty et al.” Ulna Linear qvadratic 0.933 196 
Current study Radius Linear quadratic 0.954 290 
Current study Radius Linear log. GA 0.961 290 


GA, Gestational age. 


‘Table VII. Comparison of variability estimates 
for menstrual age determined by femur and 
_ radius length 










Estimated variability (wk) 










Interval Warda Current 
studied et al!” study 
(wh) (femur) (radius) 











12-17.9 1.4-1.9 1.6-1.9 
18-23.9 1.9-2.6 1.9-2.5 
24-29,9 2.6-3.2 2.5-3.2 
30-35.9 3.3-3.9 3.2-3.8 
36-42,0 3.9-4.4 3.8-4.3 





ever, the latter study only compared fetuses up to a 
gestational age of 24 weeks. Similarly, Ruvolo et al.’ 
could not find any differences in gestational age as- 
sessment by femur length in 61 black and 102 white 
patients between 19 and 32 weeks’ gestation. For pur- 
poses of comparison, it is important to note that the 
authors did not extend their study to term. Moreover, 
they did not derive specific gestational age formulas for 


their black and white patients and then evaluate the 
results. They chose to compare their femur length data 
with a previously published chart.’ Evaluation of their 
composite assessment of gestational age in a black pop- 
ulation by Hadlock et al.* suffers from the same design 
flaw. This type of comparison may obscure small dif- 
ferences between populations because groups are com- 
pared with a standard instead of with each other. After 
deriving regression equations for each subpopulation, 
we noted a statistically significant difference in. gesta- 
tional age prediction by radius length for whites and 
blacks—a 10-day difference in gestational age assess- 
ment was noted in the third trimester. Although this 
difference lies below the estimated variability of radius 
length for any gestational age, we feel that this differ- 
ence is significant enough to warrant the incorporation 
of race into the assessment of gestational age utilizing 
radius length. 
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Pregnancy after aortofemoral bypass grafting in a 


diabetic patient 


P. J. Bradley-Watson, FRCS, FRCOG 
Dyfed, Wales 


A case of pregnancy after an aortofemoral bypass graft for atherosclerosis in an insulin-dependent diabetic 


is described. Pregnancy after this type of surgery in a diabetic 
(Am J Opstet Gyneco. 1989;161:200-1.) 


Key words: Pregnancy, diabetes, aortofemoral bypass graft 


Although pregnancy after an aortofemoral bypass 
has been described previously,' I could not find any 
reports of pregnancy with the added complication of 
insulin-dependent diabetes. 


Case history 

The patient was 32 years old and had been an insulin- 
dependent diabetic since the age of 9 years. At the age 
of 20, the patient had her first pregnancy, which was 
complicated by premature normal delivery of a healthy 
2155 gm normal infant at 35 weeks’ gestation. At the 
age of 30, the patient was seen with intermittent clau- 
dication in both legs, but particularly of the left calf. 
She smoked 10 cigarettes a day and there was a family 
history of arterial disease. There were also symptoms 
of peripheral paresthesia, and absent pulses at the fem- 
oral level and below in both lower limbs. 

An aortogram showed a complete block of the aorta 
just. below the level of the renal arteries. The lower 
aorta was very narrow and iliac vessels had thick walls 
and heavy calcification. An aortoendarterectomy and 
end-to-end aortobifemoral bypass graft with a knitted 
Dacron graft were done. Because of the extension of 
the disease, a left renal endarterectomy was also per- 
formed. Histologic study of the specimen confirmed 
atheroma. The patient made a good postoperative re- 
covery and a scan of the abdomen revealed that the 
graft was functioning well. The symptoms greatly im- 
proved with relief of claudication. The femoral pulses 
were good but there were no pulses distal to this. 

In 1988 she was seen in the tenth week of her 
second pregnancy; dates were confirmed by sono- 
graphy. She had not had preconceptual advice. The 
patient was adamant that she wanted to continue the 
pregnancy. 
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patient has not been described previously. 


Throughout the pregnancy her diabetes was moni- 
tored at the joint obstetric-medical clinic with the dia- 
betic specialty nurse in attendance. Blood glucose levels 
were monitored on a home basis with a glucometer; 
the insulin dosage (a combination of Actrapid and Mon- 
otard twice daily) was modified accordingly. A capillary. 
blood glucose series was done in the home on a twice- 
weekly basis to check the accuracy of the glucometer. 
Regular fructosamine levels were studied on all occa- 
sions and were within normal levels; however, the level 
at the inital visit was raised (2.38 nmol/L). The retinas 
were examined during the pregnancy and there were 
no adverse changes. The renal function tests were done 
at the initial visit and were within normal limits. The 
aorta and iliac vessels were examined by ultrasonog- 
raphy at the initial visit and throughout the pregnancy 
and did not alter throughout the pregnancy. The di- 
ameter of the aorta was 18 mm and the iliac vessels 
measured 8 mm in diameter. 

The pregnancy was monitored with the usual clinical 
parameters. The fetal well-being was monitored both 
clinically and by serial ultrasonography. There was no 
evidence of intrauterine growth retardation or diabetic 
macrosomia, either clinically or on ultrasonographic 
scans. From the thirty-fourth week of pregnancy a fetal 
kick chart was kept and was always satisfactory. The 
patient was admitted to the antenatal ward on onlyone 
occasion, at 33 weeks, because of possible decrease in 
fetal movements, but all fetal investigations carried out 
at that time were satisfactory. 

The patient was admitted at 38 weeks. for a planned 
induction of labor because of diabetes. An ultrasono- 
graphic estimation of fetal weight carried out at this 
time was 3.64 kg. Labor was induced with amniotomy 
and intravenous Syntocinon. The first stage of labor 
lasted 3 hours 35 minutes, and the second stage 30 
minutes with normal delivery of a healthy infant weigh- 
ing 3.4 kg. During labor the patient's diabetes was con-— 
trolled with an insulin and dextrose infusion with reg 
ular blood glucose estimations. The infant was observed 
in the special care baby unit for 48 hours and only 
needed early feeding to maintain adequate blood glu- 
cose levels. The patient's puerperium was uneventful, 
and throughout the pregnancy. and puerperium there 
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f were no detrimental symptoms or signs concerning the 
blood supply to the lower limbs and pelvis. 


Comment 


This is an unusual case of a diabetic patient with the 
added complication of an aortofemoral bypass. A preg- 
nancy has been described after aortofemoral bypass, 
but not in a woman with diabetes.’ The blood supply 
to the pelvic organs did not appear to have been com- 
promised enough to cause any degree of intrauterine 
growth retardation, as seen in the previously reported 
case. Weir and Willocks’ reported a case of a pregnancy 
after a right aortofemoral graft for thrombosis asso- 
ciated with intrauterine growth retardation, but that 
case was also complicated by malignant phase hyper- 
tension. 

The problem of possible prophylactic anticoagulant 
a therapy throughout the pregnancy was discussed at the 
- initial antenatal visit. It was decided that no anticoag- 
ulants would be used prophylactically because the pa- 
‘tient had already had a good response after surgery 
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with no complications. In reviewing the literature con- 
cerning pregnancy after aortofemoral grafts, half of 
the patients had anticoagulant therapy. We decided that 
no prophylactic anticoagulants would be used because 
of the added complication of diabetes. Pregnancies 
have been previously reported after coronary artery. 
bypass grafting,” and in this situation prophylactic an- 
ticoagulants were not used. In conclusion, this case 
demonstrates an uncomplicated outcome of a preg- 
nancy complicated by two difficult medical problems in 
which the obstetrician may have advised differently at 
the commencement of the pregnancy. 
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Fentanyl citrate analgesia during labor 


William Rayburn, MD, Anne Rathke, RN, M. Patricia Leuschen, PhD, Jan Chleborad, MD, 
and William Weidner, MD 


Omaha, Nebraska 


Fentanyl citrate is a potent short-acting narcotic reported to cause less nausea and sedation than 
morphine or meperidine hydrochloride. The purpose of this prospective investigation was to determine 
whether a safe but adequate intrapartum dosing schedule is possible. A total of 137 women with 

- uncomplicated term pregnancies were offered a standard intravenous dose (50 meg or 100 meg hourly as 
needed) of fentanyl citrate during active labor. Temporary analgesia and mild sedation were apparent in 
each case. The cumulative dose varied in accordance with maternal needs (mean, 140 + 42 pg; range, 
50 meg to 600 pg). Apart from a brief decrease in fetal heart rate variability that lasted 30 minutes, no 
worrisome. pattern was apparent from exposure to fentanyl citrate. Pediatric examinations were performed 
without knowledge of analgesic therapy on infants exposed to fentanyl citrate and those not exposed to 
anaigesics. No differences were found in frequencies of newborn depressed respirations, low Apgar 
"scores, or neurologic and adaptive capabilities at two hours and 24 hours postnatally. With the use of the 





described dosing schedule, fentany! citrate was helpful during labor and did not cause immediate or 
prolonged hazards to the mother and unborn infant. (Am J OBSTET GYNECOL 1989:161:202-6.) 


Key words: Fentanyl citrate, labor, narcotics 


_ Fentanyl citrate is a synthetic opioid used primarily 
during the anesthetic period for premedication, in- 
duction and maintenance, and postoperative analgesia. 
Compared with meperidine hydrochloride and mor- 
phine in nonpregnant adults, fentanyl citrate has a 
greater analgesic potency, shorter duration of action 
(30 to 60 minutes), and lower risk for nausea and re- 
spiratory depression.’ Its analgesic and euphoric effects 
are equally antagonized by opioid antagonists, and no 
- active metabolite is present. 

_ Experience with intravenous fentanyl citrate during 
pregnancy has been limited. The manufacturer (Sub- 
limaze, Janssen, N.J.) has written in the package insert 
_ that there are insufficient data to support its use during 

labor and delivery. Because of the drug’s potential ad- 
vantages over more traditional narcotics, we attempted 
to determine how much fentanyl citrate is requested 
‘during labor and whether the newborn infant is af- 

fected. 


Material and methods 


Data were gathered between January 1988 and April 
1988 after permission was granted by our Institutional 
Review Board. Women in labor =37 weeks’ gestation 
with no active medical or obstetric complications were 
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eligible for enrollment. Each study participant was of- 
fered intravenous fentanyl citrate if epidural anesthesia 
was not desired. Those who requested fentanyl citrate 
were informed of its potential side effects (nausea, se- 
dation, hypotension, and respiratory depression). 

A standard 50 wg or 100 ug dose was administered 
intravenously as often as every hour on request during 
active labor (cervical dilation 3 to 10 cm). This dose 
range was known to be equianalgesic to 5 to 10 mg of 
morphine or 37.5 to 75 mg of meperidine hydrochlo- 
ride.’ The lower 50 ug dose was usually given initially 
unless the patient was perceived by the physician or 
nurse to be in severe pain. The number of requests for 
the drug and the total dose required during labor were 
recorded, A 0.02 mg (1 ml) dose of the neonatal prep- 
aration of naloxone hydrochloride (Narcan, DuPont: 
Wilmington, Del.) was available for intramuscular ad: 
ministration in the event of initial neonatal respiratory 
difficulties presumably from narcotic excess. 

Blood was drawn from the maternal antecubital vein 
and umbilical vein at delivery for serum fentanyl citrate 
determinations. Each sample was centrifuged at 8000 g 
for 10 minutes. A 1 to 5 ml plasma specimen was drawn 
and stored at ~ 20°C until the time of assay. All plasma 
samples were assayed simultaneously and in duplicates 
in accordance with the radioimmunoassay technique 
(Janssen Pharmaceutics, Piscataway, N.J].) described by 
Michiels et al? The antibody used inthis technique was 
described as being highly sensitive and specific for fen- 
tanyl citrate with no significant cross-reactivity with fen- 
tanyl citrate metabolites or close analogs. 

Newborn findings were ‘compared. with a similar 
group of consecutively chosen term infants born during 
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Fig. 1. Fentanyl citrate use acċording to the number of injections and total cumulative dose. 


Table I. Profiles of study (fentanyl citrate) and control (no fentanyl citrate or other analgesic-anesthetic 


agent) group pregnancies 
Study group Control group 
(n = 137) (n = 112) p 


Maternal age (years) 21.4 + 0.7 25.5 + 0.9 <0.01 
Race (% white) 86 (63) 84 (75) <0.05 
Parity (% nulliparous) 82 (60) 17 (15) <0.00001 
Gestational age at deliv- 39.8 + 0.3 39.6 + 0.4 NS 
ery (wks) 
‘Need for oxytocin aug- 37 (27%) 6 (5%) <0.0001 
entation 
Duration of labor (hours) 
First stage, active phase 5.3 + 0.8 3.2 + 04 <0.001 
Second stage 0.41 + 0.08 0.37 + 0,09 NS 
Route of delivery 
Vaginal 127 (93%) 105 (94%) NS 
Cesarean section 10 (7%) 7 (6%) NS 
Failure to progress 7 (5%) 5 (4%) 
Fetal distress 3 (2%) 2 (2%) 








“Malues-are mean + SEM. 


__ the same period to women who also had no.antepartum group) because the infants had evidence of birth 


complication and did not require pain medication (epi- trauma, meconium aspiration, severe hypoglycemia, or 
dural or narcotic). There were 16 pregnancies excluded a major-anomaly that required admission tothe inten- 


(nine from the study group and seven from the control sive care nursery. Evaluation of each infant at birth 
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Fig. 2. Maternal and cord serum fentanyl citrate concentrations at delivery according to maternal 


dose during labor. (*p < 0.03; bars, SEM.) 


Table II. Immediate neonatal outcomes between study and control groups 








Sex (Female, Male) 
Birth weight (gm) 
Depressed respirations (%) 
Apgar scores 
1 minute <7 
5 minute <7 
Need for naloxone (%) 
Neonatal vital signs 
Respiratory rate (per minute) 
At 2 to 4 hours 
At 24 hours 
Heart rate (beats/min) 
At 2 to 4 hours 
At 24 hours 
Blood pressure at 24 hours (mm Hg) 
Systolic 
Diastolic 


Study group Control group 
(n = 137) 














(n = 112) 






64, 61 60, 52 NS 
3,263 + 217 3,390 + 242 -NS 
4 (3%) 7 (6%) NS 
8 (6%) 10 (9%) ‘NS 
8 (6%) 7 (6%) NS 
1 (0.7%) 1 (0.9%) NS 
49 + 3 4842 NS 
49 +2 46 +2 NS 
141 +3 146 + 2 NS. 
140 + 2 142 + 2 NS 
65 +2 65 +2 NS 
36 + 1 34 + NS 





Values are mean + SEM. 


included. Apgar score determinations at 1 and 5 min- 
utes and selective umbilical blood gas measurements 
(pH, base excess) if respiratory depression of the fe- 
tus or a worrisome type of fetal heart pattern was 
present. 

-Each infant underwent complete neurologic and 
adaptive capacity scoring at 2 to 4 hours and 24 hours 
postnatally. The scoring system described by Amiel- 
‘Tison et al? was used because it is less time-consuming 
(average, 4 minutes per examination)-with presumably 


< dess interobserver bias than Scanlon scoring. The new- 


born evaluation included assessments of passive and 
active tone, primary reflexes (automatic walking, Moro 
reflex, and sucking), responses and. habituation .to 
sound and light stimuli, alertness, and consolability. Ex- 
aminations were performed by a pediatrician (J. C.) or 
qualified pediatric nurse (A. R.) without knowledge of 
previous intrapartum drug exposure. 7 ne 
Averaged data were reported as means + 1SD value. = 
Statistical comparisons were made with the Student f 
test and y’ test. A p value <0.05 was considered to be 
statistically significant. cs 
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Table III. Mean adaptive capacity and neurologic scores between infants exposed or not exposed in utero 


-tọ fentanyl citrate” 








Total fentanyl citrate dose 









100 pg 
{n = 55) 


At Tto 4 hours 


Adaptive capacity 8.4 8.6 

Neurologic 25.2 25.3 

Overall assessment 33.6 33.9 
At 24 hours 

Adaptive capacity 8.7 8.7 

Neurologic 27.0 26.7 

Overall assessment 35.7 35.5 









None 
{n = 112). 


150 to 200 pg 
(n = 23) 





8.4 7.3 8.2 
23.8 24.2 25.3 
$2.2 31.5 33.5 

8.6 8.6 9.0 
27.6 26.7 27.1 
36.3 35.3 36.1 








*None of the scores for infants exposed to fentanyl citrate was different from those of the infants who received none. 


Results 

A total of 137 participants were prescribed fentanyl 
citrate during the 4-month study period. This repre- 
sented 55% (137:249) of the women who underwent 
labor at term without previous complications. Table I 
compares the profiles between the study and control 
pregnancies. The women who received fentanyl citrate 
were more likely to be younger and nulliparous. They 
‘also were more likely to require oxytocin and to have 
longer labors after hospital admission. 

Fentanyl citrate was requested 308 times. The aver- 
age number of requests per case was 2.3 + 0.8 (range, 

~1-to.7 doses). The number of injections per case is 

~shown in Fig. 1. Approximately two thirds (67.9%, 
93:137) required two or fewer doses. Fig. 1 also dis- 
plays the total dose administered per case. The cu- 
mulative dose ranged widely (50 pg to 600 ug) accord- 
ing to individual patient needs, but the mean was 
140 + 42 pg. Approximately two thirds (63.5%, 87: 
137) received =100 pg, whereas 90.3% (110: 137) re- 
ceived <300 pg. 

Questioning of participants by nursing staff revealed 
the onset of analgesic activity to be within 5 minutes 
and it usually lasted approximately 45 minutes. Fen- 
tanyl citrate did not completely eradicate uterine con- 
traction pain, especially when pain was severe in the 
late phase of labor, but it did “take away the edge.” 
Mood modification, temporary relief of fears, and re- 
laxation were present in all cases. Depressed maternal 
respirations (<12 respirations per minute) were not 
seen. If the parturient was tired, drowsiness often oc- 
curred between contractions. Transient nausea was 
present in 13 cases (9.5%), but never so much as to 
require antinauseant medication. Such episodes usually 
occurred in the late phase of labor. 

Serum concentrations of fentanyl citrate at delivery 
are compared between the mother and the fetus (um- 
bilical cord) in Fig. 2. The concentrations of fentanyl 
citrate were significantly less (p < 0.03) for the cord 


sera than maternal sera, regardless of the fentanyl ci- 

trate dose. There was a significant linear relationship 

between the fentanyl citrate dose and cord levels 

(p < 0.05). In contrast, there was not a linear relation- 

ship between fentanyl citrate dose and maternal levels. ` 
This may be explained by the longer time from last 

dose until delivery between the >200 wg cumulative ` 
dose and the 100 to 200 pg dose groups (82.3 + 47.2 
minutes versus 97.7 + 53.6 minutes). 

Most infants exposed to fentanyl citrate in utero did 
well immediately after delivery with routine observa~ 
tion (Table I). The frequencies were low for depressed p 
respirations by 90 seconds after delivery, and Apgar 
scores <7 were no more common than those for the 
control group. None of the study infants had an um- 
bilical blood pH <7.25 or base excess < ~ 6.0. Narcan 
was required in one case in which a single 50 pg dose 
of fentanyl citrate had been prescribed to the mother. 
The presence of three loops of cord wrapped around 
the infant’s neck likely contributed to the depressed 
respirations. Despite the fentanyl citrate and cord en- 
tanglement, the 1- and 5-minute Apgar scores were 6 
and 8, respectively, and the infant's depressed respi- 
rations improved. 

Infants exposed to fentanyl citrate had respiratory 
rates equal to those in the control group during the 
first 2 to 4 hours (Table IH). Apneic spells were not 
evident. Mean blood pressures recorded from the right 
arm and mean heart rates were not significantly lower 
than the control group. 

Findings on neuroadaptive examinations compared 
favorably between infants in the study and control 
groups (Table HH). Adaptive and neurologic scores de- 
termined at approximately 2 and 24 hours postnatally 
were reassuring, similar to the control groups, and dose 
dependent. A total score <30 was no more common 
(p < 0.05) if the total fentanyl citrate dose was >200 
peg at 2 hours than for a lesser dose (5:38, 13.2% versus. 
6:99, 6.1%) and 24 hours (2:38, 5.3% versus 1:99, 


















1.0%). The last dose was usually given 2 hours before 
delivery (mean 112 + 29 minutes; range, 27 to 183 
minutes) and did not appear to influence the unlikely 
finding of depressed neonatal respirations or delayed 
neuroadaptive adjustments at the examination after 2 
hours. 


Comment 


This study was undertaken to assess the usefulness 
of fentanyl citrate during labor because of its known 
rapid and short-acting analgesic effects with less antic- 
ipated depression in nonpregnant persons.' With the 
use of the chronic maternal-fetal sheep preparation, 
Craft et al.** reported that fentanyl citrate adminis- 
tered intravenously or epidurally in standard doses 
crossed the placenta easily without adverse effects to 
the mother or fetus. No significant deleterious changes 
were found in uterine blood flow, uterine tone, and 

maternal or fetal cardiovascular and acid-base param- 
eters. Results from this prospective investigation indi- 
cated that fentanyl citrate used intermittently during 
active labor is well tolerated by the participants. The 
more prolonged labors in the study group would be 
attributed more to the hospital admissions being in the 
earlier phase of labor and to the differences in preg- 


ae nancy profiles (primigravida, unprepared childbirth, 


and need for oxytocin administration) than to the ef- 
< fects of the drug. 
A preliminary report in humans by Eisele et al.® re- 


-. vealed that neonates were not impaired when the drug 


` was given to the mother within 10 minutes before de- 
livery during an elective cesarean section. The few neo- 
nates. who required supplemental oxygen or naloxone 
in our experience often had accompanying complica- 
tions such as meconium passage in utero or cord en- 
~ tanglements. This need for oxygen was less common 
than that of the control group. 
» Food and Drug Administration guidelines recom- 
mend neurobehavioral studies for any drugs used dur- 
ing labor. Findings in this study also provide reassur- 
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ance that the drug was not associated with any increased 
risk of impaired neurologic or adaptive adjustments 
during the first 24 hours postnatally. This was true even 
when relatively higher total doses (>200 wg) were ad- 
ministered to the participants, although the number of 
study cases is not large. Infants exposed to fentanyl 
citrate were not more likely to have diminished passive 
or active muscle tone or impaired responses to light or 
sound stimuli. 

With the use of the described dosing regimen in this 
investigation, an accumulation of fentanyl citrate was 
not considered to be harmful. Serum concentrations of 
fentanyl citrate remained consistently less in umbilical 
cord than in maternal circulation at delivery, regardless 
of the dose. More confidence with frequent intravenous 
dosing and less prolonged effects were positive findings 
with this narcotic. Despite these reassurances, the re- 
spiratory depressant effect of fentanyl citrate may be 
more prolonged than the analgesic effect, necessitating 
close observation of the parturient. We consider our 
observations to be encouraging and suggest a need for 
further intrapartum studies to compare fentanyl citrate 
with more conventionally used narcotics: 
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Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization 


-Kazumasa Mori, MD, Toshifumi Daitoh, MD, DMSc, Minoru Irahara, MD, DMSc, 
Masaharu Kamada, MD, DMSc, and Toshihiro Aono, MD, DMSc 


Tokushima, japan 


The role of monosaccharides in human fertilization was studied by testing their effects on penetration of 
spermatozoa into mature human oocytes (zona penetration test). When oocytes were pretreated with 
concanavalin A, wheat germ agglutinin, or Ricinus communis agglutinin-| at a concentration of 100 ug/ml, 
‘no spermatozoa were found to bind to or penetrate through the zona pellucida. Penetration of 
spermatozoa. was restored when the zona pellucida pretreated with wheat germ agglutinin and Ricinus 
“communis agglutinin-| were rinsed with N-acetyl-p-glucosamine (wheat germ agglutinin inhibitor) and 
; p-galactose (Ricinus communis agglutinin inhibitor), respectively. Conversely, the blocking effect of 
{concanavalin A on sperm penetration was not reversed by treatment with o-mannose (concanavalin A 
inhibitor). Furthermore, pretreatment of spermatozoa with D-mannose (50 mmol/L) completely inhibited 
“sperm penetration through the zona pellucida. However, sperm penetration was clearly demonstrated 
when the zona pellucida was pretreated with o-mannose. These data suggest that p-mannose residues 
are essential in, or sterically closely related to, the sperm receptor site on the human zona pellucida. (Am J 


OpsteT GyNECOL 1989;161:207-11.) 


Key words: Sperm-ovum interactions, carbohydrates, D-mannose, human zona pellucida, 


` spermatozoa receptor 


As a first step in fertilization, spermatozoa bind to 
and penetrate through the zona pellucida that sur- 
_rounds mammalian eggs. The zona pellucida is thought 
to have a receptor site for species-specific binding of 
spermatozoa. We previously demonstrated that mono- 
clonal antibodies against common antigens of human 
and porcine zona pellucida and alloantibodies to hu- 
man spermatozoa inhibited fertilization of human eggs 
in. vitro. These data suggest that antigens on both ga- 
metes are essential in human sperm-egg interaction.'” 
As shown by many investigators in a wide variety of 
species," including mammals, carbohydrate determi- 
nants on the zona pellucida are involved in sperm-egg 
interaction. However, there have been no detailed stud- 
‘ies on the role of carbohydrate determinants on the 
zona pellucida in fertilization of human eggs because 
of the limited availability of human oocytes. Our 
preliminary experiments with fluorescein-conjugated 
lectins demonstrated the presence of monosaccha- 

< pide chains with terminal p-mannose, D-galactose, and 
N-acetyl-p-glucosamine, but not L-fucose residues in 
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the human zona pellucida. In this study, we investigated 
the role of monosaccharide chains in the human zona. 
pellucida in gamete recognition. gees 


Material and methods 

Reagents. Concanavalin A (Con A), soybean agglu- 
tinin (SBA), wheat germ agglutinin (WGA), peanut ag- 
glutinin (PNA), Dolichos biflorus agglutinin (DBA), Ri- 
cinus communis agglutinin-I (RCA-I), and Ulex europaeus 
agglutinin-I (UEA-I) were purchased from Vector Lab- 
oratories, Inc, (Burlingame, Calif.). Limulus polyphemus 
agglutinin (LPA) was from Polysciences, Inc. (War- 
rington, Penn.). N-acetyl-p-glucosamine, D-galactose, 
D-mannose, and L-fucose were from E-Y Laboratories, 
Inc. (San Mateo, Calif.). 

Collection of oocytes. Follicular oocytes were recov- 
ered from ovaries of patients who underwent laparot- 
omy for gynecologic disorders. The oocytes were cul- 
tured as described previously.’ They were allowed to 
mature for 48 hours at 37° C in Whittingham’s T6 
medium” containing 10% normal human serum under 
5% carbon dioxide in air. Mature oocytes showing a 
first polar body were then stored in highly concen- 
trated salt solution (0.5 mol/L ammonium sulfate, 1:0 
mol/L magnesium chloride, and 0.1% dextran) at + Ç 
and used for zona penetration tests within 3 months. 


Zona penetration test. Before use, pooled oocytes +. 


were desalted in Dulbecco's- phosphate-buffered saline 
solution overnight at .4° C. For insemination; freshly 
ejaculated spermatozoa from healthy men with consis- 
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Table I. Effects of exposure of human oocytes to various lectins on sperm binding to and penetration 


through the zona pellucida in vitro 











Experiment 1 





Experiment 2 





Experiment 3 

















No. of sperm 
bound 


No. of sperm 
penetrating 


Control 5 3 
Con A 0 0 
WGA 0 0 
RCA-I 0 0 
DBA 15 20 
LPA 3 
PNA 15 15 
SBA 10 11 
UEA-I 13 8 


No. of sperm 
bound 














No, of sperm 
penetrating 


No. of sperm 
bound 


No. of sperm 
penetrating 








9 20 6 
0 0 0 
0 0 0 
0 0 0 





The zona pellucida was treated with the indicated lectin (100 pg/ml) for 1 hour at room temperature. When oocytes were 
exposed to Con A, WGA, and RCA-I, washed, and incubated in vitro with motile spermatozoa, spermatozoa were unable to bind 
to and penetrate through the zona pellucida. Experiments were repeated three times. 


Table II. Effects of treatments of the zona pellucida with lectins and their inhibitory sugars 








Experiment 1* 








Experiment 2 





Experiment 3 














No. of sperm 
bound 









No. of Sperm 
penetrating 


No. of sperm 
penetrating 


No. of sperm 
bound 












Controlt 22 5 
Con A 10 0 10 0 18 0 
WGA 13 0 10 5 32 5 
RCA-I 5 10 9 0 13 2 





._ The zona pellucida was pretreated with Con A, WGA, or RCA-I and then incubated for 1 hour in Whittingham’s T6 medium 
containing 0.1 mol/L specific inhibitory sugars for each lectin (D-mannose, N-acetyl-p-glucosamine, and D-galactose, respectively). 
The: blocking effect of Con A on sperm penetration was not reversed by treatment with D-mannose, whereas penetration of 
spermatozoa was restored when the zona pellucida pretreated with WGA and RCA-I were rinsed with N-acetyl-D-glucosamine 
and D-galactose, respectively. Experiments were repeated three times. 


-*The oocytes subjected to this experiment were shown to be incapable of sperm binding and penetration when exposed to Con 


A, WGA, or RCA-I in experiment 1 of Table I. 
+Oocyte was incubated in T6 medium only. 


téntly high semen quality were washed three times with 
T6 medium by centrifugation at 200 g for 5 minutes. 
T6 medium containing 10% normal human serum was 
then layered onto the highly concentrated sperm 
suspension and the preparation was incubated for 
1 hour at 37° C under 5% carbon dioxide in air. 
The motile sperm swimming up into the upper T6 
medium were collected and resuspended in’ T6 me- 
dium containing 10% normal human serum at a con- 
centration of 1.0 x 10°/ml. One oocyte was placed in 
0.3 ml of the suspension covered with warm paraffin 
oil in a plastic culture dish (85 x 11 mm; Nunc, Ros- 
kilde, Denmark) and incubated for 6 hours at 37° C 
under 5% carbon dioxide in air. Then the oocyte was 
washed by pipetting and was examined with a phase- 
contrast microscope (Olympus, IMT, Tokyo) for sperm 
binding to and penetration through the zona pellu- 
cida.'" In this study, a single semen donor was used 
~ for one experiment. We could use only one oocyte for 
each regimen because it was impossible to prepare cer- 


tain numbers of oocytes in one experiment because of 
the shortage of human oocytes available. Therefore we 
repeated the experiments to confirm the data. 

First, the effects of lectins at concentrations of 100 
ug/ml in Dulbecco’s phosphate-buffered saline solu- 
tion were examined. Oocytes were treated with 0.2 ml 
of various lectins (Con A, SBA, WGA, PNA, DBA, RCA- 
I, UEA-I, and LPA) for 1 hour at room temperature, 
were rinsed three times in T6 medium, and then were 
subjected to the zona penetration test. 

For determination of the reversibility of the effects 
of the lectins, after treatment with the lectins the oo- 
cytes were rinsed for 1 hour in T6 medium containing 
0.1 mol/L concentrations of specific inhibitory sugars 
for each lectin and were then subjected to’ the zona 
penetration test. In the first experiment, we tested the 
oocytes that had been incapable of sperm binding and 
penetration in the above ‘study. 

Second, the effects. of . sugars. (N-acetyl-p- 
glucosamine, D-galactose, D-mannose and L-fucose) 
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Table III. Effects of treatments of spermatozoa with sugars 
















Experiment 1 


No. of sperm 
bound 


Experiment 2 Experiment 3 Experiment 4 































No. of sperm 
penetrating 


No. of sperm 
bound 


No. of sperm 
penetrating 


No. of sperm 
bound 


No. of sperm 
penetrating 


No. of sperm 
bound 


No. of sperm 
penetrating 








Control 17 2 16 15 16 8 8 3 
D-mannose 4 0 0 9 9 0 2 0. 
N-acetyl-p 10 6 

glucos- 

amine 
D-galactose 9 4 
L-fucose 13 6 19 il 13 4 








Spermatozoa were incubated with 50 mmol/L concentrations of the indicated sugars for 30 minutes before the zona penetration 
test. Pretreatment with 50 mmol/L p-mannose completely inhibited penetration of spermatozoa through the zona pellucida, but 
pretreatment with N-acetyl-p-glucosamine, D-galactose, or L-fucose had no effect on their penetration. Experiments were repeated 
four times. 


Table IV. Effects of treatments of the zona pellucida with p-mannose 
























































Experiment 1 Experiment 2 Experiment 3 Experiment 4 
No. of sperm | No. of sperm | No. of sperm | No. of sperm | No. of sperm | No. of sperm | No. of sperm | No. of sperm 
bound penetrating bound penetrating bound penetrating bound penetrating: 
Control 8 3 14 4 17 4 13 8 
D-mannose 23 8 30 5 10 1 14 8 








The zona pellucida was incubated with or without 0.1 mol/L p-mannose for 30 minutes at room temperature before the zona : 


penetration test. Pretreatment of the zona pellucida with D-mannose did not block penetration of untreatéd spermatozoa, Ex: 
periments were repeated four times. 


¿were examined by the zona penetration test. Motile hibitory sugars of the respective lectins. Penetration 
spermatozoa collecting by the swimming up method at of spermatozoa was restored when the zona _pellu- 
a concentration of 1.0 x 10°/ml were incubated in T6 cida pretreated with RCA-I and WGA were rinsed 
medium (0.3 ml) containing 50 mmol/L sugar for 30 with D-galactose and N-acetyl-p-glucosamine, respec- 
minutes at 37° C under 5% carbon dioxide in air (os- tively. Conversely, the blocking effect of Con A on 
molality of sugar mixtures, 326 to 338 mOsm). Then sperm penetration was not reversed by treatment with 
an oocyte was incubated in an aliquot of the suspension D-mannose, although the spermatozoa bound to the 
for 6 hours. In the case of b-mannose, zona penetration zona pellucida (Table I). 
tests were also performed after spermatozoa and eggs Effects of sugars. Table III summarizes results in 
had been treated separately with the sugar to study its the zona penetration test using spermatozoa treated 
effect on each gamete. In this study only concentrations with various sugars. Pretreatment with 50 mmol/L 
of lectin and sugar of 100 pg/ml and 50 mmol/L, re- D-mannose completely inhibited penetration of sper- 
spectively, were used because of the limited availability matozoa through the zona pellucida, but pretreatment 
of mature oocytes. with N-acetyl-p-glucosamine, D-galactose, or L-fucose 
had no effect on their penetration. Although many 

Results spermatozoa pretreated with D-mannose came in con- 

Effects of lectins. Table I summarizes results in the tact with the zona surface, they did not penetrate 
zona penetration test with zona pellucida treated with through the zona pellucida. Furthermore, pretreat- 
various lectins. When oocytes were exposed to Con A, ment of the spermatozoa with D-mannose blocked 
RCA-I, and WGA, washed, and incubated in vitro with sperm penetration through the untreated zona pellu- 
motile spermatozoa, spermatozoa were unable to bind cida, but pretreatment of the zona pellucida with. p- 
to and penetrate through the zona pellucida, although mannose for 30 minutes did not block penetration of 
many came in contact with its surface. No blocking of untreated spermatozoa (Table IV). 
sperm penetration was observed with untreated oocyte 

or oocytes treated with five other lectins (DBA, LPA, Comment 
PNA,- SBA, and UEA-I). In a second zona penetra- In this study, the zona penetration test was used to 


tion ‘test, the zona pellucida were rinsed with the in- determine whether monosaccharides are involved in 
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human sperm-egg interaction. We used oocytes ma- 
tured in vitro and stored in highly concentrated salt 
solution because storage under these conditions has 
been shown to preserve the bioactivity of the zona pel- 
lucida of oocytes. The zona penetration test facilitates 
studies on the mechanism of human fertilization. Such 
studies are difficult because large numbers of mature 
oocytes are not available. 

There are many reports on the blocking effects of 
various lectins on fertilization in a wide variety of 

Species. Results have shown that Con A, RCA-I, and 
fucose-binding protein have blocking effects in brown 
algae," * Con A, and fucose-binding protein in ascidi- 
ans,” asparagus pea lectin (specific for L-fucose) in Lim- 

“ulus polyphemus, and Con A, WGA, RCA-I, and DBA 
in the hamster.” * In our study spermatozoa failed to 
bind to and penetrate through human zona pellucida 
that had been pretreated with any of the lectins capable 
of binding to it (Con A, WGA, and RCA-I, preliminary 
data). 

Four possible mechanisms for the blocking effects of 
lectins may be considered. (1) The lectin-binding sites 
may be essential components of the sperm receptor 
sites. Lectins may block fertilization by causing selective 
masking or conformational change of the sperm re- 
ceptors. (2) The lectins may bind to other receptors in 

the vicinity of the sperm receptors, causing steric in- 
“= hibition of sperm binding. (3) The lectins may bind to 

“nonspecific membrane receptors, causing modulation 

‘of the membrane structure, including biochemical al- 
terations in the nature of the zona pellucida to be re- 

sistant to proteinase dissolution,’ which in turn causes 
nonspecific inhibition of fertilization. (4) The lectins 
bound to the zona pellucida may also bind to sper- 
matozoa and thus prevent their penetration through 
the zona pellucida, because the surface of human sper- 
matozoa and the zona pellucida share binding sites for 
ConA, WGA, and RCA-I (unpublished data). However, 
+ the mechanism of the blocking effect of Con A appears 
< to be different from that of WGA or RCA-L, because 
the effect of Con A was not reversed by washing Con 
A-treated zona pellucida with p-mannose, whereas the 
effects of WGA and RCA-I were reversed by rinsing 
the zona pellucida with the respective inhibitory sugars. 

“Thus treatment of the zona pellucida with Con A 

“induces critical change of the molecules including 
‘D-mannose residues on the zona pellucida. Further- 

: more, the finding that pretreatment of spermatozoa but 
- not oocytes with b-mannose blocked penetration of the 
-Spermatozoa indicated that D-mannose—binding struc- 
tures are present on the sperm surface. 

_. Preliminary experiments showed that none of the 

+ sugars tested, even at the highest concentrations used 

(0.1 mol/L) affected sperm mobility. Therefore, this 
blocking effect of D-mannose was not caused by are- 
- duction of sperm mobility: Another possibility is that 
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spermatozoal proteinases necessary for sperm penetra- 
tion are inhibited by p-mannose. Anderson et al. re- 
ported that human spermatozoal acrosin was inhibited 
by a variety of monosaccharides, especially p-fructose 
and D-mannose. However, they also showed inhibition 
of acrosin activity by D-galactose, although the inhib- 
iting activity is somewhat low (approximately 60% of 
D-mannose). If the blocking effect of D-mannose on 
sperm penetration is caused by inhibition of acrosin 
activity, D-galactose should also show the blocking ef- 
fect. However, this did not occur, 

Blocking effects of saccharides on fertilization in 
other species have been reported: L-fucose in ascidians? 
and Limulus polyphemus,® L-fueose and fucoidin in the 
hamster and guinea pig,'® a-methyl mannoside and 
D-mannose in the rat," and a-methyl-mannose and 
sialic acid in the mouse.” However, results on which 
gamete was affected by saccharide were controversial. 
Consistent with our results, blocking of sperm-egg: in- 
teraction by binding of saccharide residues to sper- 
matozoa has been demonstrated in Limulus polyphemus,® 
the rat," and guinea pig,” but saccharides are reported 
to affect the egg in the mouse” and both the sperm 
and egg in ascidians.” Huang et al.’° found that in hu- 
mans fucoidin blocked sperm binding to the zona pel- 
lucida and concluded that L-fucose may be part of a 
recognition signal between spermatozoa and eggs. We 
did not observe any inhibitory effect of 50 mmol/L 
L-fucose in the zona penetration test, but at a higher 
concentration L-fucose may block fertilization because 
fucoidin was found to be a more potent inhibitor of 
hamster fertilization than L-fucose. 

On the basis of our results, we propose that a man-: 
datory step in human fertilization is binding of a 
b-mannose—binding constituent of the sperm surface 
to a D-mannose residue in the sperm receptor site on 
the zona pellucida. Further studies at the molecular 
level are necessary to elucidate details of the mechanism 
of sperm-egg interaction. 


We thank Ms. M. Ikeda for her technical assistance. 
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The importance of ultrasonography in infertile women with 
“forgotten” intrauterine contraceptive devices 


Raphael Ron-El, MD, Zvi Weinraub, MD, Rami Langer, MD, Ian Bukovsky, MD, and 


Eliahu Caspi, MD 
Zerifin and Tel Aviv, Israel 


Seven cases in which an unknown intrauterine contraceptive device in situ was the cause of infertility were 
referred to our Infertility Clinic after each patient had been told by her physician that she no longer had an 
intrauterine contraceptive device. In some cases, there were lapses in the infertility workup that might 
explain how the cause of infertility of an intrauterine contraceptive device in situ was missed. in other 
cases, a thorough investigation was made and infertility treatment was started without the existence 

of an intrauterine contraceptive device in situ being diagnosed. (Am J Osstet GynecoL 1989;161: 


211-2.) 


Key words: Infertility, female; intrauterine devices; ultrasonic diagnosis 


Reported here are seven cases of “forgotten” intra- 
uterine contraceptive devices (IUDs) that caused infer- 
tility. 


Case reports 


Case 1. A 32-year-old woman was fitted with an [UD 
after her second delivery. Examination after 2 years 
showed no IUD thread through the cervix and x-ray 
examination did not reveal the presence of an IUD 
in situ. On a later occasion, an IUD was inserted, re- 
sulting in two IUDs in the uterus for 3 years. Because 
the woman did not conceive after the removal of the 
second device, she was referred to our Infertility Clinic. 
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In the workup an ultrasonographic examination for 
leading follicle measurement revealed the presence of 
a multi-load IUD that was removed. Two months later 
she conceived. 

Case 2. A 26-year-old woman with a 2-year history 
of infertility had an induced abortion at age 18. She 
did not recall any procedures or instructions that were 
given to her after the abortion. The infertility workup 
included a hysterosalpingogram with normal results, 
Because of excessive menstrual bleeding, a curettage 
was performed. A “homemade” IUD of nylon thread 
was extracted (Fig. 1). This thread was invisible: on 
x-ray examination yet was detectable by ultrasonogra-. 
phy. The patient conceived 6 months later. 

Case 3. A 30-year-old patient had secondary infer- 
tility for 6 years. Results of a hysterosalpingogram and 
laparoscopy findings were normal, however, the patient 
reported heavier menstrual bleeding since. delivery. 
When an endometrial curettage was performed a` 
“homemade” nylon thread:was extracted; the woman 
conceived 4 months later. 
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Fig. 1. Nylon thread self-made IUD (A) and its ultrasono- 
graphic overview in the uterus (B). 


Case 4. A 26-year-old woman was treated for intra- 
uterine adhesions by curettage and temporary insertion 
of an Ipsilon IUD. The patient recalled a second visit 
2 months later for removal of the IUD. Repeated hys- 
terosalpingogram examination did not reveal any 
pathologic condition. She then conceived but the preg- 
nancy terminated in an early spontaneous abortion. At 
the subsequent curettage, an Ipsilon IUD (without the 
membrane) was found and removed. The patient con- 

ceived 2 months later. 

Case 5. A 32-year-old patient had an IUD inserted 
after a vaginal delivery, A year later, she conceived with 
‘an TUD in situ. The physician who performed the abor- 
tion did not find the IUD. It was assumed that it had 
been. expelled spontaneously. The patient took oral 
contraceptives, stopped the medication, and then did 
not use contraception for 2 years. A thorough inves- 
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ligation. including hysterosalpingogram and. laparos- 
copy had normal findings. The patient was- being 
treated with menotropins for superovulation whem an 
ultrasonographic examination for follicle size revealed 
the IUD in situ. A Cu-7 device was removed. On reex- 
amination of the hysterosalpingogram x-ray film, the 
branches of the Cu-7 device were detected. Five months 
later she conceived. 

Cases 6 and 7. Two patients, 31 and 35 years old, 
primiparous and secuncdiparous, respectively, each had 
an IUD inserted after delivery. When they requested 
removal of the devices, the thread was not seen through 
the cervical canal and x-ray examination gave no in- 
dication of an IUD in situ. Beth patients had ultrason- 
ographic examinations that showed an IUD in the uter- 
ine cavity; a “homemade” device and a Cu-7 device, 
respectively, were removed. Neither patient has yet 
conceived. 


Comment 

With widespread use of IUDs, a “forgotten” IUD 
in situ has emerged as a cause for infertility. This sit- 
uation causes an iatrogenic infertility, prompting un- 
necessary noninvasive and invasive examinations and 
unjustified treatments. Therefore a seemingly infertile 
patient with a history suggestive of LUD insertion could 
have a “forgotten” TUD in situ. An accurate diagnosis 
is more often obtained by a preliminary x-ray exami- 
nation rather than by hysterosalpingogram.' Many 
cases reveal devices not currently available on the mar- 
ket and are initially unrecognizable on x-ray films. The 
accuracy of ultrasonography in the diagnosis of an IUD 
in the uterine cavity” indicates its justification in the 
case of any inferule woman whose past history shows 
use of an IUD or any gynecologic intervention. Frus- 
tration, discomfort, and expense to the patient are thus 
minimized, 
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Acid-base status at birth and neurodevelopmental outcome at 


four and one-half years 


Jennifer Dennis, DM, Ann Johnson, MD, Lesley Mutch, MD, Patricia Yudkin, MA, and 
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Oxford, England 


Two hundred thirty term infants with measured acid-base status in umbilical arterial blood at birth were 
selected from 1210 consecutive deliveries for detailed neurodevelopmental follow-up at age 414 years; 203 
were examined. Cutoff points approximately 1 SD from the mean (pH = 7.10; base deficit >12 

mmol/L) were used to define acidosis. No statistically signiticant associations between acidosis and 
developmental outcome were found. The highest proportion of unimpaired children was found among 
those who were most severely acidotic at birth (pH = 7.04; 2 SD below mean), but this finding was not 
statistically significant. These findings suggest that the ability of the fetus to produce an acidosis in 
response to the stress of labor may be beneficial to long-term outcome. The 10 nonacidotic babies with 
1-minute Apgar scores of <3 showed statistically significant deficits in some areas. Coincident acidosis 
was not associated with a worse outcome for infants with low Apgar scores. (AM J OBSTET GYNECOL 


1989;161:213-20.) 
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asphyxia 


Much perinatal intervention is directed toward the 
prevention of fetal and neonatal asphyxia in the belief 
that such insults may result in death or later disable- 
ment. Morbid anatomic studies have demonstrated 
unequivocally that events occurring during labor 
and delivery can lead to cerebral damage and death 
in the infant through the effects of trauma and as- 
phyxia.' Asphyxial signs in those babies who die range 
from diffuse cerebral edema to cortical necrosis, 
boundary zone infarction, and basal nuclei damage. It 
is assumed that similar lesions may be present in those 
who survive perinatal asphyxial insults and that these 
lesions may give rise to a variety of neurodevelopmental 
problems. 

There is no generally accepted definition of asphyxia. 
There are a number of commonly used, clinical indirect 
markers of asphyxia including Apgar score, neonatal 
neurologic state, and acid-base status at birth. None of 
these can be regarded as “diagnostic” of preceding 
hypoxia. Indeed, they may reflect other intrapartum 
events or even underlying and more fundamental 
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problems of prenatal origin.? Historically, it should be 
recalled that the Apgar score was devised as an objective 
measurement of the condition of the neonate at birth’ 
and not as a marker of asphyxia. 

The notion of a simple relationship between hypoxia, 
acid-base status, and cerebral damage attributed to as- 
phyxia is open to challenge.* Acidosis, as measured in 
umbilical artery blood at birth, is widely assumed to 
reflect fetal asphyxia. Thus it might be expected to have 
a relationship with the condition of the infant at deliv- 
ery, neonatal neurologic status, or later neurodevel- 
opmental integrity. Despite a remarkable lack of evi- 
dence, the strength of this belief is such that a major 
obstetric goal in some centers is to deliver babies with 
“normal” cord blood acid-base status.’ 

Sykes et al.° set out to measure acid-base status and 
Apgar scores in the umbilical cord blood of 1210 con- 
secutively born infants delivered in the John Radcliffe 
Hospital, Oxford, between April and July 1981. Full 
data were obtained for 895 infants. About half of the 
missing cases arose because no member of the team 
responsible for collecting the blood samples was avail- 
able at the time of delivery, and the remainder because 
blood could not be drawn from the umbilical artery. A 
detailed comparison between the deliveries with and 
without full blood gas values confirmed that the cases 
with full blood gas measurements were an unbiased 
sample of the whole. 

These 895 children provided an opportunity to de- 
termine whether a single measure of acid-base status 
at birth in term infants would be predictive of neuro- 
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Table I. Study population 


Eligible 72 22 
Selected 72 22 

1 min Apgar score <3 (8) (2) 
Losses before assessment 

Refusals 2 2 

Abroad 2 1 
Nos. assessed 68 19 
Exclusions after assessment 

Other factors 1 ~ 

English not first language 4 1 
Final Nos. analyzed 63 18 

1 min Apgar score =3 (7) (1) 


*Losses abroad replaced-—see text. 
This constitutes group Ds. 


developmental outcome at age 4 to 5 years and form 
the basis of this study. 


Methods 


Categorization of infants by acid-base status and 
Apgar score. Children were assigned to study grcups 
according to acid-base status and Apgar score at birth. 

Acid-base status. From the original group of 121¢ in- 
fants, 895 had full data on umbilical artery pH, base 
deficit, and Apgar score. From these all singleton in- 
fants born at or after 37 weeks’ gestation and surviving 
at age 414 years were selected (N = 825). 

They were divided into the following four groups: 
(1) group A: pH = 7.10, base deficit >12 mmol/L 
(n = 72); (2) group B: pH = 7.10, base deficit =12 
mmol/L (n = 22); (3) group C: pH > 7.10, base deficit 
>12 mmol/L (n = 42); and (4) group D: pH > 7.10, 
base deficit <12 mmol/L (n = 689). The cutoff levels 
were those used in the 1981 study and were approxi- 
mately 1 SD from the mean obtained in that study.® 
Group A contained the most acidotic infants and group 
D the least acidotic. 

All children in groups A, B, and C and a random 
sample of 80 from group D (group Ds) were selected 
for study (see “Statistical Methods”). Social class and 
sex are known to influence child development.’ Thus 
the social class composition of group Ds was selected 
to match that of groups A, B, and C combined; the 
sample was chosen randomly from within each social 
class group. Social class was based on the occupation of 
the head of household, and five social class groups ‘were 
defined: (1) professional, (2) managerial and lower 
professional, (3) skilled, manual, and nonmanual, (4) 
partly skilled, and (5) unskilled.* Members of the armed 
forces, students, and the unemployed formed a 3ixth 
group. Because the sex breakdown in group Ds 
matched that in the other three groups, no adjustment 
for sex was necessary. 

Apgar score at 1 minute, Of the 24 children with a 1- 
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42 689 14 825 
42 80 14 230 
(0) (0) (14) (24) 
2 14 2 22 
1 t 1 5 
39 66 HI 203 
l 1 — 3 
1 1 1 8 
37 64t 10 192 


(0) OO 0) (18) 


minute Apgar score of <3, eight were in group A and 
two were in group B. The remainder (n = 14) formed 
group E, the nonacidotic, low Apgar score group. 

Thus 230 children were selected for study (Table I); 
all were traced. Nine had gone abroad; four of these 
were in group Ds and therefore could be replaced from 
the total group D. 

Number assessed. The general practitioners of all 
the children were contacted. With their permission, the 
parents were approached by letter, explaining the study 
and offering the choice of an appointment at home or 
in-hospital. Five physicians refused us access to their 
patients because of social problems in the family (one 
in group Ds). In addition, 17 parents (one adoptive) 
did not want their children assessed (13 in group Ds). 
Thus there were 22 refusals (14 in group Ds). We are 
unable to explain this excess in group Ds and acknowl- 
edge it may introduce a bias in either direction. These 
children were not replaced because families who re- 
fused access may constitute a special group. This left 
203 children who were actually assessed (Table 1). 

Exclusions after assessment. After assessment there 
were further exclusions before analysis. Two children 
had suffered uncoubted postnatal neurologic insults 
that affected their neurodevelopmental status. One was 
profoundly deaf after meningitis at the age of 2 years, 
and the other had achondroplasia and had developed 
hydrocephalus requiring insertion of a ventriculoatrial 
shunt. A third child had many dysmorphic features, 
suggesting organic brain disorder of prenatal origin. 

The eight children whose first language was not En- 
glish were also excluded, since it was clear that they 
were at a considerable disadvantage during testing. 

Findings for 192 children were analyzed. 

Assessment. A protocol was devised covering a wide 
range of areas of development, including perceptual, 
cognitive, and language skills, neurologic status, and 
behavioral attributes. The standardized tests used were 
as follows. As a basic global instrument, five of the six 
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Table II. Social characteristics in the study population 
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Male (%)} 52 
Social class (%) 
I and II (high) 32 
Ill 37 
IV and V (low) 16 
Other 16 
25 preschool session/wk (%) 59 
Age at testing (mo) 
Mean 56.8 
SD 2.1 


44 38 52 80 
39 46 4] 30 
28 27 38 50 
17 19 17 — 
17 8 9 20 
33 49 4] 30 
56.8 56.3 56.7 56.1 
2.4 2.4 2.0 2.5 





subscales of the Griffiths Developmental Scales were 
used. These were locomotor, personal/social, hear- 
ing/speech, eye-hand coordination, and performance. 
The test is designed for children, ages 0 to 8 years. The 
subscale scores are expressed in terms of devel- 
opmental quotient (DQ = mental age/chronologic 
age X 100). The Test for the Reception of Grammar 
(TROG)” was used to assess the children’s ability to 
understand different and increasingly complex gram- 
matic constructions. This test is standardized in age 
percentiles for children ages 3 to 10 years. As a measure 
of behavior disorder, we used a questionnaire based on 
the Rutter behavior screening questionnaires." These 
were originally standardized for children 9 to 13 years. 
In this study we used a modification of the parents’ 
scale that has been developed for 5-year-old children.” 
This 15-item—rated questionnaire is filled in by the par- 
ents. Behavior disorders can be divided into conduct- 
type problems and neurotic-type problems. 

The nonstandardized tests were as follows. For au- 
ditory discrimination, we used the Renfrew picture- 
pointing test, which is appropriate for children from 
age 3% years. Discrimination errors made during the 
test reflect either conductive hearing problems (secre- 
tory or acute otitis media) cr centrally mediated im- 
paired discrimination. For further testing of fine motor 
and visuo-motor skills, two tests were used. The Key- 
hole pegboard test" consists of a 10 by 10 cm board with 
25 small, keyhole-shaped holes pointing in different di- 
rections. Into these can be slotted closely fitting pegs. 
The test has been standardized only for adults, and for 
these young children we used only the central nine 
holes. The task requires good fingertip and visuo-motor 
skills to orientate the pegs correctly and good targeting 
to slot them in the holes. It is a timed test performed 
with both preferred and nonpreferred hands. The sec- 
ond extra test of fine motor and visuo-motor skills re- 
quired the child to draw a line between tramlines ar- 
ranged to form a 4-inch square.This is a modification 
of one of the Frostig tests. The tramlines were wide 
(20 mm apart) and narrow (6.5 mm apart), and the test 


was performed with preferred and nonpreferred 
hands. Scores were based on the number of errors, 
which were defined as touching or crossing the bound- 
ary tramlines, and on the continuity of the line drawn. 
For neurologic evaluation we devised a checklist. This 
covered specific qualitative deviations and asymmetries 
observed in carrying out gross and fine motor tasks used 
in the schedule, an evaluation of articulatory dyspraxia, 
and some additional neurologic “soft” signs. 

Growth parameters were recorded and set against 
Tanner et al.'® and Ounsted et al.” charts. Information 
was sought from the parents about the child’s medical 
history and other social details including family struc- 
ture, mother’s work, and the child’s preschool, play- 
group, or nursery experience. Information about vision 
and hearing will be retrieved from routine services at 
a later date, some of it after schcol entry. 

Each child was seen between the age of 4% and 5 
years by one of three developmental pediatricians 
(J. D., A. J, or L. M.), who did not know the original 
cord blood findings. Twenty percent were seen in- 
hospital, and the remainder were seen at home. The 
examiners monitored each other’s performance during 
a short pilot study carried out tẹ assess the feasibility 
and acceptability of the protocol and improve inter- 
observer agreement. 


Statistical methods 

Sample size. The number of children in groups A, B, 
C, and E was limited by the sample size of the original 
study. It was anticipated that the rate of poor outcomes 
in group D would be 10%.' Power calculations showed 
that a sample of 80 children from group D would be 
sufficient to detect a threefold increase in the most 
acidotic group (group A), with 85% power and at a 
significance level of 0.05. 

Tenth percentile cutoff points. These were determined 
for each test from the distribution of scores for the 192 
children in the study and were used for internal com- 
parison between groups. They were not intended as 
population standards. 
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Table HI. Griffiths subscale scores in each group 





es 

‘Locomotor* ` . 
Mean : 109.4 107.8 110.3 112.0 103.2t 
SD 11.6 10.8 13.5 9.1 11.7 

Personal/social* í . 
Mean 107.2 107.6 106.7 108.3 103.9 
SD 10.1 11.1 10.9 10.8 7.3 

Hearing/speech* , 

Mean 118.3 117.6 118.7 118.3 107.14 
SD’ 14.7 | 13.3 18.3 15.9 13.7, 

Eye/hand coordination 
.Mean 113.0 108.9 109.5 111.4 106.3 
SD -17.4 i 19.3 17.0 17.8 24.0 . 

Performance i i ys 
Mean 111.9 107.4 110.0 111.2 110.5 
SD ; 19.2 15.1 15.3 19.8 23.0 








*Locomotor: one child from groups A, B, and C not tested; personal/social: one chal from „group C not tested; and 


hearing/sþeech: one child from group A not tested. 


. {Significant difference between group Ds and group E: p < 0. 01. 
Significant difference between group Ds and group E: p < 0. 05. 


Comparisons. between groups. Comparisons were made 
initially-between groups A, B, C, and Ds and then be- 
tween groups E and Ds. : 

Iñ comparisons between groups A, B, C, and Ds, 
average values were compared by means of a one-way 
analysis of variance; the. Kruskal-Wallis version of this 
test” was used for data that were not normally distzib- 
uted. Konpon between proportions were made 
with the x? test. 

“In comparisons between groups Ds and E, average 
values were compared with the ¢. test or for. cata 
that were not normally distributed the Mann- -Whitney 
U test., Proportions were comparéd with the x? test. 

| Muliple regression analysis. Each variable was entered 
stepwise’into the regression equation and remained in 
the equation only as long as its regression coeffic:ent 
was statistically significant at the 0.05 level. Categoric 
variables, such as social class, were treated as a number 
OF binary variables.” 

"' Significance levels. This study was not designed t to test 
a single hypothesis but rather to explore whether the 
groups differed i in any particular areas of performance. 
Following convention, we have reported results as sta- 
tistically significant whenever p was <0.05. However, 
because about 50 different significance tests were car- 
ried out, there is a very high probability that at least 
one spuriously ‘ ‘significant” result will have occurred, 
and a “significant” result even atthe 0.01 level should 
be tréated with caution. 


Results 
- Some social and other factors thought likely to azfect 
test scores are shown in Table II. There were no sta- 
tistically significant differences in the distributioa of 
these characteristics between groups. 


Griffiths subscale scores. Mean scores on the five 
Griffiths subscales were similar across groups A, B, C, 
and Ds (Table III}. Group-E had significantly lower 
mean scores than group Ds on the locomotor subscale 
and hearing/speecn subscale (p < 0.01 and <0. 06; re- 
spectively). j 

Multiple regression E were used to identify 
factors showing a significant association with the Grif- 
fiths scores. Neither pH =.7.10, basè deficit >12 
mmol/ L, nor 1-minute Apgar score =3 were significant 
factors. Higher social class, playgroup, nursery, or 
school attendance for five or more sessions. per. week, 
female sex, and lower age at testing were statisti- 
cally’ significantly associated with higher scores. on 
three subscales: personal/social, hearing/speech, and 
eye/hand coordiriation. Social class alone was associated 
with the performance subscale score, but there were no 


`- statistically significant associations with the locomotor 


score. The child’s place in the family, current outpatient 
attendance or therapy, poor hearing reported by the 
parent, and the'place of assessment (home or hospital) 
were not significant explanatory factors for any of the 
subscale scores. 

The poorest performers on all subscales (those scor- 
ing below the tenth percentile) were in general evenly 
distributed throughout groups A to D (Table IV). How- 
ever, on the locomotor scale, only one child from group 
Ds a. 6%) scored below thé tenth percentile compared 
with nine (14. 5% of the children in group A. The 
difference between the four groups just failed to reach 


statistical significance at the 0.05 level, although a direct 


comparison betweeri group A and ‘group’ Ds was sig- 
nificant: (p < 0.05%, There was no difference between 
the groups in the proportion of children scoring below 
the tenth percentile on two or more of the Griffiths 
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Table IV. Percentage in each group with Griffiths subscale score <tenth percentile 











Locomotor* f 

Personal/social* 11.1 
Hearing/speech* 9.7 
Eye/hand coordination 9.5 
Performance 12.7 
=3 scores <10th percentile 9.7 
1 or 2 scores <10th percentile 16.1 
No scores <]0th percentile 74.2 


11.8 13.9 1.67 20.0 
5.6 11.1 9.4 20.0 
5.6 8.1 9.4 20.0 
5.6 8.1 10.9 30.0 

11.1 8.1 7.8 10.0 

5.9 8.6 6.3 10.0 

17.6 20.0 15.6 60.0 

76.5 71.4 30.0 


78.1 





Significant difference between A and Dg, p < 0.05. 





*Locomotor: one child from groups A, B, and C not tested; personal/social: one child from group C not tested; and 


hearing/ speech: one child from group A not tested. 


subscales. Although the number of children in group 
E is small, seven of 10 scored below the tenth percentile 
in one or more of the five subscales. 

Keyhole pegboard test. The overall mean time for 
completion of the test was 60.7 seconds (SD 33.4) for 
the preferred hand and 69.4 seconds (SD 32.8) for the 
nonpreferred hand. There was no difference between 
groups in the mean time taken or in the number of 
poor performers (<tenth percentile). 

Using the preferred hand, two children failed to 
complete the test within 3 minutes, both of whom were 
from group A. Using the nonpreferred hand, six chil- 
dren were considered failures: four of 63 from group 
A, one of 37 from group.G, and one of 64 from group 
Ds. i 

For each child, the difference between completion 
times with the preferred and nonpreferred hands was 
calculated. There was no difference in the mean value 
of this measure between the five groups. 

Tramline square. There was no difference in scores 
between groups A, B, C, and Ds. Group E scored higher 
(i.e., made more errors) than group Ds on both wide 
and narrow tramline squares and with both preferred 
and nonpreferred hands. The difference was: statisti- 
cally significant only for the narrow square, which was 
drawn with the nonpreferred hand (p < 0.05). 

Rutter score. Twenty-two of the 192 children 
(11.5%) scored 12 or more. This is consistent with the 
findings of Watt et al." for this modified version of the 
scale. ‘There was no statistically significant difference 
in total Rutter scores between groups A, B, C, and Ds. 
However, children in group E scored significantly 
higher (i.e., were more behavior disordered) than those 
in group Ds (p < 0. 05). The behaviors reported in this 
questionnaire fall into two groups that reflect either 
conduct-type problems (e.g., fighting, aggression, or 
tempers) of neurotic-type problems (e.g., shyness, fear- 
fulness, etc.). An excess of conduct-type problems dif- 
fereritiated group E from group Ds. 

Test for the Reception of Grammar (TROG). There 
was no difference between the groups in the numbers 


Table V. Percentage in each group with 
different levels of overall impairment 














1 39.7 22.2 ° 40.5 39.1 10.0 
2 28.6 22.2 24.3 29.7 30.0 
3 22.2 50.0 24.3 20.3 30.0 
4 9.5 _5.6 10.8 10.9 30.0 
TOTAL 100.0 0 100.0 100.0 100.0 100.0 


*J, No impairment; 2, nonspecific poor performance on 
single items but overall appeared normal; 3, definite identified 
area(s) of impairment—not necessarily requiring referral; 
overall less severe level of impairment than grade 4; 4, definite 
impairment—usually requiring referral including global de- 
lay; lateralizing signs, and severe deficit in specific area. 


of children scoring below the tenth percentile on the 
Test for the Reception of Grammar. 

Auditory discrimination and neurologic screening. 
The picture-pointing test results for auditory discrim- 
ination were invalidated by the presence of acute ca- 
tarrhal upper respiratory tract conditions in many of 
the children at the time of testing. Despite a short pilot 
study, interrater reliability on the neurologic exami- 
nation was not sufficiently established to allow us to 
present the findings with confidence. 

Overall performance. Impairment codes were as- 
cribed by consensus on review of total outcome infor- 
mation available for each child. Four levels of impair- 
ment were defined (Table V). The distribution of im- 
pairment codes showed no differences between groups. 
Of the 192 children, 21 (10.9%) were coded as definitely 
and significantly impaired (code 4); an additional 48 
(25.0%) were considered definitely but less severely i im- 
paired (code 3). 

Primary analysis: Summary. There was no statisti- 
cally significant difference between groups A, B, C, and 
Ds, but a greater proportion of children in group’ A 
than group Ds scored below the tenth percentile on the 
Griffiths locomotor subscale (Table IV). 

The mean score. for group E was significantly lower 
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Table VI. Griffiths subscale scores: Groups Ds and = and acidotic low Apgar score group 









Group Ds 
(n = 64) 


Locomotor 
Mean 112.0 
SD 9.1 
Personal/social 
Mean 108.3 
SD 10.8 
Hearing/speech 
Mean 118.3 
SD 15.9 
Eye/hand coordination 
Mean 1114 
SD 17.6 
Performance 
Mean 111.2 
SD 19.£ 













Group E 
{nonacidotic; 
low Apgar) 
(n = 10) 


Acidotic; 
low Apgar 


103.2 111.9 


11.7 14.7 
103.9 107.9 
7.3 10.7 
107.1 117.0 
13.7 21.4 
106.3 103.5 
24.0 20.8 
110.5 104.5 
23.0 24.0 





than that for group Ds on the Griffiths locomotor sub- 
scale (p < 0.01) and the hearing/speech subscale (p < 
0.05) (Table III). Group E also did statistically signifi- 
cantly worse than group Ds in the narrow tramline test 
performed with the nonpreferred hand (p < 0.C5). 
Children in group E had a significantly higher Rutter 
score (i.e., were more behavior disordered) than those 
in group Ds (p < 0.05). 

Further analyses 

Griffiths “profile.” Like other investigators, we found 
that the population means for all five Griffiths subscales 
were greater than 100.*' In addition, they differed con- 
siderably from one another (Table JIT). This meant that 
a given score on one subscale did not denote the same 
level of achievement, relative to other children, as the 
same score on another subscale. Therefore to compare 
relative achievement across all five subscales, the sccres 
were standardized by being éxpressed as a number of 
standard deviations from the mean for that subscale. 

Therefore consistency of performance across the 
Griffiths subscales could be measured for each child. in 
two ways: by the standard deviation of the five stan- 
dardized Griffiths scores and by the range. Thus chil- 
dren who performed consistently well (or consistently 
badly) on all five subscales had a small range of scores. 
Multiple regression analysis was used to determine fac- 
tors significantly associated with consistency of perfor- 
mance across the five tests. All the explanatory variables 
previously tested were again examined. The only sta- 
tistically significant factor was a 1-minute Apgar score 
of <3, which decreased the consistency between sccres. 

Further analysis suggested that this decrease in con- 
sistency arose because the minimum standardized Grif- 
fiths score for children with low Apgar scores was rel- 
atively depressed. The mean minimum score for the 
18 children with low l-minute Apgar score was — 1.29 
(SD 0.76). In other words, in the Griffiths subscale on 


which they performed worst, these children scored an 
average 1.29 standard deviations below the mean. This 
was significantly lower (p < 0.02) than the mean min- 
imum score for the children in group Ds (—0.79: SD 
0.77). There was no difference in the maximum stan- 
dardized scores for the two graups: 0.94 (SD 0.86) for 
children with low Apgar scores compared with 0.88 (SD 
0.90) for group Ds. The minimum scores for children 
with low Apgar scores were not concentrated in any 
particular area of performance. 

Very acidotic children (n = 27). Since it was possible 
that a failure to demonstrate differences between 
groups A, B, C, and Ds was related to a relatively high 
cutoff point for pH (1 SD below the mean), those chil- 
dren from groups A and B with an umbilical artery pH 
of =7.04 (2 SD below the mean) were compared with 
group Ds (normal acid-base status). 

The very acidotic children did not perform worse 
than those in group Ds on any of the tests. Indeed, on 
overall performance 52% were graded as totally un- 
impaired (grade 1) compared with 39% in group Ds 
and 28% of the less acidotic children (pH 7.05 to 7.10). 
Neurotic-type behavior problems were also underrep- 
resented within this very acidctic group. 

All children with Apgar scores of 3 or below. Because our 
results have suggested some deficit in performance 
among children in group E (i.2., low Apgar score at 1 
minute without acidosis), the results of all infants in the 
cohort with Apgar scores of =3 (at 1 minute) (both 
nonacidotic and acidotic) were further analyzed. 
Therefore the seven infants <rom group A and one 
infant from group B with Apgar score of = 3 were 
considered, as well as those frem group E. As Table VI 
shows, the eight acidotic children with low Apgar 
scores had higher mean scores than those in group E 
on three subscales: locomotor, personal/social and 
hearing/speech. On these subscales, acidotic children 


Volume 161 
Number 1 


with low Apgar scores had mean scores very close to 
those of the control group Ds. On the two other sub- 
scales, the acidotic low Apgar score group performed 
somewhat worse than group E. None of the differences 
between the acidotic children with low Apgar scores 
and group E was statistically significant. 


Comment 


Sykes et al. demonstrated that during the intrapar- 
tum period there is a poor correlation between clinical 
evidence of depression as measured by Apgar score and 
umbilical artery pH and base deficit except at the ex- 
tremes of acidosis. This confirmed the original findings 
of James et al., which have been since corroborated by 
Lumley and Wood” and Dijxhoorn et al.” 

The relationship between neonatal neurologic state 
and acid-base status at birth is equally uncertain. 
Dijxhoorn et al.” showed that umbilical artery pH 
had a low predictive value in detecting term infants 
with neurologic abnormality, although Huisjes et al.” 
pointed out that in already-compromised infants (i.e., 
preterm or growth-retarded infants), neonatal neuro- 
logic signs showed an association with preceding aci- 
dosis, and this may well be an important distinction. 

Sheridan-Pereira et al.” described a syndrome of dis- 
tal hypertonia, abnormal movements, and altered neo- 
natal neurobehavior in infants with an umbilical venous 
pH of <7.20. In that study both Apgar score and cord 
venous pH were significantly, although not strongly, 
predictive of abnormal neonatal neurology. 

This uncertainty of the significance of acid-base sta- 
tus in predicting neurologic status either at birth or in 
the neonatal period is extended to observation at sub- 
sequent follow-up. It has been assumed on the basis of 
limited animal experimental evidence that a severe aci- 
dotic response is associated with neurologic deficit.” 
Low et al.”* followed up at age 5 years, 37 infants with 
abnormal acid-base status in umbilical artery blood at 
birth (buffer base <34 mEq/L). They found no cases 
of cerebral palsy or other major or minor neurologic 
handicap and no significant differences in development 
from that found in a control group. 

In a subsequent study, at 1 year, Low et al” dem- 
onstrated a gradient of major deficit among high-risk 
infants of varying gestational ages as metabolic acidosis 
in umbilical artery blood increased. A recent study by 
Ruth and Raivio” found that umbilical arterial pH 
<7.16 was not a goad predictor of developmental ab- 
normality at 1 year of age. Except for these studies, 
there is a remarkable lack of information on the late 
outcome of infants who were “acidotic” at birth. Tou- 
wen and Huisjes” found that acidemia was associated 
with abnormal neonatal neurologic findings, particu- 
larly in growth-retarded fetuses, but not with abnormal 
neurologic findings at 4 to 6 years old. 

In our study 11% of the children examined had a 
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definite impairment. This proportion is similar to that 
described by Brimblecombe et al.'* As expected, we 
demonstrated that higher social class, female sex, and 
nursery school attendance were associated with signif- 
icantly better performance on some Griffiths subscales. 

However, our results show no relationship between 
umbilical artery acid-base status in term infants and 
poor neurodevelopmental outcome at age 4% years. 
Theoretically this might have been because infants with 
severe acidosis at birth died and those who survived 
survived intact—the “all or none effect.” However, 
only three deaths occurred among the term infants in 
the original cohort, and these were attributable to con- 
genital malformations. None had intrapartum acidosis. 

It is interesting to compare our study with that of 
Ruth and Raivio.” The birth cohorts studied are nu- 
merically similar, but unlike ours, the Finnish study 
included preterm infants. Notably, the degree of aci- 
dosis at birth was minimal compared with that in the 
cohort on which our study was based.° The value of pH 
2 SD below the mean was 7.16 for vaginal deliveries 
and 7.25 for cesarean deliveries compared with 7.04 in 
our hospital. A further difference was that our follow- 
up measures were sensitive to lesser degrees of hand- 
icap, and the children were 3 years older. This is re- 
flected by the fact that the Finnish study, which was 
initially based on well-baby clinic screening, found only 
5% with adverse outcome, both definite and “slight.” 
By contrast, using our criteria 11% of the children in 
our group with normal acid-base status at birth (Ds) 
had definite impairment. An additional 20% had mild 
impairments that would not have been identified by 
less sophisticated outcome measures. Yet even with 
these more sensitive outcome measures, we were unable 
to show a relationship between acidosis at birth and 
later outcome. 

Progressive acidosis is a physiologic response to labor. 
We suggest that the capacity to respond to intrapartum 
stress by a further acidotic shift may also be a physio- 
logic adaptive adjustment that bodes well for future 
neurologic integrity. Indeed, in our study unimpaired 
children (coded 1) predominate among those who were 
severely acidotic. A similar finding was made by Ruth 
and Raivio.” Of the six children in their study who 
were severely acidotic at birth, only one was “slightly 
abnormal” at age 1 year. Therefore we speculate that 
the absence of an acidotic shift may be a sign of a 
compromised fetus. This may explain our observation 
that of the children who had an Apgar score of <4, 
those who were not acidotic appeared to fare worse in 
some areas than those who were acidotic. Our numbers 
were small, but the findings concur with those of 
Dijxhoorn et al.” These findings need to be explored 
further in a larger study. 

Our results, if confirmed, would carry clinical and 
medical-legal implications. Until the relationships be- 
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tween the measurements that have been assumed to be 
indirect markers of fetal asphyxia and the ultimate neu- 
rodevelopmental outcome of the infant have been fur- 
ther clarified, the greatest caution must be exercised 
before assignment of the cause of later impairment to 
asphyxia as defined by these markers alone. 
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of Obstetrics and Gynaecology, Oxford, provided help- 
ful advice and comment. We also thank Miss Philippa 
Claiden, Miss Sarah Ayers, and Mrs. Olive Goddard 
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The effect of elevated blood glucose on the 
electroencephalogram and cerebral metabolism during 
short-term brain ischemia in fetal sheep 


Conrad R. Chao, MD, A. Roger Hohimer, PhD, and John M. Bissonnette, MD 


Portland, Oregon 


The effect of cerebral ischemia on cerebral metabolism and the electroencephalogram was studied with 
and without prior glucose infusion in near-term normoxic fetal sheep. At normal blood glucose levels, the 
electroencephalogram decreased in amplitude during ischemia. At elevated blood glucose levels the 
electroencephalographic amplitude was much less attenuated by ischemia although Fast Fourier 
Transforms revealed a shift toward slower frequencies. Under either normal or elevated blood gluocse 
conditions, ischemia caused cerebral oxygen consumption to decrease, glucose uptake to increase, and a 
net efflux of lactate to occur. Elevated blood glucose appears to help maintain electroencephalographic 
activity during ischemia, perhaps by fueling additional anaerobic energy production. The relationship 
between the electroencephalogram, brain metabolism, and brain damage remains to be defined. (Am J 


Opstet GYNECOL 1989:161:221-B.) 


Key words: Fetal brain, metabolism, electroencephalogram, glucose, ischemia 


Previous studies of the relationship between cerebral 
metabolism and the electroencephalogram (EEG) dur- 
ing intrauterine hypoxic-ischemic conditions have fo- 
cused on the response to arterial hypoxic hypoxia, a 
state in which both arterial blood pressure and cere- 
bral blood flow are elevated.” However, Wagner 
et al.’ and Ting et al.“ have emphasized the importance 
of hypotension and the resultant cerebral ischemia 
in the genesis of the metabolic and histopathologic 
changes of fetal brain injury. We recently demonstrated 
that reducing cerebral perfusion pressure by brachio- 
cephalic artery occlusion, while maintaining flow to 
most of the body, generates a state of cerebral ischemic 
hypoxia. The associated metabolic derangements were 
consistent with tissue hypoxia (low venous oxygen ten- 
sion), anaerobiosis (lactate efflux), and perhaps brain 
glucose depletion.? 

The studies by Myers et al’ in adult and juvenile 
animals have emphasized the adverse effect of hyper- 
glycemia in the genesis of hypoxic-ischemic brain in- 
jury. These studies emphasized the importance of gly- 
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cogen stores and tissue lactate accumulation in regions 
of the brain that undergo injury. Fetal and neonatal 
studies of hyperglycemia have not yielded consistent 
results. Blomstrand et al.' reported that hyperglycemia 
was associated with a decrease in cerebral oxygen con- 
sumption and a trend toward deterioration in the so- 
matosensory evoked potential in hypoxic fetal sheep. 
Conversely, Mann et al.” reported that glucose loading 
had no effect on the umbilical venous Po, required to 
induce isoelectricity. All of these studies were carried 
out in fetal sheep; however, the discrepancy may be 
due in part to the three different end points selected: 
neurohistology,° somatosensory evoked potential,' and 
an isoelectric EEG.’ Vannucci et al.” and Voorhies et al.* 
found that glucose given before hypoxia in newborn 
rats did not increase histologic brain injury and was 
associated with increased duration of survival during 
hypoxia. The differences between these findings and 
those of Myers et al. may be explained in part by the 
different species or differences in central nervous sys- 
tem development at the time of study. 

We have sought to test the hypothesis that in near- 
term fetal sheep elevations of blood glucose immedi- 
ately before short-term, incomplete, global cerebral 
ischemia would partially prevent the attenuation of the 
EEG, Additionally we have attempted to determine if 
blood glucose elevations before ischemia would alter 
the cerebral uptake of glucose and oxygen or the efflux 
of lactate. In a previous study? we noted that when 
measurements are begun 2 minutes after fetal cerebral 
ischemia is instituted, oxygen consumption was de- 
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Table I. Blood oxygen, glucose, and lactate concentrations 
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Control 


Arterial Po, (mm Hg) 23.4 + 0.7 

Venous Po,* (mm Hg) 18.3 + 0.8 

Arterial PCO; (mm Hg) 50.7 + 1.4 

Arterial oxygen content 3.9 + 0.2 
(mmol/L) 

Venous oxygen content* 2.8 + 0.1 
(mmol/L) 

Arterial glucoset 1.32 + 0.09 
(mmol/L) . 

Venous glucose 1.15 + 0.12 
(mmol/L) 

Arterial lactate (mmol/L) 1.35 + 0.09 

Venous lactate* (mmol/L) 1.36 + 0.10 


Ischemia 


Normal glucose 





Elevated glucose 


23.4 + 0.9 23.3 + 0.8 
7.6 + 0.4 8.5 + 0.6 
48.7 + 0.6 50.1 + 0.9 
3.8 + 0.2 3.9 + 0.1 
0.6 + 0.1 0.9 + 0.1 
1.28 + 0.09 2.52 + 0.13 
0.46 + 0.07 1.69 + 0.09 
+ 0.11 1.50 + 0.10 
+ 0.10 1.73 + 0.07 





*Both ischemic values different from control (p < 0.01). 


tElevated glucose values different from control and normal glucose ischemia (p < 0.02). 


tAll groups different from each other (p < 0.01). 


pressed. In this study we wished to evaluate the role of 
glucose availability during this period of depressed ce- 
rebral metabolism that occurs shortly after ischemia is 
initiated. 


Material and methods 


Surgical procedures. At 120 to 129 days of gestation, 
eight ewes of mixed Western breed were anesthetized 
with 7 to 10 mg/kg intravenous thiamyl sodium fol- 
lowed by positive-pressure ventilation with 1% halo- 
thane in 50% nitrous oxide and 50% oxygen. Hyster- 
otomy was performed and polyvinyl catheters inserted 
into both fetal brachial arteries and advanced until the 
tips approached the brachiocephalic artery. A hind limb 
vein catheter was placed and advanced into the inferior 
vena cava. A trephine was used to remove a | cm cir- 
cular portion of the skull in the midline to expose the 
sagittal sinus midway between the coronal and lamb- 
doidal sutures. The sinus was then punctured with a 
needle and a polyvinyl catheter inserted caudally to the 
vicinity of the confluens (about | cm). Stainless steel 
electrodes (Cooner Wire, Chatsworth, Calif.) were 
placed supradurally 1 cm lateral to the midline at the 
junction of the lambdoidal and sagittal sutures through 
small burr holes. A left lateral thoracotomy was then 
performed and an inflatable occluder (In Vivo Metrics, 
Healdsberg, Calif.) placed around the common bra- 
chiocephalic artery, which supplies both forelimbs and 
carotid arteries in this species. All fetal incisions were 
closed and a polyvinyl catheter was sewn to the fetal 
skin for amniotic fluid pressure measurement. 

. The maternal abdomen was closed and one million 
units of penicillin G was deposited in the amniotic fluid. 
After operation animals were allowed at least 4 days to 
recover before any studies. Animal housing, care, and 
use were in accordance with the National Institutes of 


Health Guide for the Care and Use of Laboratory An- 
imals. 


Experimental procedures 

Physiologic measurements. Ewes were allowed food and 
water as desired throughout the study period. The 
catheters were connected to strain gauges (Statham, 
Oxnard, Calif), which had been calibrated with mer- 
cury manometers. Mean arterial pressures were de- 
rived electronically (0.3 Hz low-pass filter, Beckman 
type 9853 coupler, Beckman Instruments, Fullerton, 
Calif.). The pressures from the brachial artery, which 
was distal to the occluder, and sagittal sinus were dig- 
itized; the difference (the cerebral perfusion pressure) 
was calculated by a computer, and the perfusion pres- 
sure was automatically regulated by changing the 
amount of saline solution in tne balloon occluder. In 


_ this manner perfusion pressure could be prospectively 


specified and controlled. 

Cerebral blood flow measurements. Regional cerebral 
blood was measured with radionuclide-labeled micro- 
spheres and the reference sample technique.” ° For 
each blood flow determination a well-dispersed sus- 
pension of approximately 2 x 10° 15 pm microspheres 
in 6% dextran was injected over 15 seconds into the 
hind limb vein followed by a fush of 3 ml saline. Ref- 
erence sample blood was withdrawn from a brachial 
artery at a rate of 2.14 ml/mir: for a period beginning 
just before the injection and continuing for 3 minutes 
after injection. The isotopes utilized were cerium 141, 
chromium 51, strontium 85, niobium 95, and scandium 
46. After completion of the experiments the animal was 
killed with intravenous barbiturate and phenytoin. A 
postmortem examination was performed to verify cath- 
eter placement and to remove the brain. The brain 
tissues were counted with the reference samples in a 
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Table II. Hemodynamic and metabolic measurements during ischemia 





Control 


Perfusion pressure* 42+ 1 
(mm Hg) 
Cerebral blood flow* 121 +9 


(ml/min/100 gm) 


Oxygen consumption 128 + 3 
(umol/min/100 gm) 

Glucose consumption 2124 
(pwmol/min/100 gm) 

Lactate flux* —2.0 + 2.2 
(wmol/min/100 gm) 

Glucose/oxygen quotient* 0.95 + 0.15 

Glucose/oxygen/lactatet 0.91 + 0.16 


Ischemia 











Normal glucose Elevated glucose 


1241 


10+ 1 
33 + 3 313 
103 + 6 94+ 9 
26 + 2 25 + 3 
-4.2 + 0.8 -7.1 + 1,5 
1.53 + 0.10 1.62 + 0.16 
1.40 + 0.10 1.39 + 0.16 








*Both ischemic values different from control (p < 0.01). 
{Both ischemic values different from control (p < 0.02). 


multichannel analyzer (Model 601, Packard/Nuclear 
Data, Schaumburg, Il). Isotopic separation and blood 
flow calculation were performed by methods that have 
been previously described." 

Blood sampling and analysis. Arterial and sagittal ve- 
nous blood samples (3 ml) were anaerobically obtained. 
Sagittal sinus blood has been validated as a means of 
sampling exclusively cerebral venous drainage, because 
extracerebral contamination is negligible."® Blood gas 
and pH determinations were made at 39° C with a 
model 3BGS blood gas analyzer (Radiometer, Copen- 
hagen). Oxygen contents were measured with a Lex- 
O,-Con (Lexington Instruments, Waltham, Mass.). Glu- 
cose and lactate were measured in duplicate in frozen- 
thawed whole blood with glucose oxidase—hydrogen 
peroxide and lactate oxidase—hydrogen peroxide 
methods (YSI 23A glucose analyzer, Yellow Springs In- 
struments, Yellow Springs, Ohio). The instrument was 
calibrated daily with standard solutions. Intrareplicate 
reproducibility was within 4%. 

Electroencephalographic recordings. Fetal] EEG signals 
were amplified and displayed on a strip chart recorder 
(model R612, 9853 coupler, Beckman) and digitized at 
95 Hz with an analog-to-digital converter (Data Trans- 
lation DT2801, Marlborough, Mass.) and the Labtech 
Notebook software (Laboratory Technologies Corpo- 
ration, Wilmington, Mass.). An independent 100 pV 
voltage source was used for calibration. Signals were 
electronically filtered by a 30 Hz low-pass filter: 

Fast Fourier Transforms and power spectral analyses 
were performed over 25-second intervals by the Fast 
Fourier Transform subroutine in the Labtech Note- 
book package. The EEG during the 25-second nor- 
motensive period immediately before the initiation of 
ischemia was recorded as the control recording for that 
experiment; the 25 seconds beginning at the time of 
blood sampling, approximately 2 minutes after the on- 


set of ischemia, was recorded as the experimental EEG. 
Total EEG power for a given ischemic experiment was 
determined by summing the power spectra in 1 Hz 
brackets over the range 0 to 30 Hz. This was then 
expressed as a percent change from the total EEG 
power of the control recording for that experiment. 


. Power frequency distributions were calculated by di- 


viding the power spectra into 6-range (0 to 3 Hz), 9- 
range (4 to 7 Hz), a-range (8 to 11 Hz), o-range (12 to 
14 Hz), and B-range (15 to 30 Hz) and dividing the 
power contained in each band by the total power in 
that recording. 

_ Protocol. We have previously shown that 2 to 5 min- 
utes of ischemia produces a decrease in cerebral oxygen 
consumption and an efflux of lactate from the fetal 
brain’; therefore a similar short-term protocol was 
used. After control measurements of cerebral blood 
flow, blood gases, and arterial and sagittal venous glu- 
cose and lactate, animals were randomized to receive 
either a 10 ml infusion of 7.5% glucose in saline solution 
in the hind limb vein or saline solution only. The EEG 
recording was then begun and the infusion given in- 
travenously over 1 minute. After 1 minute the balloon 
occluder was inflated to reduce cerebral perfusion pres- 
sure to approximately 10 mm Hg. After 2 minutes of 
ischemia, arterial and venous samples were taken, the 
EEG recorded, and another microsphere measurement 
was made. The balloon occluder was then released. 
After at least a 2-hour interval, the experiment was 
repeated with the alternative treatment. In a number 
of the animals the ischemic experiments were repeated 
in the reverse order. 

Calculations and data analysis. Metabolic fluxes 
were calculated as the product of arteriovenous differ- 
ence times the cerebral blood flow. The glucose/oxy- 
gen molar quotient was calculated as six times the glu- 
cose uptake divided by the oxygen uptake. The glu- 
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Fig. 1. EEG recordings from fetus during control conditions in low-voltage (A) and high-voltage (B) 
states. EEG amplitude i is greatly attenuated after 2 minutes of cerebral ischemia at normal blood 
glucose levels (C) but is much less attenuated if blood glucose levels were elevated before ischemia 


(D). 


cose/lactate/oxygen molar quotient was calculated as 
the quantity six times the glucose uptake minus two 
times the lactate efflux divided by the oxygen uptake. 
Grouped means and SEMs between control (no occlu- 
sion), ischemic, and elevated blood glucose ischemic 
conditions were calculated for the eight control mea- 
surements and for 13 normoglycemic ischemic and. 10 
elevated glucose ischemic experiments.. Statistical sig- 
nificance of. continuous data was inferred by analvsis 
of variance followed, when indicated, by post hoc least 
significant difference tests. Significance for data that 
were not normally distributed was determined by Krus- 
kal-Wallis analysis of variance by ranks and x”. Spear- 
man rank order correlation was performed to correlate 
EEG changes with the metabolic anid blood chemical 
measurements. 


Results 

Metabolic measurements. Blood gas tensions, blood 
glucose concentrations, and blood ‘lactate concentra- 
tions are presented in Table I. The arterial blood gas 
tensions ahd lactate concentrations were comparable 
and not different from control under both ischemic 


conditions. As shown in Table IJ, perfusion pressure 
and. blood flow were significantly reduced by the bal- 
loon occlusion to approximately 25% of control in both 
normal and high blood glucose ischemic conditions. 
During ischemia, the widened arteriovenous difference 
for oxygen content resulted in significant decreases in 
venous oxygen content and Pos, reflecting the ischemic 
hypoxia with glucose and. nonglucose. experiments 
being similarly affected. The arteriovenous difference 
for glucose widened during ischemia to approximately 
0.8 mmol/L in both cases. Whereas venous glucose fell 
to 0.46 mmol/L in normoglycemic ischemia, when 
arterial glucose was high, the sagittal venous (out- 
flow) blood from the brain maintained a value (1.69 
mmol/L) in excess of the control arterial glucose con- 
centration (Table Qh. 

' Oxygen ‘consumption (Table IJ) decreased signifi- 
cantly between control and both ischemic groups. The 
ischemic groups were not different from each other. 
There was an increase in glucose uptake that did not 
reach significance; glucose-infused and saline solution— 
infused means were essentially the same. Mean lactate 
efflux was significantly increased above control in both 
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Fig. 2. Elevation of blood glucose before ischemia increases total EEG power during ischemia relative 


to normoglycemic ischemia. 
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Fig. 3. Cerebral ischemia after elevation of blood glucose concentrations was associated with a shift 


of power toward slower frequencies. 


ischemia groups, and they were not significantly dif- 
ferent from each, other. The glucose/oxygen quotient 
was significantly increased above control in both ischi- 
emia groups and they likewise did not differ from each 
other. Similarly, the glucose/lactate/oxygen quotient 
was significantly increased above control in both isch- 
emia groups but was not different between the hyper- 
glycemic and normoglycemic ischemic groups. 
Electroencephalographic findings. A series of digi: 
tized recordings from a typical animal are presented 
in Fig. 1. The high- and low-voltage electrocortical 
states’** can be easily distinguished. Both ischemic pe- 
riods were initiated from the low-voltage state. To the 
naked eye, the amplitude of the EEG of the elevated 
glucose ischemic experiment clearly exceeds that of the 
normal blood glucose ischemia; summation of fre- 
quency bands for total power determination demon- 
strates that the elevated blood glucose tracing contains 


° 371% of control power, whereas the normoglycemic 
recording exhibits only 33% of control power. Thus in 
this example the administration of glucose appears to 
preserve electrocortical function during cerebral isch- 
emia. It is difficult to distinguish the elevated glucose 
ischemia from the high-voltage control with respect to 
amplitude or apparent frequency distribution." 

Because the total power percent changes from con- 
trol were not normally distributed, they were analyzed 
in a nonparametric manner by dividing them into three 
groups: a >50% increase from control power (severe 
attenuation), a <50% decrease from control (moderate 
attenuation), or an increase relative to control (in- 
creased power). Fig. 2 depicts the changes in power 
expressed in terms of glucose status; the tendency for 
prior glucose infusion to maintain or augment EEG 
amplitude and power during ischemia was highly sig- 
nificant. 
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Table HI. Cerebral metabolism with alterations in EEG during ischemia 





Increased 
power 
Cerebral blood flow* 87 +3 
> (mg/min/100 gm) 
Oxygen consumption} 109 + 6 


(wmol/min/100 gm) 
Glucose consumption 2642 
(umol/min/100 gm) é F 
=E E al 


Lactate flux 
(winol/min/100 gm) l 

Arterial oxygen con- 3.8 + 0.2 
tenz (mmol/L) f 

Venous oxygen content 0.8 + 0.1 
(mmol/L) 

Arterial glucose 2140.2 
(mmol/L) 

Venous glucoset 14+ 0.2 
(mmol/L) 


Moderate Severe 
atlenuation allenuation 
38 + 3 28 + 4 
109 + 9 87 +9 
30 + 3 23 +3 
-4.9 +19 ~4.6 + 0.8 
3.6 + 0.3 4.0 + 0.2 
0.7 + O01 0.7 + 0.1 
1.6 + 0.4 1.7 + 0.2 
0.8 + 0.3 0.8 + 0.2 





*h < 0.03, Spearman rank order correlation. 
tp < 0.07, Spearman rank order correlation. 


During ischemia there was a significant decrease in 
power in higher-frequency bands and an increase in 
the lower-frequency bands relative to control in the 
glucose-infused group (Fig. 3); this effect was not sta- 
tistically demonstrable in the normoglycemic ischemia 
group. eo 
_ The EEG and metabolism. Table III preserits met- 
abolic fluxes for the EEG subclasses. Change in total 
EEG power was significantly correlated with cerebral 
blood flow, oxygen consumption, and venous glucose 
concentration, although the correlations with oxygen 
consumption and venous glucose were of borderline 
significance. There was, however, no correlation be- 
tween EEG functional class and venous oxygen content, 
glucose uptake, or lactate efflux. 


Comment 


We have demonstrated that elevations in blood glu- 
cose before cerebral ischemia maintain EEG amplitude 
arid power when conipared with normoglycemic isch- 
emia. Additionally, when glucose was elevated, the pro- 
portion of the power in slower frequency bands in- 
creased during ischemia, while that in faster frequency 
bands decreased. 

During ischemia, oxygen consuinption fell while glu- 
cose uptake increased, and a net lactate efflux was ob- 
served. Because arteriovenous differences for glucose 
and oxygen increase during ischemia, the venous con- 
centrations fall. Thus venous blood and perhaps brain 
tissue were both hypoxic and had low concentrat.ons 
of glucose during ischemia in the absence of a glucose 
infusion. These findings confirm our previous obser- 
vations of severe ischemia.* In this current study there 
were no significant differences between prior glucose- 
infused and saline solution—infused ischemic trials with 
regard to these metabolic parameters, although there 


was a trend toward greater lactate efflux with elevated 
glucose. The ischemic glucose/oxygen quotient was 
greater than unity in either glucose condition, indicat- 
ing that more glucose was taken up than could be ox- 
idized by the measured consumption of oxygen. Thir- 
inger et al.? noted a similar relationship between 
glucose/oxygen quotient and deterioration in soma- 
tosensory evoked potential during hypoxemia; a mild 
impairment was associated with quotients of 1.42 to 
1.43, whereas severe impairment was associated with a 
quotient of 2.1. 

Even when the measured lactate efflux is accounted 
for with the glucose/lactate/oxygen quotient, a portion 
of glucose uptake is stoichiometrically unaccountable, 
suggesting that lactate production may exceed the mea- 
sured efflux because of membrane. transport limita- 
tions, as we have previously speculated.’ It should be 
noted, however, that a recent study has shown that 
brain lactate levels measured by in vivo nuclear mag- 
netic resonance spectroscopy were not elevated in new- 
born lambs given a glucose infusion after 20 minutes 
of brain ischernia."* Glucose infusion failed to elevate 
brain lactate above that seen in noninfused ischemic 
lambs despite an increase in glucose arteriovenous dif- 
ferences. 

Taken together, these observations suggest that dur- 
ing cerebral ischemia, oxygen consumiption and glucose 
oxidation are inadequate to meet the needs of the cells; 
glucose uptake increases to fuel anaerobic glucose me- 
tabolism, resulting in production and net efflux of lac- 
tate. Energy production from this excess glucose is lim- 
ited to anaerobic glycolysis. In the normoglycemic con- 
ditions, EEG power could not be maintained despite 
these adaptations. 

Glucose infusion before ischemia did not enhance 
glucose uptake or lactate efflux during ischemia, al- 
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though it may have increased lactate production and 
improved electroencephalographic function. It is im- 
portant to note that the Fick technique measures net 
fluxes of substrates rather than metabolic rates. There 
will be a close relationship between net fluxes and met- 
abolic rates for substrates that cannot be stored in tissue, 
such as oxygen, whereas metabolic rates for substrates 
such as carbohydrates will be the sum of net flux and 
net change in the tissue pool. Although we did not 
measure tissue concentrations, it is likely that the tissue 
concentration of glucose before the initiation of isch- 
emia was increased by the glucose load. Thus endog- 
enous stores of glucose were probably greater after 
glucose loading. 

The amount of endogenous stores becomes impor- 
tant because venous concentrations of glucose in these 
experiments become very low in normoglycemic isch- 
emia because of the combined effects of the increase 
in net influx and the decrease in blood flow. Previous 
studies of metabolite concentrations in the fetal sheep 
cerebral cortex during combined hypoxia-hypotension 
demonstrated a whole tissue extract glucose concen- 
tration of 0.44 mmol/kg, which is slightly less than our 
measured venous concentration.’ It is interesting to 
note that venous oxygen contents were the same in all 
three classes of EEG impairment, whereas venous glu- 
cose concentration was significantly higher when func- 
tion was preserved than when experiments were done 
in which the EEG was attenuated (Table III). This sug- 
gests but does not establish that the low glucose con- 
centration, rather than the low oxygen concentration, 
limited neural function. Furthermore, the low glucose 
concentration may have limited tissue lactate produc- 
tion during normoglycemic ischemia. 

Elevations in blood glucose may then help maintain 
electrical activity during ischemia because of anaerobic 
glycolysis of the increased stores. This would also ex- 
plain the trend toward increased efflux of lactate. 
Therefore direct measurement of the tissue concen- 
trations would be necessary to confirm these specula- 
tions. 

Our data conflict with those of Blomstrand et al.' and 
Mann et al., who reached other conclusions regarding 
the effect of glucose loading on the EEG during intra- 
uterine hypoxia-ischemic conditions. Blomstrand et al. 
studied anesthetized fetal sheep during maternal hyp- 
oxia. On a scale of 0 to 5, with 5 representing the most 
severe deterioration of somatosensory evoked poten- 
tial, arterially hypoglycemic fetal sheep (0.5 mmol/L) 
demonstrated a mean score of 1.22, whereas in hyper- 
glycemic fetuses (2.25 mmol/L) the mean value in- 
creased nonsignificantly to 1.88. Oxygen consumption 
in this experiment fell to 48 pmol/min/100 gm, sug- 
gesting a more severe derangement of metabolism. 
Spontaneous EEG results were not reported. Mann 
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et al. studied anesthetized fetal sheep during maternal 
hypoxia and found that the arterial Po, at the onset of 
isoelectricity was not different between elevated blood 
glucose and euglycemic fetuses. However, because ce- 
rebral blood flow and metabolism and cerebral venous 
oxygen tensions were not studied, it is not possible to 
compare the severity of the hypoxic insult with that of 
our experiment. The fact that all fetuses became iso- 
electric in that experiment suggests that the insult was 
more severe. 

Hypoxic slowing of the EEG has been described in 
human adults” and in fetal sheep.’* We were able to 
statistically demonstrate this effect in fetuses with ele- 
vated blood glucose levels. As noted in the Results sec- 
tion, a similar trend was observed during normogly- 
cemic ischemia. It is also difficult to precisely charac- 
terize the frequency composition of a near-isoelectric 
waveform with Fast Fourier Transform. 

Interestingly, Ishikawa and McDowell found that 
electrical activity in lightly anesthetized, normoxic, hy- 
potensive cats approached isoelectricity at cerebral 
blood flows of about 20 to 25 ml/min/100 gm, close to 
the severely affected EEG class in this experiment. 
Other investigators” have found the critical flow 
threshold to be closer to 15 to 20 ml/min/100 gm in 
adults. It is possible that in fetal animals the lower ar- 
terial oxygen concentration causes loss of function at 
higher blood flows during ischemia. 

Although we could not differentiate the “increased 
power” recordings from those of a typical control high- 
voltage state, visually or with Fast Fourier Transform 
analysis, the metabolic measurements differed from 
that of typical high voltage. Oxygen consumption was 
reduced to a mean of 109 pmol/min/100 gm, and a 
lactate efflux of 7.5 mol/min/100 gm was detected; 
the stoichiometry of the measured fluxes implies that 
anaerobic consumption of glucose occurs. This suggests 
that the high-voltage state previously described during 
hypoxia” may be metabolically distinct from the high- 
voltage state observed during normoxia. 

It is not clear whether it is beneficial to maintain EEG 
amplitude and power in the face of tissue hypoxia- 
ischemia. Duffy et al.” have suggested that the depres- 
sion of function during severe hypoxia may represent 
a protective mechanism to conserve energy, perhaps 
because of a decrease in oxygen consumption. It is also 
possible that low tissue concentrations of glucose may 
also act as a protective signal to prevent either further 
energy expenditure, lactate production, or both. The 
studies of Myers et al.° suggest that, at least in adult 
and juvenile animals, glucose administration is associ- 
ated with histologic evidence of brain damage after 
hypoxia. For these reasons we would strongly recom- 
mend that no clinical inference be made from this study 
until more is known about the relationship between 
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glucose concentrations and brain damage. Clearly, 
there is a need for further study of the complex inter- 
action of brain function, metabolic substrates, oxygen, 
and blood flow in the genesis of brain injury during 
development. 

In conclusion, we have demonstrated that elevated 
blood glucose before noncomplete fetal brain ischemia 
maintains EEG power whereas power is lost during 
normoglycemic ischemia. This suggests that substrate 
availability may limit energy metabolism during severe 
cerebral ischemia in the sheep fetus. Anaerobic me- 
tabolism of increased endogenous tissue stores of 
substrate may support the persistent electrical func- 
tion observed during ischemia after prior glucose in- 
fusion. Further study with measurement of tissue con- 
centrations of carbohydrate substrates will be necessary 
for confirmation. 


The assistance of Sharon Knopp, Neil Notaroberto, 
Keri Stepper, and Gail Willeke is greatly appreciated. 
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Uncoupling of excitation from contraction in uterine smooth 


muscle in near-term ewes 


Deborah L. Reid, PhD, Mark C. Hollister, MD, Susan R. Davidson, MD, 
Terrance M. Phernetton, BS, and John H. G. Rankin, PhD 


Madison, Wisconsin 


We infused forskolin in 30% ethanol or 30% ethanol systemically in seven chronically catheterized 
near-term sheep to dete-mine the response of ovine uterine musculature to cyclic adenosine 
monophosphate stimulation. Maternal and fetal arterial pressures, fetal venous pressure, intrauterine 
pressure, and uterine electromyogram activity were monitored continuously. Prostaglandin E, was infused 
at a delivery rate that caused a minimal 5 mm Hg increase in intrauterine pressure with definite 
contraction-like pressure spikes and associated uterine electromyogram activity. Forskolin (10 mg in 30% 
ethanol) or ethanol (vehicle) was then infused for 20 minutes. The prostaglandin E, challenge was 
repeated 3 minutes later and again every 30 minutes over a 22-hour period. Data were analyzed by 
repeated measures analysis of variance. infusion of ethanol (n = 2) had no apparent effect on either the 
intrauterine pressure or the uterine electromyogram response to prostaglandin E, challenge. Forskolin 
infusion (n = 5) caused an attenuation of the intrauterine pressure response to prostaglandin E; for 93 
minutes. This effect was greatest 33 minutes after the Infusion ended when the integrated pressure signal 
was 37% of the initial prostaglancin E, response. The forskolin infusion had no effect on uterine 
electromyogram response to prostaglandin E,. We conclude that forskolin causes an uncoupling of 
excitation from contraction in the intact near-term ovine uterus, (Am J OpsteT GYNECOL 1989; 


161 :229-33,) 
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Forskolin, the extract of an herb indigenous to India, 
is a direct stimulator of adenylate cyclase. Recently, we 
have shown that forskolin is capable of vasodilation of 
the mature ovine placenta on both the maternal and 
fetal sides.''* We also have shown a similar effect on 
rabbit maternal! placental vessels.* 

Forskolin has been shown to diminish spontaneous 
contractions in rat myometrial strips.‘ This event has 
also been demonstrated in the rat and rabbit myome- 
trium in which relaxation was linked to increased cyclic 
adenosine monophosphate (cAMP) levels.* © We de- 
vised an experiment to determine whether forskolin 
can diminish the contractile response of ovine uterine 
smooth muscle to a controlled uterine stimulus. We 
measured both uterine electromyogram and intrauter- 
ine pressure in response to repeated prostaglandin E, 
(PGE) challenges to determine which, if either, mea- 
surement was affected by a ferskolin-induced increase 
in uterine smooth muscle cAMP. 
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Methods 


Animal preparation. Surgery was performed on 
seven pregnant ewes at 125 days’ mean gestational age. 
Intramuscular ketamine (10 mg/kg) and atropine (10 
pg/kg) were administered to induce anesthesia and re- 
duce tracheal secretion. Anesthesia was maintained 
throughout surgery with intravenous ketamine infused 
through a jugular vein catheter. Surgery was per- 
formed in accordance with our standard procedure.’ 
A fetal hind limb was exposed through a midline lap- 
arotomy and hysterotomy. Catheters were inserted into 
the hind limb artery aid vein; the tips were advanced 
to the abdominal aorta and inferior vena cava, respec- 
tively. A catheter with side holes was attached to the 
fetal skin to monitor intrauterine pressure and the uter- 
ine incision was repaired. Three electrode wires were 
anchored in the myometrium to record the uterine elec- 
tromyogram. Catheters were placed bilaterally in the 
maternal femoral arteries and advanced 20 cm. A final 
catheter was placed in the maternal right carotid artery 
and advanced to a position inside the left ventricle; 
placement was confirmed at surgery with a pressure 
transducer. Antibiotics were administered to the fetus 
(Chloromycetin, 100 mg/kg), intrauterine space (pen- 
icillin, 600,000 units), and ewe (penicillin, 400,000 
units, intramuscularly). The catheters and electrode 
leads were exteriorized through the maternal] flank and 
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Table I. Intrauterine pressure and uterine electromyogram responses to PGE, before and after systemic 


administration of forskolin 





Control 3 min 


Intrauterine pressure 
(mm Hg) 
Average 5.4 2.9% 
SEM £0.6 *+0.6 
Integrated 418.0 181.4* 
SEM +77.7 +49.8 
Uterine electromyogram 
(% control) 
Average 100.0 94.57 
SEM i +6.9 
Integrated 100.0 79.0 
SEM +6.9 


33 min 


155.8% 


63 min 93 min 123 min 153 min 
2.4* 3.3* 3.7% 3.9 4.3 
+0.7 +0.3 +1.0 +0.8 +0.7 
201.0* 241.6% 305.9 315.2 
+46.5 +37.6 +65.8 =+ 80.3 +64.8 
101.67 96.1 86.0 95.9 90.0 
+5.3 +5.8 +8.0 +8.3 +4.2 
95.97 82.8 88.4 96.7 85.7 
+11.3 +8.8 +15.7 +10.2 +6.1 





*p = 0.05, different from control. 
tn = 4. 


stored in a cloth pouch. The laparotomy was then 
closed. The maternal jugular vein and left ventricular 
catheters were secured to the neck with a locsely 
wrapped elastic bandage. The ewe was placed in a pen 
with free access to food and water during the 5-day 
recovery period. 

Experimental protocol. The ewe was moved to the 
laboratory on the day before the experiment. The 
morning of the experiment a 1 ml arterial sample was 
taken for analysis of blood gas tension and pH on an 
Instrumentation Laboratory System 1302 pH/blood 
gas analyzer (Lexington, Mass.). Measurements were 
recorded at 37° C and converted by algorithm to equiv- 
alent values at 39° C. Fetal arterial and venous pres- 
sures, intrauterine pressure, uterine electromyogram, 
and maternal arterial pressure were recorded with use 
of pressure transducers (Gould P23XL), Pidas datz ac- 
quisition system, and Beckman 711 chart recorder. An- 
alog signals were digitized on line. Both the analog and 
digitized signals were stored on magnetic tape. 


PGE, (Sigma) and forskolin (Calbiochem) solutions - 


were prepared on the morning of each experiment. 
Forskolin (10 mg) was dissolved in 7.5 ml of 95% eth- 
anol and mixed with 0.9% saline solution to a final 
volume of 25 ml. PGE, was diluted with saline soluzion 
from a stock solution. 

PGE, (0.012 + 0.002 mg/min) was infused into the 
left ventricle for a 83-minute period. An acceptable re- 
sponse to PGE, was defined, according to the criteria 
of Nathanielsz et al., as an increase in intrauterine 
pressure =5 mm Hg and increased uterine electro- 
myogram activity longer than 4 minutes in duration. 
If these criteria were not met, the PGE, challenge was 
repeated after a 30-minute period at a higher infusion 
rate. Generally, a response was seen with the first chal- 
lenge (0.01 mg/min) but on one occasion the infusion 
rate had to be increased (0.02 mg/min). 

Seven minutes after a successful PGE, challenge For- 


skolin (10 mg diluted in 25 ml of 30% ethanol) or ve- 
hicle (25 ml of 30% ethanol) was then infused through 
the maternal left ventricular catheter over a 20-minute 
period. Three minutes after the forskolin or vehicle 
infusion was stopped a second PGE, challenge was 
made (T = 3). PGE, infusion was repeated every 30 
minutes for 2 hours (T = 33, 63, 93, 123, 153). 

At the end of the experiment the ewe and fetus were 
killed with a lethal injection of euthanasia solution (T- 
61, Hoechst), followed by intracardiac injection of sat- 
urated potassium chloride. 

Forskolin dosage for this experiment was extrapo- 
lated from in utero work on myometrial contractility 
using 0.2 to 5.0 pmol/L forskolin.’ The lipid-soluble 
drug should distribute evenly throughout the maternal 
and fetal tissues. By use of an estimated body weight 
of 50 kg, we calculated that 10 mg of forskolin (mo- 
lecular weight = 410 gm) would result in a final con- 
centration of approximately 0.5 pmol/L forskolin. 

Data analysis. The digital tape was read with use of 
a VAX 8600 mainframe computer. Electrical output - 
signals were converted to appropriate pressure read- 
ings with calibration signals recorded on tape. Data files 
were then imported to local IBM computers and stored 
on hard disk. Data files were split into separate PGE, 
infusion periods: control, 3 minutes, 33 minutes, 63 
minutes, 93 minutes, 123 minutes, and 153 minutes. 
Polygraph records were examined to determine the 
time of the start and finish of each period of electro- 
myogram activity and intrauterine pressure response. 
Electromyogram and intrauterine pressure values were 
referred to the average value preceding PGE, infusion 
for each period. Average values were computed for 
each period of activity. Integrated values were calcu- 
lated by summing each 5-second value during a re- 
sponse. This calculation was made to assess the com- 
bined effects of magnitude and duration of each re- 
sponse. Fetal arterial pressure (referred to venous 
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pressure), maternal arterial pressure, and heart rate 
were calculated for each episode. The magnitude of 
the electrical signal from the uterine electromyogram 
electrodes varied with each sheep, depending on the 
placement and orientation of the electrodes on the 
uterus. To correct for interanimal variations, electro- 
myogram signals were normalized so that the magni- 
tude of each control signal was equal. The same cor- 
rection factor was used for each measurement in an 
individual animal. 

Data were analyzed with repeated-measures analysis 
of variance at the p = 0.05 level of significance. Dif- 
ferences between test values and control were accepted 
as significant (p = 0.05) when the overall analysis of 
variance test was significant. 


Results 


Experiments were performed on seven pregnant 
ewes on the one hundred thirtieth day of géstation. 
Arterial oxygen tension (103 + 4 mm Hg), carbon 
dioxide tension (35.3 + 2mm Hg), pH (7.456 + 0.02), 
and hematocrit (28% + 2.1%) were all within normal 
range for this laboratory. There were no apparent dif- 
ferences between ewes in the forskolin and vehicle stud- 
ies and the ewes appeared to be healthy. 

Vehicle infusion. In two pregnant ewes, intrauterine 
pressure and uterine electromyogram responses to 
PGE, challenge were measured before and after an 
infusion of a 25 ml solution of 30% ethanol. Prosta- 
glandin E, challenges were made every 30 minutes 
for 2⁄2 hours after the infusion, There was no differ- 
ence in either uterine electromyogram or intrauterine 
pressure response to PGE, at any time during the ex- 
periment. 

Forskolin infusion. In five pregnant ewes, maternal 
and fetal arterial pressure, intrauterine pressure and 
uterine electromyogram responses to PGE, were de- 
termined before and after an infusion of 400 pg/ml 
forskolin in 30% ethanol solution. Maternal and fe- 
tal arterial pressures were measured continuously 
throughout the experiment and did not demonstrate 
a significant change from control values at any time 
during the study. Mean maternal and fetal arterial pres- 
sures measured during the control period were 93 + 4 
and 46 + 2 mm Hg, respectively. 

The intrauterine pressure response to PGE, chal- 
lenge was compared before and at 30-minute intervals 
after forskolin infusion. Immediately after the forsko- 
lin infusion (T = 3 minutes), the magnitude (both in- 
tegrated signal and average) of the intrauterine pres- 
sure increment was sigificantly lower than control 
(Table I). This effect was maximized 33 minutes after 
forskolin infusion when the integrated and average in- 
trauterine pressure responses were 37% and 44% of 
control values, respectively. The response to PGE, chal- 
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Fig. 1. Effect of forskolin on integrated uterine electro- 
myogram and intrauterine pressure responses to PGE, before 
(C) and after forskolin infusion (3 through 153 minutes). Be- 
cause of electrical failure, N = 4 for uterine electromyogam 
response at 3 and 33 minutes; N = 5 fer all other data points. 
Asterisk denotes a difference from control values (p = 0.05). 


lenge continued to be significantly lower than control 
levels through the 63- and 93-minute PGE, challenges 
and returned to control levels after 123 minutes. These 
data are presented as the percentage of control levels 
in Fig. 1 for both intrauterine pressure and uterine 
electromyogram response. The duration of the pres- 
sure responses did not change from the control value 
of 377 + 51 seconds. Data from one animal are pre- 
sented in Fig. 2, which illustrates the normal electrical 
and contractile responses to PGE, before forskolin, the 
abolition of the pressure response after forskolin, and 
the gradual return toward the control condition. 

On two occasions contractile-like intrauterine pres- 
sure increments were seen in the absence of electro- 
myogram activity. These were interpreted as electrical 
failures; the data were not included in the final analysis. 

The uterine electromyogram response to PGE, chal- 
lenge showed no changes throughout the experiment. 
Both the integrated signal and the average voltage re- 
mained constant for each animal. The duration of the 
electromyogram response did not change from its con- 
trol value of 381 + 43 seconds. 


Comment 


Data from seven pregnant ewes were included in this 
study of the effects of forskolin on the uterine response 
to PGE, challenge. Maternal arterial blood gas tensions 
and pH, general appetite, and alertness all indicated 
that the ewes were in good condition. Therefore it is 
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Fig. 2. Effect of forskolin on contractile and electrical re- 
sponses to PGE; challenge in a single animal. Raw data are 
shown for control condition and for 3 and 93 minutes after 
forskolin administration. The uterine electrical activity is pre- 
sented in upper tracing and intrauterine pressure (IUP) in the 
lower panel. 


believed that the data herein constitute a normal phys- 
iologic response. 

Prostaglandin E, was- used in ‘this study to stimalate 
uterine contractions. Prostaglandin E, was favored be- 
cause of its immediate and well-defined effect on the 
uterus. Both uterine electromyogram and intrauterine 
pressure responses were apparent within 2 minutes of 
the onset of PGE, infusion. These indicators usually 
returned to normal within 10 minutes after the PGE, 
infusion was terminated. Intravenous oxytocin infusion 
is the standard method of labor induction in the clinical 
realm.’ This hormone was used in a preliminary study 
but gave a protracted and irregular response that was 
deemed unsuitable for quantitative analysis. 

This study demonstrates an attenuation of the intra- 
uterine pressure response to PGE, challenge in the face 
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of a continued normal uterine electromyographic re- 
sponse after systemic administration of forskolin to the 
late gestation ewe. Since intrauterine pressure isa phys- 
iologic marker of uterine contractility and uterine elet- 
tromyogram is a marker of uterine electrical activity, 
this study demonstrates a disruption of the normal 
excitation-contraction coupling of uterine smooth mus- 
cle mechanisms. This dissociation-of mechanical con- 
traction from electrical stimulus is a smooth muscle 
phenomenon that has also been observed in some cases 
in response to isoproterenol challenge. 

The use of intrauterine pressure to interpret uterine 
contractile activity has been questioned.? The amniotic 
fluid around the late gestation fetus is no longer con- 
fluent and an intrauterine pressure catheter-does not 
always accurately reflect an overall change in uterine 
tone because the pressure from a contraction may be 
absorbed by the fetus and fail to reveal a pressure in- 
crement. There are two reasons this was not considered 
a major difficulty in this study. First, only those: ewes 
that showed. a response to PGE, before forskolin in- 
fusion were studied. In addition to yielding baseline 
data, this PGE, challenge demonstrated that the intra- 
uterine catheter was functioning well. Second, the con- 
sistency of the results ‘suggests that catheter function 
was not'affected during the subsequent 3 hours by ran- 
dom fetal movements. | 

The possible contributions of the alcohol vehicle to 
the tocolytic activity demonstrated for forskolin were 
explored in two near-term ewes. Each ewe received an 
intravenous infusion of 25 ml 30% ethanol over a 20- 
minute period. As in the forskolin series, PGE, was 
administered systemically before the infusion and at 
30-minute intervals for 2% hours after the infusion. 
No effect of the ethanol was apparent on either the 
intrauterine pressure or uterine electromyogram re- 
sponse. This is most likely attributed to the small quan- 
tity of alcohol involved. Doses of ethanol used to effect 
tocolysis in a clinical setting are more than 20 times 
greater per kilogram of weight and are administered 
over much longer periods of time. 

The molecular basis for the actions of forskolin on 
smooth muscle remains unclear. Forskolin, a diterpene 
isolated from the native Indian herb Coleus forskohlii, is 
a direct stimulant of the catalytic subunit of adenylate 
cyclase.” The suksequent rise in cAMP levels has been 
associated with smooth muscle relaxation in many iso- 
lated systems including swine carotid artery, rat aortic 
rings, and rat myometrial strips.**'*!* Three mecha- 
nisms have been proposed for cAMP-mediated smooth 
muscle relaxation: (1) decreased net calcium ion influx, 
(2) phosphorylation of calmodulin-dependent myosin 
light chain kinase, and (3) increased intracellular cal- 
cium ion sequestration.'* Gerthoeffer et al.'* report that 
forskolin can relax carotid artery strips with no change 
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in levels of myosin phosphorylation. This response sug- 
gests there is no change in phosphorylation of myosin 
light chain kinase. However, the role of myosin phos- 
phorylation in smooth muscle relaxation remains con- 
troversial. Further reports suggest that forskolin acts 
by altering intracellular levels of calcium ion, either by 
internal sequestration or by changes! in net calcium ion 
influx. 

The electrical wave reflected in the uterine electro- 
myogram is largely a function of net calcium ion flux 
across the plasma membrane of uterine smooth muscle 
cells.*' The response of the uterine electromvogram to 
PGE, did not change at any time after forskolin infu- 
sion. It is therefore unlikely that forskolin causes 
smooth muscle relaxation by influencing net calcium 
ion influx during excitation. We surmise that forskolin 
causes uterine smooth muscle relaxation by causing in- 
creased formation of intracellular cAMP, which in turn 
elicits an increase in intracellular calcium ion seques- 
tration, or by provoking phosphorylation of myosin 
light chain kinase. 

In summary, systemic forskolin infusion caused a de- 
creased contractile response without affecting uterine 
electrical activity in response to PGE, in five near-term 
pregnant ewes, This study demonstrates that forskolin 
can influence uterine response to a contractile stimulant 
such as PGE, by an intracellular event independent of 
cellular excitation. 
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Gestational diabetes in the BHE rat: Influence of dietary fat 


Juliana M. Bue, BS, Dorothy B. Hausman, PhD, and Carolyn D. Berdanier, PhD 


Athens, Georgia 


Two studies were performed to assess the effects of fat feeding on glucose tolerance before, during, and 
after gestation of BHE rats. In the first study 5% or 22% fat diets were fed from 3 weeks before mating 
until after gestation. In the second study, these diets were fed from weaning until 400 days of age. 
Glucose tolerance before and after gestation was not affected by diet in the short-term study. At 19 days’ 
gestation, glucose tolerance had deteriorated in the pregnant rats that were fed with 22% fat diet. In the 
long-term study, abnormal glucose tolerance was observed before mating in rats that were fed the 22% fat 
diet. Tolerance improved during gestation and post partum, but still was not normal. Fertility and pup 
survival were significantly (50%) reduced in rats that were fed the 22% fat diet. These findings suggest 
that either short-term or long-term feeding of a 22% fat diet to BHE rats results in a model for human 
gestational diabetes that might be worthy of further study. (Am J Osstet GYNECOL 1989;161:234-40,) 


Key words: BHE rats, glucose tolerance, gestaticnal diabetes, fertility, neonatal survival 


Gestational diabetes mellitus, or glucose intolerance 
with recognition of onset during pregiiancy, occurs in 
approximately 1% to 3% of all pregnancies in human 
beings.’" It is associated with an increase in fetal and 
neonatal death as well as with an increase in fetal 
weight. The risk of maternal death. is also incr2ased 
and it is thought that women at risk for diabetes have 
more spontaneous abortions and more difficulty with 
conception. Its pathophysiology is poorly understood, 
in part, because of the lack of a small inexpensive an- 
imal model to use to study the disorder. 

The BHE strain of rat has many of the features com- 
monly associated with human adult onset noninsulin 
dependent diabetes miellitus. It is hyperinsulinemic 
early in life‘ but this hyperinsulinemia subsides <s the 
pancreas loses its ability to respond to a glucose chal- 
lenge. Peripheral insulin resistance is also observed in 
these rats, with compensatory changes in glucose me- 
tabolism in the liver.“* These changes include an in- 
crease in hepatic glycogenesis,’ lipogenesis,** and glu- 
coneogenesis from lactate. As glucose tolerance dete- 
riorates and the hepatic compensations become iñ- 
adequate, lipemia and glycemia are observed. Lastly, 
deterioration of renal, vascular, and cardiac tissve oc- 
curs and the animal dies of a variety of diseases at 
middle age. The average life span of the male BHE rat 
is about 600 days. That of normal Wistar or Sprague- 
Dawley rats is between 1000 to 1200 days. A die: rich 
in sucrose can hasten the appearance of lipemia and 
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glucose intolerance and further shorten the life span 
of these rats. Substitution of a highly saturated fat for 
an unsaturated fat such as corn oil can likewise alter 
the time frame for the appearance of these genetic traits 
and alter gluconeogenic rate,® mitochondrial activity,’ 
and glucose oxidation. Almost all of the work with 
BHE rats has been done with male rats to avoid the 
confounding effects of the estrus cycle on the mea- 
surements made. It is quite likely that the female BHE 
rat may have these same characteristics but little doc: 
umentation exists that assures us that this is so. None- 
theless, given the genetic tendency of the strain to man- 
ifest noninsulin dependent diabetes mellitus, and the 
report of Arnold and Thye’ that female BHE rats have 
an abnormal glucose tolerance, we decided to explore 
the possibility that female rats might be useful in the 
study of gestational diabetes. In this article we report 
results of our work to develop such a model. 


Material and methods 

Two experiments were conducted. The main differ- 
ence between the studies was the duration of feeding 
of the special diets. Experiment 1 corisisted of a short- 
term (3 weeks) feeding period that preceded gestation, 
whereas experimént 2 consisted of a long-term (25 
weeks) feeding period that preceded gestation. The 
short-term study used 175-day-old rats (12 rats per 
group), whereas the long-term study rats (20 rats per 
group) were fed the diets from weaning and ranged 
from 225 to 250 days of age at mating. The animals 
were housed in a room controlled for temperature 
(21 + 1° C), humidity (45% to 50%), and light (lights 
on 6 A.M. to 6 P.M.). Food and water were always avail- 
able. The animals were bred in double-wide hanging 
wire mesh cages and were removed to single cages after 
mating. The papers that underlined the cages were 
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Table I. Diet composition (gm/100 gm) 


; 5% Fat | 22% Fat 





Corn oil 3 14 
Beef tallow 2 8 
Lactalbumen 10 6 
Casein 10 6 
Starch 30 26 
Glucose 6 5 
Fructose 6 5 
Sucrose 23 19 
Alphacel 4 5 
Vitamin mix* L1 L1 
Mineral mixt 4.9 4.9 





*Association of Official Agricultural Chemists vitamin mix, 
U.S. Biochemical Corp., Cleveland, Ohio. 


fBernhardt-Tomerelli salt mix, ICN Corp., Cleveland, 
Ohio. 


examined daily. Mating was determined by the ap- 
pearanace of a vaginal plug on the papers under the 
mating cage. Male rats were removed from the cage as 
soon as the plug appeared. This was considered day 0 
of the gestation pericd. Rapid weight gain in the first 
week after mating was considered to be evidence of 
conception. After glucose tolerance tests (GTTs) were 
conducted at 19 days’ gestation, dams were placed in 
plastic shoe box cages with treated pine shavings as 
bedding. The dams were monitored until parturition 
was complete. At parturition, the litter was counted and 
weighed. The dams were weighed weekly and their 
food intakes were determined. 

Before mating, at 19 days’ gestation, and at 10 days 
post partum, glucose tolerance was determined. Day 
19 was selected as representative of late gestation. The 
GTT consisted of a 6-hour fast that preceded a load 
dose of glucose (25% glucose solution, 1 ml/100 gm 
body weight) administered by gavage. Tail blood sam- 
ples were drawn before glucase administration and at 
30, 90, and 150 minutes later. The incremental area or 
the difference over time between the fasting glucose 
level and that after the glucose pulse, was calculated 
and compared with the use of the Student ¢ test.” Both 


serum glucose'! and insulin” levels were determined in 


the short-term study, whereas only the glucose level was 
determined in the long-term study. Glucose tolerance 
was determined at 400 days of age in the long-term 
study. The ratio of the 0 to 150-minute incremental 
area of glucose to insulin, the insulinogenic index," was 
calculated and compared. To assess the relationship 
between insulin concentration and glucose concentra- 
tion, the insulin/glucose ratio was calculated (U/ml 
insulin divided by mg/dl glucose).’* 

The rats were fed either a 5% or 22% fat diet (Tables 
I and H). The composition of the 22% fat (high-fat) 
diet was determined on the basis of the composition of 
the average American diet" in terms of sources of cal- 
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Table II. Diet composition (kcal/100 keal) 


. 5% Fat | 22% Fat 





Lipid 11.7 42.5 
Protein 20.8 10.3 
Carbohydrate 67.5 47.2 





ories from the macronutrients. The saturated/unsat- 
urated fat ratio was replicated, as was the ratio of poly- 
saccharides to disaccharides and monosaccharides. Pu- 
rified ingredients were used to construct the diet. The 
low-fat or 5% fat diet was created on the basis of the 
proximate composition of the stock diet usually fed to 
our rat colony. The same ingredients and ratios within 
macronutrients were used as for the high-fat dict. 

In experiment, 1, the progeny were removed from 
their dam within 2 hours of birth and were killed by 
decapitation. Blood was collected and was used for the 
determination of glucose and insulin levels, and the 
body was used for the determination of its proximate 
composition. In study 2, litters were size limited to 4 to 
6 pups. Male pups were killed at birth, day 3, and day 
10 and were used for the histologic examination of the 
inguinal fat pads. Whole body cross sections were pre- 
pared in accordance with the procedures of Hausman 
and Richardson." Sliced paraffin sections (7 um) were 
stained with periodic acid-Schiff reagent to determine 
the presence of soluble polysaccharides in cell mem- 
brane and were counterstained with Harris hematox- 
ylin to distinguish cellular nuclei. Inguinal adipocytes 
in periodic acid-Schiff—stained histologic sections were 
identified and diameters were determined on 50 ran- 
domly selected inguinal adipocytes per animal. 


Results 


Experiment 1. This experiment was conducted to 
examine the effect of short-term, high-fat feeding on 
glucose tolerance during gestation and gestation out- 
come. Several differences in food intake were obesrved: 
rats fed the high-fat diet ate significantly more than 
rats fed the low-fat diet (29.3 + 1.7 versus 24.9 + 1.0 
kcal/100 gm body weight per day) during the initial 
week on the experimental diets and gradually dimin- 
ished their intake during the next 2 weeks so that food 
consumption was similar (25.7 + 1.5 versus 25.1 + 1.4 
kcal/100 gm body weight per day) in both groups at 
mating. Food consumption was increased during each 
week of pregnancy in the low-fat rats and only during 
the second trimester in the high-fat rats. Significant 
differences in food intake between the low-fat and 
high-fat rats were observed during the first and third 
trimesters (p < 0.05). Despite the observed differences 
in food intake, the body weights of the two dietary 
groups were not significantly different, nor was body 
weight gain during gestation affected by diet. Rats fed 
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Fig. 1. Effects of short-term low-fat or high-fat feeding on glucose and insulin response to oral 
glucose load before and after gestation (experiment 1). 


_ the low-fat diet gained 94 gm + 8.8 gm, whereas rats 
fed the high-fat diet gained 86.6 gm + 8 gm. Low-fat 
dams had 11.4 + 0.9 pups per litter and high-fat dams 
had 9.3 + 0.5 pups per litter. : 

Basal levels of serum glucose, measured after a 6- 
hour fast, increased when animals were changed from 
the stock diet to either of the purified diets (112 
mg/dl + 1.7 mg/dl on stock versus 131.3 mg/dl + 4.5 
mg/dl and 129.6 mg/dl + 2.9 mg/dl on low-fat and 
high-fat diets, respectively). Pregnancy in low-fat, rats 
led to a decrease in basal serum glucose levels and an 
increase in basal serum insulin levels (Fig. 1). This is 
consistent with the study of Martin et al.'® that used 
rats of a normal strain. In the high-fat rats, pregnancy 
was associated with a decrease in basal serum glucose 
levels and no change in basal serum insulin levels. Basal 
serum glucose and insulin levels returned to initial val- 
ues by day 10 post partum in both low-fat and high- 
fat rats. 

Glucose tolerance was similar in both dietary groups 
in the nonpregnant state (before breeding and on day 
10 post partum) but was increased by pregnancy to a 
greater extent in the high-fat rats than in the low-fat 


rats. The 0 to 150-minute mean incremental glucose 
area (Fig. 2) was increased in the pregnant low-fat rats 
compared with their nonpregnant counterparts. It is 
likely that this was a result of the pregnancy-induced 
reduction in basal serum glucose levels. The mean in- 
cremental glucose area was further increased in the 
pregnant high-fat rats. A significant difference in the 
0 to 150-minute mean incremental glucose area was 
observed between the two dietary groups during preg- 
nancy. This difference indicated a greater degree of 
glucose intolerance in the high-fat rats. This impair- 
ment was only temporary; by day 10 post partum, glu- 
cose tolerance in the high-fat rats had improved. The 
0 to 150-minute mean incremental glucose area of the 
postpartum high-fat rats was comparable to that of the 
postpartum low-fat rats. The insulin response of the 
pregnant rats to the oral GTT was similar to that in 
the nonpregnant state regardless of diet (Figs. 1 and 
2). The insulinogenic index was similar in the low-fat 
and high-fat rats before breeding. During pregnancy, 
the insulinogenic index decreased in the high-fat rats 
and increased slightly in the low-fat rats. A significant 
difference in insulinogenic index was observed during 
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pregnancy between the two dietary groups (p < 0.05). 
During the postpartum period, the insulinogenic index 
increased in the high-fat rats to a value that was similar 
to that of the postpartum low-fat rats. 

The effects of maternal diet on selected parameters 
in newborn BHE rat pups is not presented because, 
despite the observed differences in maternal glucose 
tolerance, there were no differences in average pup 
weight, serum glucose and insulin levels, pancreatic sol- 
uble protein, pancreatic insulin content, and body com- 
position. 

Experiment 2. This experiment was conducted to 
examine the effect of long-term high or low fat feed- 
ing on glucose tolerance during gestation and gestation 
outcome. Food intakes (approximately 25 kcal/100 gm 
body weight per day) by both diet groups were similar 
throughout the experiment. 

Rats fed the two diets differed in their body weight 
gain. Those fed the high-fat diet gained more weight 
than those fed the low-fat diet. However, most of the 
difference in weight gain was attributed to four of the 
20 rats fed the high-fat diet. These four rats became 
obese. When this small subset was removed and was 
treated as a separate group, the diet difference in 
weight gain was not significant. Weight gain during 
gestation was not affected by diet. Low-fat dams gained 
84.1 gm + 8.3 gm and high-fat dams gained 97.9 
gm + 9.6 gm during pregnancy. At 400 days of age, 
rats fed the high-fat diet weighed 400 gm + 10 gm and 
those fed the low- fat diet weighed 360 gm + 10 gm. 

At 200 days of age, glucose tolerance was significantly 
depressed in high-fat rats; as compared with low-fat 
rats (Fig. 3). Basal levels of serum glucose measured 
after a 6-hour fast decreased when the rats were preg- 
nant. This is consistent with the reports of an improve- 
ment in glucose tolerance with pregnancy in strepto- 
zocin diabetic rats.® Glucose tolerance was improved 
in high-fat rats during gestation and at 10 days post 
partum as compared with tolerance before breéding. 
At each of the testing times the high-fat rats’ glucose 
tolerance was less than that of the low-fat rats. Their 
30-minute post dose blood glucose values were higher 
and the rate of decline in blood glucose from 30 to 150 
minutes was less. These results are in contrast with 
those of experiment 1 in which glucose tolerance was 
depressed in rats that were fed the high-fat diet only 
during gestation. 

Compared with the short-term study in which diet 
had no effect on fertility or pregnancy outcome, the 
long-term feeding of the high-fat diet significantly af- 
fected fertility as well as production (Table II). Fertility 
(conception and successful completion of pregnancy) 
was decreased fifty percent in dams that were fed the 
high-fat diet. Of the 20 rats that were fed the high-fat 
diet, only half conceived. Of those that conceived, 30% 
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Fig. 2. Effects of short-term low-fat or high-f -fat feeding on 
total and mean incremental areas under glucose tolérance 
curves öbtained before, during; and after gestation: Super- 
scripts (a, b) indicate significant differences because of diet. 


did not rear young. The pups of these dams either died 
at birth or shortly thereafter. Of the rats that were fed 
the low-fat diet, 35% did not conceive and 15% of these 
did not rear young. Diet had no effect on litter size, 
litter weight, or average pup weight. As previously 
mentioned, four of the rats that were fed the high-fat 
diet became obese. Only one of these conceived. How- 
ever, all of her pups died at birth. Of the pups born to 
the dams fed the high-fat diet, 25% died at birth. Of 
the pups born to the low-fat dams, 17% died at birth. 
The usual mortality rate in our stock diét—fed rat col- 
ony is <10%. 7 

Diet also affected gestation time, which in turn prob- 
ably affected neonatal mortality. The average gestation 
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Fig. 3. Effects of long-term high-fat feeding and gestation on glucose tolerance of female BHE rats. 


Table III. Effect of maternal diet on fertility, 
litter size, litter weight, average body weight, 
and lactation (experiment 2) 














5% Fat 22% Fat 


Number of dams initially 20 ; 20 

Number of dams that : 13 10 
conceived. 

Number of dams that bore 13 10 
young _ . 

Number of dams that reared 11 7 
pups 


Percentage of dams that gave 55% (11:20) 35% (3:20) 
birth to live young 

Percentage of dams that did 
not lactate 


15% (2:13) 30% (3:20) 


Average length of gestation 22.7 22.9 

' (days) i 

Average litter size 6.2 + 1.1 7.0 1.1 
Average litter weight (gm) 37.8 + 6.3 41.2 +35.7 
Average pup weight (gm) 6.3 + 0.2 6.0 + 3.2 
Total number pups 80 65 
Numbers of pups that died 14 16 


during neonatal period : 
Percentage of pups that died . 17% (14:80) 25% (16 65) 


time was 22.7 days for the low-fat dams 22.9 days for 
the high-fat dams. Five of the low-fat group had a 23- 
day gestation and one had a 25-day gestation. Seven of 
the high-fat group had a 23-day gestation and one had 
a 24-day gestation. The normal gestation period of 
stock-fed dams in our BHE colony is 21 days. All of 
the pups of the dams with 24- and 25-day gestation 
periods died. One of the pups of a high-fat dam with 
a 23-day gestation was malformed and died. The high- 
fat dam with the 24-day gestation had only two pups, 
which weighed 8 gm and 7.9 gm, respectively. Both 
pups died at birth. Both low-fat and high-fat dams had 
small litters. The average litter size for the low-fat dams 


was six, whereas the average litter size for the high-fat 
dams was seven. The usual litter size of our colony BHE 
rats is 12 with pup weights ranging from 5 gm to 6 gm. 
Because we wanted to follow up these dams to 400 days 
of age we did not look for evidence of resorptions. 
Hence, we can only assume that fetal death and re- 
sorption had occurred, which could account, in part, 
for the small litter sizes. As in the short-term study, the 
surviving pups were normal in all respects. We did not 
observe macrosomia in the surviving young. Birth 
weight and size of inguinal pad adipocytes of offspring 
were not affected by dam’s diet; however, there were 
differences in growth. By 10 days of age, low-fat pups 
weighed significantly more (27.4 gm + 0.79 gm versus 
21.1:gm + 1.7 gm) than the high-fat pups. This in- 
crease in body weight was not accompanied by an in- 
crease in fat cell size. 


Comment _ 

The purpose of this work was to develop a rat model 
that might be useful for the study of gestational diabetes 
as it occurs in human beings. It has long been recog- 
nized that noninsulin dependent diabetes mellitus has 
a strong genetic component and so we used a rat strain 
with. a genetically determined predisposition for non- 
insulin dependent diabetes mellitus. In human beings, 
it is also recognized that women who show evidence of 
gestational glucose intolerance may later have nonin- 
sulin dependent diabetes mellitus. Gestational diabetes 
has been considered an early warning signal of the 
latent disease. Before our use of the special diets we 
conducted several preliminary studies* of the pregnant 


*PhD dissertation. Dorothy B. Hausman. Studies on the 
development of a rat model for human gestational diabetes. 
Athens, Georgia: University of Georgia, 1985 (C. D. Berdan- 
ier, dissertation director). 
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BHE and normal or streptozocin-treated Sprague- 
Dawley rats. These studies revealed that the BHE rats 
that were fed a stock diet that consisted of a variety of 
natural ingredients (mostly cereals and grains) did not 
show evidence of impaired glucose tolerance during 
gestation. Neither age nor parity influenced this find- 
ing. Streptozocin treatment did elicit impaired glucose 
tolerance but this impairment was not solely associated 
with gestation. Therefore we concluded that strepto- 
zocin diabetic rats were not good models for gestational 
diabetes nor were the BHE rats that were fed the stock 
diet. l 
With the realization that male BHE rats require spe- 
cial purified diets for the expression of their noninsulin 
dependent diabetes mellitus phenotype, we then de- 
cided to study the BHE female rat within this context. 
Inasmuch as the stock diet is not a replicate of the 


human diet, we decided to compose a diet that resem- 


bled (in terms of its proximate composition) a diet con- 
sumed by the average American. 

This was a serendipitous choice because female BHE 
rats manifested many of the characteristics of the hu- 
man woman who has glucose intolerance during preg- 
nancy. In the first study we showed that the BHE rats 
that were fed the high-fat diet did indeed show evi- 
dence of glucose intolerance during pregnancy but not 
before or after pregnancy. We did not observe the ma- 
crosomia or other perinatal problems in the. pups that 
we expected if our rats truly modeled human beings. 
Perhaps the species differences in the level of maturity 
of the progeny at birth might be an important consid- 
eration. Rat pups, compared with human infants, are 
relatively immature. They are blind, hairless, and have 
very primative stubs for limbs. The human infant, in 
contrast, usually has all of its faculties and has relatively 
well developed arms, hands, legs, and feet. 

In the second study, the dams used were reared on 
the low- or high-fat diets and then were bred. It is of 
interest that we observed several additional breeding 
problems that might have been related to the pheno- 
typic expression of the noninsulin dependent diabetes 
mellitus genotype and that might be analogous to the 
human condition. These problems consisted of de- 
creased fertility, presumed increased fetal death, in- 
creased neonatal death, decreased ability to lactate with 
the consequence of pup death because we elected not 
to hand feed these pups, and prolonged gestation 
times. Those dams that had prolonged gestation times 
gave birth to féwer live pups and these pups were larger 
and more mature in terms of their development than 
normal pups. Whether this prolonged gestation time is 
analogous to the human woman with gestational dia- 
betes is unknown because human beings with this con- 
dition usually are closely supervised. Their glucose iri- 
tolerance is treated and the pregnancy is brought to 
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term as soon as is deemed medically desirable to achieve 
a successful pregnancy outcome. Failure to bring the 
pregnancy to term could result in sudden fetal death 
or abnormalities, primarily dystocia, related to the ab- 
normal size of the infant. In this study we did not treat 
the glucose intolerance nor did we terminate the preg- 
nancies at the end of the normal 21-day gestation pe- 
riod. Whether the large size of the pups we observed 
was a result of the prolonged gestation or gestational 
diabetes per se is not known. 

Several investigators have studied the rat as a possible 
animal model for gestational diabetes.'** Some of the 
features of diabetes have been elicited but none, so far, 


“have developed a model that is normoglycemic before 


and after gestation but hyperglycemic during gesta- 
tion. For example, Neufeld and Corbo” used the 
streptozocin-treated rat and found that maternal and 
fetal glucose levels were significantly elevated as was 
in vitfo hepatic insulin receptor binding. They also 
found that insulin degradation was faster in the prog- 
eny of the diabetic dam than in the progeny of the 
control dam. They did not report on the glucose-insulin 
relationship during either the pre- or postgestation pe- 
riod but one can assume that the streptozocin treat- 
ment elicited a long-term glucose intolerance and not 
just one that occurred during pregnancy. Thus the 
streptozocin-treated rat is a good model for insulin- 
dependent pregnant human beings but not for the ges- 
tationally diabetic woman. Catlin et-al.'* induced fetal 
hyperinsulinemia by the injection of fetuses with 2 units 
of insulin 2 days before birth. They produced pups 
that were 12% heavier at birth and that showed evi- 
dence of a greater growth velocity than their saline 
solution—treated litter mates. Although the liver and 
muscle of the insulin-treated pups contained more lipid 
than the tissues of the saline solution—treated pups, 
rates of fatty acid synthesis were not different. They 
produced large pups but did not measure cell size so 
we do not know if these pups were macrosomic. Per- 
haps the next iteration of the present work might focus 
on the development of a procedure that will elicit not 
only the glucose intolerance during late pregnancy but 
also macrosomia in living pups. Inasmuch as high-su- 
crose feeding has been shown to increase insulin pro- 
duction and rélease, perhaps raising the sucrose level 
in the high-fat diet would have this effect. Further work 
is needed to more fully develop the BHE rat fed a 22% 
fat diet as a model for human gestational diabetes. 


Addendum 


Since this manuscript was submitted, we have learned 
that peripheral fat cell glucose transport, insulin bind- 
ing, and receptor affinity are normal in these rats and 
the genetic error resulting in noninsulin dependent 
diabetes mellitus is only in the liver. 
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Effect of inhibiting prostaglandin synthesis in pregnant sheep 
with 4-aminoantipyrine under normothermic and 


hyperthermic conditions 


Peter Andrianakis, BSc(Hons.), David W. Walker, PhD, Meredith M. Ralph, PhD, and 


Geoffrey D. Thorburn, MD 
Clayton, Victoria, Australia 


Infusion of the prostaglandin synthetase inhibitor 4-aminoantipyrine at a rate of 20 mg/min via the fetal 
tarsal vein during normothermic conditions (ambient temperatures = 24° C) significantly decreased the 
concentrations of prostaglandins E; and Fz, in maternal and fetal arterial plasma and in uterine and 
umbilical vein plasma. The infusion was associated with a small but significant rise in fetal temperature 
and a fall in fetal arterial pH. Respiratory alkalosis developed in fetuses during hyperthermia by raising the 
ambient temperature to 43° C for 8 hours. In contrast, infusion of 4-aminoantipyrine during hyperthermia 
produced fetal metabolic acidosis as indicated by a fall in fetal pH and an increase in Paco, even though 
the ewe remained hypocapnic. Four of the 10 fetuses died during or shortly after the 4-aminoantipyrine 
infusion during hyperthermia. These results indicate that uteroplacental prostaglandin synthesis is essential 
to allow the fetus to adapt to an increase in body temperature and suggests that prostaglandin synthetase 
inhibitors should be used with caution during pregnancy. (Am J OssTeT GYNECOL 1989;161:241-7.) 


Key words: Prostaglandin, 4-aminoantipyrine, hyperthermia, fetal death 


Prostaglandins (PGs) are present in both the mater- 
nal and fetal circulations from early pregnancy in sheep 
and increase during gestation, particularly before and 
during labor.' Much of this PG is probably produced 
by the placenta, since the concentrations of PGE, and 
PGF,, are higher in uterine and umbilical vein plasma 
than in maternal and fetal arterial plasma, respectively? 

The role of PGs for fetal growth and development 
is not understood, but PGE, has both cardiovascular 
and endocrine effects in the fetus,>* and both PGE, 
and PGF,, are responsible in part for the nonlabor uter- 
ine contractions present throughout much of preg- 
nancy in sheep.’ PG concentrations are increased after 
surgery in growth-retarded fetal lambs® and during hy- 
poglycemia in fetal lambs and foals.”° It has been sug- 
gested that PGE, may act as a circulating hormone in 
the fetal lamb, and because of its actions on the adrenal 
cortex and lung, it may act to accelerate organ matu- 
ration and fetal viability.** PGs may also regulate utero- 


*PhD dissertation. Dorothy B. Hausman. Studies on the 
development of a rat model for human gestational diabetes. 
Athens, Georgia: University of Georgia, 1985 (C. D. Berdan- 
ier, dissertation director}. 
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placental and umbilical blood flows,” although this has 
recently been questioned.” 

We have shown that there is an increase in the con- 
centrations of PGE, and PGF,, in uterine vein and um- 
bilical vein plasma when pregnant sheep are subjected 
to hyperthermia.” Prolonged hyperthermia during 
pregnancy may result in fetoplacental growth retar- 
dation,’ but it is unclear if the increased synthesis and 
release of PGs contribute to this growth deficit or are 
part of the compensatory changes by which the fetus 
adapts to the increased tissue temperatures. In this 
study we show that inhibition of PG synthesis during 
hyperthermia leads to severe fetal acidosis, sometimes 
resulting in fetal death, which suggests that the increase 
in PG synthesis is important for fetal adaptation to in- 
creased temperatures that may occur naturally from 
time to time in pregnancy. 


Material and methods 


Surgical procedures. Ten pregnant Border Leices- 
ter/Merino ewes were used. Surgery was carried out at 
118 to 122 days’ gestation, and at least 7 days elapsed 
before the fetuses were studied. 

Anesthesia was induced by intravenous administra- 
tion of 5% sodium thiopentone and maintained, after 
intubation, with 1% to 2% halothane in oxygen and 
nitrous oxide (50:50 v/v). With the use of sterile pro- 
cedures, a paramedial incision was made in the mater- 
nal abdominal wall, thereby exposing the pregnant 
uterus. A polyvinyl catheter was placed in the uterine 
vein (inner diameter 0.86 mm; outer diameter 1.50 
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Table I. Fetal body temperatures, blood gases and pH, and plasma glucose ccncentrations before and at 
the end of a 150-minute infusion of 4-aminoantipyrine (20 mg/min) into fetal tarsal vein at an 
environmental temperature of 24° C and 43° C; N = 10 except where shown otherwise in parentheses 


Before 4AAP During 4AAP 











T, = 24°C 
Body temperature (° C) 39.1 + 0.06 39.4 + 0.097 
pH, 7.342 + 0.01 7.310 + 0.01} 
Paco, (mm Hg) 48.5 + 1.30 55.3 + 1.30f 
PaO, (mm Hg) 17.8 + 1.60 18.5 + 0.80 
O; saturation (%) 49.3 + 2.6 52.0 + 2.7 


Glucose (mmol/L) 0.72 + 0.06(9) 0.78 + 0.1149) 


T, = 43°C 
Body temperature (° C) 41.3 + 0.23% 41.6 + 0.23* 
pH, 7414 + 0.02* 7.177 + 0.084 
Paco: (mm Hg) 35.8 + 2.20% 39.8 + 2.97* 
PaO, (mm Hg) 15.60 + 1.10 13.2 + 1.74} 
O; saturation (%) 46.0 + 5.6(7) 35.5 + 7.5(8) 


Glucose (mmol/L) 0.86 + 0.14(9) 1.15 + 0.17(9)t 





4AAP, 4-Aminoantipyrine; Tẹ ambient temperature. 
*Significant change caused by heat. 
fSignificant change caused by 4-aminoantipyrine infusion. 


Significant change caused by heat and 4-aminoantip~rine infusion. 


mm). Through a small hysterotomy, a fetal hindlimb 
was exposed, and similar polyvinyl catheters were in- 
serted 5 to 6 cm into the tarsal vein and femoral artery. 
A polyvinyl catheter was also inserted in the umbilical 
vein via a cotyledonary tributary vein. A temperature 
probe (two temperature-sensitive diodes in series en- 
cased in silicone and calibrated in a water bath for tem- 
peratures between 35° and 45° C) was placed deep in 
the groin of the fetus and secured between the muscles 
close to the femoral artery. A temperature probe was 
also attached to the greater omentum in the abdomen 
of the ewe. A maternal arterial catheter was inserted 
in the carotid artery via an incision in the neck of the 
ewe. 

In three sheep nonocclusive electromagnetic flow 
probes (Micron Instruments Ltd., California) were 
placed around the main uterine artery. 

Experimental protocol. On the day of an exeri- 
ment, each fetus received two infusions of 4-amino- 
antipyrine (10 gm/dl, 0.2 ml/min) via the tarsal vein, 
beginning at approximately 8:00 AM and 4:00 pM; each 
infusion lasted for 24 hours. Blood samples (3 ml) were 
taken from the fetal femoral artery, maternal carotid 
artery, and uterine and umbilical veins at 60 and 5 
minutes before and at 90, 110, 130, and 150 minutes 
after the start of each infusion and 1 and 2 hours after 
completion of the second infusion. Samples were col- 
lected from the four vessels within 1 minute of each 
other and kept on ice until they were divided into al- 
iquots. 

At the completion of the first 4-aminoantipyrine in- 
fusion, the room temperature was raised to 43° + 1°C 
from approximately 10:00 am until 6:00 pm. The sec- 
ond 4-aminoantipyrine infusion started when the ewe 


had been subjected to 54% hours of hyperthermia. Fetal 
and maternal temperatures were recorded at regular 
intervals through this time. 

From each sample of blood, 0.5 ml was used to mea- 
sure pH, blood gases, and oxygen saturation by means 
of Radiometer ABL30 and OSM3 equipment; packed 
cell volume was also determined from this aliquot. The 
remaining blood was divided into (1) a 1.5 ml sample 
placed in a polypropylene tube containing lithium hep- 
arin and (2) a 1 ml sample placed in a polypropylene 
tube containing aspirin (0.05 mg) and ethylenediamine- 
tetraacetic acid (0.7 mg). After centrifugation at 2500 
rpm for 10 minutes at 4° C, the plasma from the lithium 
heparin tubes was stored at — 20° C until used for de- 
termination of 4-aminoantipyrine, glucose, and PGF.,. 
The plasma from the aspirin/ethylenediamine tetra- 
acetic acid samples was mixed with an equal volume of 
a solution containing methoxyamine hydrochloride (fi- 
nal concentration, 0.12 mol/L in 1.0 mol/L sodium 
acetate bufer, pH 5.6) and left overnight at room tem- 
perature before storage at —20° C. This plasma was 
used for assay of PGE. 

Assays and recordings. 4-Aminoantipyrine was as- 
sayed in 0.1 ml of plasma by means of the colorimetric 
assay of Mendelsohn and Levin" as described by Huck- 
abee.!* Glucose was measured enzymatically by the 
method of Trinder.® PGF,, was measured by direct 
radioimmunoassay with antiserum raised in rabbits 
(kindly given by Dr: M. Mitchell). The sensitivity of the 
assay, which was defined as the concentration of PGFs, 
corresponding to the bound count that was significantly 
(p < 0.05) less than that of the zero concentration, was 
0.18 nmol/L. The intraassay coefficient of variation was 
<10%, and interassay coefficients of variation were 
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Table II. Maternal body temperatures, blood gases and pH, and plasma glucose concentrations before 
and at the end of a 150-minute infusion of 4-aminoantipyrine (20 mg/min) into fetal tarsal vein at an 
environmental temperature of 24° C and 43° C; N = 10 except where shown otherwise in parentheses 


| Before tap | 4AAP During 4AAP 


T, = 24°C 
Body temperature (° C) 38.0 + 0.06 38.2 + 0.18 
pH, : 7.460 + 0.01 7.444 + 0.01 
Paco, (mm Hg) 34.92 + 1.25 37.42 + 1.87 
PaO, (mm Hg) 108.56 + 2.37 110.30 + 3,37 
O; saturation (%) 96.51 + 1.12 95.27 + 0.75 


Glucose (mmol/L) 
T, = 43°C 


2.55 + 0.21(9) 


2.62 + 0.19(9) 


Body temperature (° C) 40.2 + 0.28* 40.6 + 0.29* 
pH, 7.583 + 0,03* 7.600 + 0.03* 
Paco, (mm Hg) 23.55 + 2.98% 19.94 + 1.16* 
PaO, (mm Hg) 130.95 + 5.73* 132.51 + 7.86% 
O; saturation (%) 98.19 + 1.03 97.42 + 1.16 

Glucose (mmol/L) 2.88 = 0.21(9) 








*Significant change caused by heat. 


11.6% at 2.66 nmol/L and 15.6% at 1.65 nmol/L. 
Cross-reactivities with other PGs and metabolites were 
<0.4% except for thromboxane B, (6.21%), 6-keto- 
PGF,, (5.4%), 13,14-dihydro PGF, (4.2%), and PGD, 
(3%). l l 

Plasma PGE, was measured as PGE,-methyloxime by 
means of an antiserum raised in goats against meth- 
yloximated PGE,.* '” Sensitivity of the assay was 0.05 
nmol/L. The intraassay coefficient of variation was 
<10%, and interassay coefficients of variation were 
10% at 14.58 nmol/L and 15.6% at 43.24 nmol/L. 

Fetal and maternal temperatures were recorded 
when blood samples were collected. Phasic uterine ar- 
tery blood flow was recorded from the electromagnetic 
probe; calibrations were made in vitro as described by 
the manufacturers (Micron Instruments Ltd.). 

Calculations. Blood gases were corrected to the pre- 
vailing temperature with the use of the equations pub- 
lished by Lotgering et al.’* Uterine and umbilical blood 
flows were calculated from the formulas described by 
Meschia et al.” The average concentration difference 
of 4-aminoantipyrine between uterine vein and mater- 
nal artery and umbilical vein and fetal femoral artery 
determined from the four pairs of samples was used 
to derive an average value for uterine and umbilical 
blood flows, respectively. 4-Aminoantipyrine was as- 
sumed to distribute between plasma and red blood cells 
as for antipyrine, and blood concentrations were cal- 
culated from plasma water concentrations as described 
by Meschia et al. Loss of 4-aminoantipyrine from the 
fetus other than by placental transfer was assumed to 
be negligible. 

Statistical analyses. Data are presented as 
mean + standard error of the mean. Comparison be- 
tween groups and within treatments have been made 
by means of analysis of variance. Analysis of uteropla- 
cental blood flows was carried out by unpaired £ tests. 


2.8 + 0.18(9) 





Results 


Temperature, blood gases, and plasma glucose. 
During the infusion of 4-aminoantipyrine into the fe- 
tus under normothermic (ambient temperature = 
24° C) conditions, a small but significant rise in fetal 
body temperature was noted, (+0.3°C, p < 0.05; Table 
1). This increase was associated with a significant de- 
crease in fetal arterial pH (— 0.032, p < 0.05) and an 
increase in arterial Pco, (+6.8 mm Hg, p < 0.001), 
indicating that 4-aminoantipyrine infusion resulted in 
fetal acidemia with a respiratory component (Table 1). 
There was no significant change in maternal body tem- 
peratures or blood gases during 4-aminoantipyrine in- 
fusion under normothermic conditions. 

After 5% hours of hyperthermia (ambient temper- 
ature = 43° C), there was a significant rise in maternal 
body temperature (+ 2.2° C, p < 0.901; Table II). Fetal 
body temperature was also significantly elevated (+ 2.2, 
p < 0.001) so that the fetomaternal temperature gra- 
dient was maintained. The rise in temperature resulted 
in maternal and fetal respiratory alkalosis (Tables I 
and I, respectively). There was no significant change 
in arterial Po, of the fetus during hyperthermia. 

The infusion of 4-aminoantipyrine into the fetus 
during hyperthermia did not further change maternal 
or fetal body temperature or maternal arterial pH, 
Pco, Po, or oxygen saturation (Table I). However, 
infusion of 4-aminoantipyrine during hyperthermia 
significantly reduced fetal arterial pH and Po, (Table 
I). The acidemia was followed by fetal death either 
during, or within 5 hours of the end of the hyper- 
thermia in four of the 11 trials. No fetal death occurred 
after two prolonged (3-hour) 4-aminoantipyrine in- 
fusions in the sheep kept at normal ambient temper- 
atures (data not shown). 

Plasma glucose concentrations in both maternal and 
fetal arterial circulations were unchanged by the in- 
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Fig. 1. Concentrations of PGE, in fetal and maternal circulations before and during mfusion of 4- 
aminoantipyrine at 20 mg/min into fetal tarsal vein at ambient temperatures (T,) of (A) 24° C and 
(B) 43° C. Second infusion of 4-aminoantipyrine was started 54 hours after onset of heating. 
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Fig. 2. Concentrations of PGF» in fetal and maternal circulations before and during infusion of 4- 
aminoantipyrine at 20 mg/min into fetal tarsal vein at ambient temperatures (T,) of (A) 24° C and 
(B) 43° C. Second infusion of 4-aminoantipyrine was started 5'4 hours after onset of heating. 


fusion of 4-aminoantipyrine at normothermic ternper- 
atures (Tables I and II). During hyperthermia, the in- 
fusion of 4-aminoantipyrine into the fetus resulted in 
a significant increase in fetal plasma glucose concen- 
trations (+ 0.29 mmol/L, p < 0.05) with no change in 
maternal plasma glucose concentrations. 

PGE, and PGF,,, concentrations. After 90 minutes 
of 4-aminoantipyrine infusion into the fetus unde? nor- 
mothermic or hyperthermic conditions, there wasa sig- 
nificant reduction in the plasma concentrations of PGE, 


and PGF,, in both the maternal and fetal circulations 
(Figs. 1 and 2). The inhibitior. of PG synthesis persisted 
for as long as 2 hours after the infusion. Under nor- 
mothermic conditions, infusion of 4-aminoantipyrine 
caused a significant reduction in PGE, in all four vessels 
and in PGF, in the uterine and umbilical veins and 
fetal artery (Fig. 1). After 5% hours of hyperthermia 
and immediately before the start of the second 4- 
aminoantipyrine infusion, plesma PGE, and PGF,, con- 
centrations had recovered to control levels. During 
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Fig. 3. Blood flow measurement in one uterine artery by electromagnetic flow probe before and 
150 minutes after start of infusion of 4-aminoantipyrine at 20 mg/min into fetal tarsal vein. 


Table III. Uterine and umbilical blood flows (milliliters per minute) in pregnancy sheep (125 to 140 days’ 


gestation) before and after 8 hours of hyperthermia 


Uterine blood flow 








Experiment 

l 1676 + 200 1757 + 325* 

2 1103 + 100. 1484 + 251 

3 1293 + 204 2204 + 581 

4 1142 + 32 

5 1214 + 55 1471 + 804 

6 1522 + 377 1394 + 356 

7 923 + 46 2134 + 653 

8 1409 + 350 2523 + 134+ 

9 1996 + 575 1593 + 192 
Mean uterine blood 1364 + 110 1820 + 147% 


flow (ml/min) 





Umbilical blood flow 
Experiment T,= 43°C 
1 709 +20 * 
2 1542 + 127 629 + 30t 
3 585 + 83 517 + 60 
4 639 +7 
5 727 + 72 814 + 143 
6 843 + 191 473 + 17+ 
7 709 + 97 830 + 84 
Mean umbilical blood 822 + 124 653 + 74 


flow (ml/min) 


*Fetal metabolic acidemia; fetus died. 


tp < 0.001. 
tp < 0.05." 


hyperthermia, infusion of 4-aminoantipyrine again 
caused a significant decrease in the concentrations of 
PGE, and PGF,, in uterine vein and fetal femoral artery 
plasma and of PGF., concentrations in the umbilical 
vein plasma (Figs. 1 and 2). PGE, concentrations in 
maternal artery and umbilical vein plasma did not de- 
crease during this infusion in hyperthermia (in con- 
trast to the significant decrease observed under normo- 
thermic conditions), but it should be noted that plasma 
concentrations in these vessels remained lower than the 
initial control values obtained at the beginning of the 
experiment. This suggests that the first infusion of 
4-aminoantipyrine may have had a prolonged inhibi- 
tory effect on PG synthesis, which was still present after 
5% hours of hyperthermia. l 

Uterine and umbilical blood flows. The infusion of 
4-aminoantipyrine into the fetal tarsal vein at nor- 
mothermic temperatures (n = 3) did not change the 
blood flow measured in one main uterine artery by 
means of nonocclusive electromagnetic flow meters 
(Fig. 3). l 

The mean uterine blood flow, which was calculated 
from the steady-state concentration difference of 4- 
aminoantipyrine between uterine vein and maternal 
arterial plasma, increased from 1364 + 110 ml/min 


before hyperthermia to 1820 + 147 ml/min after 8 
hours of hyperthermia (n = 8; p < 0.05, Table III). 


_ Mean umbilical blood flow, which was calculated from 


the steady-state concentrations of 4-aminoantipyrine in 
umbilical vein and fetal arterial plasma, was 822 + 124 
ml/min during normothermia (Table III). In experi- 
ments. in which the fetus survived, mean umbilical 
blood flow was reduced, but this was not significant. In 
two of these experiments, umbilical blood flow was sig- 
nificantly lower than the control value during hyper- 
thermia, and fetal pH fell significantly during hyper- 
thermia (— 0.168 and —0.315 pH units). 


Comment 


These results show that inhibition of PG synthesis 
with 4-aminoantipyrine during hyperthermia leads to 
a compromise of fetal condition, as shown by the de- 
velopment of fetal acidemia and fetal death. The aci- 
demia is particularly significant when it is considered 
that, under this level of heat stress, fetal lambs usually 
develop a respiratory alkalosis as a result of maternal 
hyperventilation.” It is unclear if the fetal hypergly- 
cemia observed during hyperthermia was caused by 
catecholamine release because of the acidemia” or may 
have been the result of diminished insulin responsive- 
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ness caused by the reduction in plasma PGs.** The re- 
duction in umbilical blood flow in some experiments 
seems to be related to the metabolic changes, since re- 
duction of PG synthesis alone does not alter placental 
blood flow.'! Concurrent fetal acidemia and decreased 
umbilical blood flow have been noted in other exper- 
imental situations (e.g., during maternal hyperglyce- 
miatt =), but the mechanisms contributing to these 
changes have not been delineated. However, it is clear 
that the presence of 4-aminoantipyrine and the reduc- 
tion of plasma PGs under hyperthermic conditions lead 
to a disturbance of fetal metabolism, metabolic acide- 
mia, and decreased umbilical blood. 

The fact that such extreme acidosis occurred during 
hyperthermia when PG synthesis was suppressed and 
that four of the 10 fetuses died indicates that the in- 


_ crease in plasma PG concentrations that normally oc- . 


curs during hyperthermia’ has an important role in 
enabling the fetus to adjust to the stress of hyperther- 
mia. The cardiovascular and endocrine effects of PGE, 
in fetal sheep include the maintenance of a dilated duc- 
tus arteriosus,” release of cortisol,‘ and augmentation 
of insulin secretion during hyperglycemia.” Although 
the impact of hyperthermia on fetal metabolism is not 
fully understood, plasma glucose and cortisol concen- 
trations were not consistently increased when fetal and 
maternal body temperatures were raised by 1° to 
2° C.'2 Also, the increase in fetal arterial pH appears 
to be almost entirely caused by the decrease in arterial 
Pco, and does not obscure a change in fetal metabolism 
that otherwise tends to decrease arterial pH. This study 
suggests that PGs play an important role in allowing 
fetal and maternal body temperatures to rise without 
causing a pathologic disturbance of fetal metabolism. 
Morishima et al.” noted that in anesthetized preg- 
nant baboons hyperthermia resulted in increased uter- 
ine activity. We have observed that this also occurs in 
unanesthetized pregnant sheep (unpublished obser- 
vations), and this may be caused by the increase in both 
PGE, and PGF,, concentrations during hyperther- 
mia. The complete cessation of uterine activity found 
by El Badry et al. and us” to occur during 4- 
aminoantipyrine infusion confirms that PGs are im- 
portant for nonlabor uterine activity. It is unclear if this 
preterm activity has important effects on fetal homeo- 
stasis or development. Harding and Poore” have shown 
that nonlabor contractions are associated with a de- 
crease in uterine blood flow. During hyperthermia 
when there would be a tendency for vascular dilatation, 
inhibition of PG synthesis-may allow greater dilatation 
to occur within the myometrium, perhaps resulting in 
a relative shift in uterine blood flow away from the 
cotyledons. We have shown that hyperthermia is nor- 
mally associated with the maintenance or increase in 
total uterine blood flow (this study and that of Andri- 
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anakis et al.*), but the partitioning of the flow between 
myometrium and placenta is not known. 

Uteroplacental blood flow, as measured in this study 
by the steady-state method with 4-aminoantipyrine in- 
fusion, was significantly increased during hyperther- 
mia. Although this could be considered a result of the 
inhibition of PG synthesis, we have also observed that 
uterine blood flow is increased during hyperthermia 
when there is an increase in maternal and fetal plasma 
PG concentrations.” These observations, together with 
those obtained with electromagnetic flow meters (this 
study and Cashner et al.'!), question the importance of 
PGs in the regulation of uterine blood flow in vivo as 
reported by others." i 

There was no significant change in mean umbilical 
blood flow during hyperthermia as measured by the 
steady-state technique in this study. However, there was 
a clear decrease in umbilical blood flow in the two ex- 
periments in which the arterial pH decreased. In four 
other trials the fetuses became severely acidotic and 
died soon after the start of the 4-aminoantipyrine in- 
fusion during heat. That these changes are the result 
of the interaction of 4-aminoantipyrine infusion is 
shown by the observation that heat alone results in fetal 
alkalosis without fetal loss.2*” Further work is required 
to determine whether these effects of 4-aminoantipy- 
rine are caused by the inhibition of PG synthesis, re- 
sultant fetal metabolic acidemia and hyperglycemia, or 
other pharmacologic effects of 4-aminoantipyrine. 

These observations suggest PG synthetase inhibitors 
should be used with caution during pregnancy in hu- 
mans. Although it is apparent that short-term inhibi- 
tion of PG synthesis does not normally affect fetal con- 
dition adversely (although a small fall in fetal arterial 
pH and rise in temperature were noted), the fetus is 
no longer able to adapt if a rise in body temperature 
is imposed at this time. If a pregnant woman uses as- 
pirin or other PG synthetase inhibitors and then ex- 
perience a rise in body temperature because of one of 
a number of factors (e.g., exercise, hot environment, 
or fever), the ability of the fetus to cope with this chal- 
lenge might be compromised. 


We thank Julie Norman for help with the surgery 
and Lynne Hepburn for typing the manuscript. 
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Progesterone antagonist lilopristone: A potent abortifacient in 


the common marmoset 


Chander P. Puri, PhD, Rohini K. Patil, BSc, Sanjiv D. Kholkute, PhD, 


Walter A. G. Elger, MD, and Xavier R. Swamy, BA 
Bombay, India, and Berlin, Federal Republic of Germany 


The effects of a progesterone antagonist ZK 98.734 (lilopristone) on implantation, early pregnancy, and 
midpregnancy were studied in the common marmoset, Callithrix jacchus jacchus. Treatment (5 mg/day 
intramuscularly for 3 consecutive days) on day 10 (n = 8) after the midcycle peak in estradiol levels in 
mated animals induced a premature drop in plasma progesterone levels and shortened the ovarian cycle 
length. Treatment on day 20 (n = 5) or day 40 (n = 5) induced a drop in progesterone levels and decidual 
collapse. In three animals treated on day 40, vaginal bleeding was observed within 46 hours of the 
initiation of treatment. Treatment on day 80 resulted in expulsion of the fetuses with a mean induction 
abortion interval of 39 hours (range, 20 to 48 hours). The progesterone antagonistic effects of ZK 98.734 
could be a result of the decrease in progesterone synthesis by the corpus luteum and/or placenta in 
addition to the interference with the progesterone binding to its cellular receptors in the target organ. Our 
study suggests that ZK 98.734 has potential for fertility regulation. Clinical trials for postcoital 
contraception, induction of menstruation, and early abortifacient effects are warranted. (AM J OBSTET 


GYNECOL 1989;161:248-53.) 


Key words: Progesterone antagonist, lilopristone, abortifacient, progesterone, common 


marmosets 


Progesterone is indispensable for the nidation of fer- 
tilized ovum and maintenance of pregnancy. The block- 
ing of progesterone biosynthesis'® or inhibiting its ac- 
tion at the target organ“ * interferes with these physi- 
ologic events. Recently three progesterone antagonists 
(RU 486, mifepristone; ZK 98.299, onapristone, and 
ZK 98.734, lilopristone) have been identified that com- 
pete for hormone binding at the target site and thus 
prohibit progesterone from eliciting hormonal effects, 
These compounds are being evaluated as postcoital 
contraceptive, implantation inhibitor, menstrual in- 
ducer, or early abortifacient. 

RU 486 is a progesterone antagonist that blocks pro- 
gesterone synthesis” ’ and intercepts progesterone ac- 
tion at the cellular level.* In nonpregnant monkeys*"” 
and women®' it is an effective menstrual inducer. 
Treatment with RU 486 induces vaginal bleeding in 
pregnant women in the majority of cases; however, the 
expulsion of conceptus is often incomplete.’® ° Treat- 
ment within 10 days of missed periods induces com- 
plete abortion in about 80% of the women and the 
efficacy is further reduced (average, 63%) when the 
treatment is delayed." In some cases the incidence of 
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vaginal bleeding is heavy and requires emergency cu- 
rettage.'® This clinical efficacy is lower than that 
achieved by prostaglandin analogs.'® However, when 
RU 486 is used in combination with prostaglandin 
analogs, the abortifacient efficacy is increased to 
95%." 18 

ZK 98.299 also has high affinity for progesterone 
receptors in the endometrium of bonnet monkeys’ and 
humans.’® Its administration during the midluteal 
phase decreases serum progesterone levels and induces 
menstruation in the bonnet monkeys.” Its administra- 
tion during early pregnancy induces vaginal bleeding 
in all the animals but the conceptus is expelled only in 
about 60% of the animals (unpublished observations). 
In guinea pigs, priming with ZK 98.299 markedly en- 
hances uterine prostaglandin sensitivity." ZK 98.299 
has not been clinically evaluated; however, it appears 
that it may also require a supplementary oxytocic agent 
for complete abortion, as does RU 486. 

Structurally ZK 98.734 more closely resembles RU 
486 than ZK 98.299.” Its antiglucocorticoid activity is 
less than the other two compounds.” It is a more potent 
abortifacient than ZK 98.299 or RU 486 in guinea 
pigs.” In the nonpregnant common marmoset, admin- 
istration of ZK 93.734 during the midluteal phase in- 
duces a drop in plasma progesterone levels and short- 
ens the ovarian cycle length.” Similarly, its administra- 
tion during early pregnancy induces resorption. ZK 
98.734 also has a high affinity for progesterone recep- 
tors.” Therefore it is possible that ZK 98.734 would be 
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Fig. 1. Effect of ZK 98.734 on luteal phase progesterone levels. Occurrence of midcycle peak in 
estradiol levels followed by rise in progesterone levels indicates that these animals had ovulated. 
Progesterone levels (mean + SD) of five animals in group 1 (control) that became pregnant and 
eight animals treated with ZK 98.734 (group 2) are shown. Progesterone levels on day 13 were 
significantly less in group 2 than in group I animals. 


a more potent abortifacient than the other two com- 
pounds. 

This study was undertaken to evaluate the efficacy 
of ZK 98.734 in pregnancy termination in the common 
marmoset, Callithrix jacchus jacchus. ZK 98.734 was ad- 
ministered at four stages of gestation: (1) around the 
time of implantation, (2) immediately after the ovarian 
cycle length is extended, which corresponds to missed 
periods in menstruating nonhuman primate species, (3) 
on day 40 and, (4) on day 80 after the midcycle peak 
in estradiol levels (i.e., before and after the luteopla- 
cental shift in progesterone synthesis). Plasma levels of 
progesterone were estimated to determine the effects 
of ZK 98.734 on corpus luteum function and on pla- 
cental progesterone production. The reproductive 
endocrine profile of gonadal hormones has been 
extensively studied in this species of nonhuman pri- 
mates.” * Like other species of nonhuman primates, 
ovulation occurs in the common marmoset about 24 
hours after the luteinizing hormone surge or 36 hours 
after the midcycle peak in estradiol levels.** Implan- 
tation occurs on approximately day 9 to 10 after ovu- 
lation.” A corpus luteum is necessary for pregnancy 
sustenance for nearly 48 days after ovulation.” 


Material and methods 


Animals. Common marmosets weighing between 
350 and 450 gm were used. The animals were bred at 
the Primate Facility of the Institute and were housed 
in rooms maintained at 26° C and controlled photo- 


period of 14 hours of light and 10 hours of darkness. 
They were fed a diet of bread, fresh fruits, vegetables, 
milk, and water. The details of the management and 
husbandry have been previously published.” 

Antiprogestin. ZK 98.734 (11B-(4-dimethylamino- 
phenyl)-178-hydroxy-17a-(3-hydroxy-prop-1(Z)-enyl- 
4,9(10)-estradien-3-one) was dissolved in benzyl ben- 
zoate at 90° G and was further diluted with castor oil 
(1:4). A dose of 5 mg in 0.2 ml of the vehicle was 
injected intramuscularly. Only vehicle was injected in 
the control group. 

Administration of ZK 98.734 or vehicle. ZK 98.734 
or vehicle was injected into five groups of animals. The 
treatment was initiated with respect to the day of mid- 
cycle peak in estradiol levels (day 0) as follows: group 
1 (n = 8), vehicle from day 10 to day 12; group 2 
(n = 8) ZK 98.734 from day 10 to day 12; group 3 
(n = 5) ZK 98.734 from day 20 to day 22; group 4 
(n = 5) ZK 98.734 from day 40 to day 42, and group 
5 (n = 7) ZK 98.734 from day 80 to day 82, unless the 
animal aborted before the third injection. 

Selection of pregnant animals. Common marmosets 
show postpartum ovulation and in our colony approx- 
imately 80% of the animals become pregnant in the 
first ovarian cycle after delivery.” Therefore, marmo- 
sets were selected immediately after delivery. The day 
of parturition was considered day 1. The females were 
allowed to continue in family groups, with an adult male 
and their young ones. On postpartum day 15, the males 
were removed from the cages. Blood samples were col- 
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Fig. 2. Effect of ZK 98.734 on pregnancy. Progesterone levels >40 ng/ml on day 20 are indicative 
of fertile mating. Administration of ZK 98.734 on day 20 to day 22 caused significant decrease in 
plasma progesterone levels. Pregnancy was terminated in all animals. 


lected on alternate days until day 15. Estradiol levels 
were analyzed immediately to determine the day of 
midcycle peak in estradiol levels. In groups 1 and 2, in 
which the treatment was initiated on day 10 after es- 
tradiol peak, pregnancy was not confirmed at the t.me 
of treatment. Results were analyzed with regard to the 
basis of hormone levels and the outcome of mating 
between the control and treatment groups. In the other 
groups, blocd sampling was again started on day 15 
and samples collected once daily until day 20. Plasma 
progesterone levels were immediately estimated and 
the animals in which progesterone levels on day 20 were 
>40 ng/ml were considered pregnant.” In our colony, 
marmosets have an ovarian cycle length of 26.6 + 2.4 
days (mean + SD, n = 14), the midcycle peak in estra- 
diol levels occurs on day 9.2 + 0.7, and the luteal phase 
is of 17.4 + 1.3 days. The pregnant animals were dis- 
tributed in three groups (groups 3 to 5). 

Collection of blood samples. Blood samples (0.3 ml) 
were collected from the femoral vein once daily for 2 
days before and 7 days after the treatment was initiazed. 
Plasma was separated and kept frozen below ~ 20° G 
until further processed. 

Estimation of hormone levels. Plasma levels of es- 
tradiol and progesterone were analyzed by speci- 
fic radioimmunoassay methods. The reagents were 
provided by the World Health Organization urder 
the Programme of Matched Assay Reagents for the 
Radioimmunoassay of Hormones in Reproductive 


Physiology.” Estradiol levels were measured with an 
antiserum raised against estradiol-3CMO-bovine se- 
rum albumin (1:210,000) and 2,4,6,7-3H-estradiol (99 
Ci/mmol). Mouse monoclonal antibody raised against 
progesterone-3-CMO-BSA (1:210,000) and 1,2,6,7- 
*H-progesterone (39 Ci/mmol) were used for proges- 
terone assay. Serum aliquots of 50 pl and 10 wl in du- 
plicate were used for the estimation of estradiol and 
progesterone levels, respectively. The sensitivities of the 
assay methods were 5 pg/tube (100 pg/ml) for estradiol 
and 15 pg/tube (1.5 ng/ml) for progesterone. The co- 
efficients of intraassay and interassay variation (n = 13) 
were 9.5% and 13.4%, respectively, for estradiol and 
8.4% and 12.6%, respectively, for progesterone. 

Statistical analysis. Radioimmunoassay data were 
analyzed with a logit-log transformation of the data on 
an Apple Ile computer. The differences in progester- 
one levels between control and treated animals were 
evaluated by Student's ¢ test. 


Results 

Effect on pregnancy. 

Groups 1 and 2. In group | (control, n = 8) five an- 
imals became pregnant, thereby indicating a pregnancy 
rate of 62.5%. The pregnancy was confirmed by the 
rising levels of progesterone beyond day 17 and sub- 
sequent increase in uterine size. Administration of ve- 
hicle on day 10 tc day 12 had no effect on the luteal 
function and the pregnancy. 
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Fig. 3. Administration of ZK 98.734 on day 40 to day 42 caused decrease in plasma progesterone 
levels. Abdominal palpation was suggestive of resorption of conceptus. 


In ZK 98.734-treated animals (group 2), the occur- 
rence of a midcycle peak in estradiol levels followed by 
a rise in plasma progesterone levels indicated that these 
animals had ovulated. Administration of ZK 98.734 
caused a premature decrease in plasma progesterone 
levels (Fig. 1). Progesterone levels on day 13 were sig- 
nificantly less (p < 0.001) in treated animals compared 
with the control group. The luteal phase was curtailed 
and none of these animals continued with pregnancy. 

Groups 3 and 4, The administration of ZK 98.734 on 
day 20 (group 3) or day 40 (group 4) caused a significant 
decrease in plasma progesterone levels (Figs. 2 and 3). 
Vaginal bleeding was observed between 32 and 46 
hours after the initiation of treatment in three animals 
treated on day 40. The conceptus was not expelled. 
Abdominal palpation of the animals in group 4 was 
suggestive of resorption of conceptus. Pregnancy was 
terminated in all animals in beth the groups. 

Group 5. Administration of ZK 98.734 on day 80 in- 
duced abortion in all the animals (Table I). Fetuses were 
expelled between 20 and 48 hour's of the initiation of 
treatment. The mean plasma progesterone levels im- 
mediately before the initiation of treatment were 
64 + 11 ng/ml; 72 hours later the levels were 7 + 3 
ng/ml. 


Comment 
Our study demonstrates that ZK 98.734 is a potent 
abortifacient in the common marmoset. Its administra- 


tion at approximately the time of implantation in mated 
animals inhibited nidation or disrupted the implanted 
ovum. Because blood samples were collected on alter- 
nate days, the day of estradiol peak could be +1 day. 
Therefore it is possible that treatment was initiated just 
before implantation in some animals. A significant de- 
crease in peripheral plasma progesterone levels and 
ovarian cycle length were suggestive of pregnancy ter- 
mination. The posttreatment cycles were ovulatory and 
of normal duration. Similarly, when the treatment was 
initiated on day 20 or day 40, a decrease in progester- 
one levels was observed and the conceptus was re- 
sorbed. Conversely, when the treatment was initiated 
after the luteoplacental shift in progesterone synthesis 
and when embryonic development was near comple- 
tion,” the fetuses were expelled. Therefore this study 
suggests that ZK 98.734 has the potential for use as a 
postcoital method of contraception, as a menstrual in- 
ducer, and in the termination of pregnancy. 

The abortifacient effects of ZK 98.734 in the com- 
mon marmoset appear to be similar to that in guinea 
pigs.” In guinea pigs, treatment on postconception day 
4 prevents nidation, treatment on day 8 induces decid- 
ual collapse and bleeding, and treatment on day 43 
induces expulsion of the conceptus. Whereas ZK 
98.734 and RU 486 have comparable antinidatory po- 
tency, ZK 98.734 induces expulsion more rapidly and 
at higher rate compared with RU 486.” 

ZK 98.734 and progesterone are mutually competi- 
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Table I. Effect of ZK 98.734 on pregnancy in common marmoset 












Total dose 
(mg) 





Animal No. Outcome 


147 5 Aborted 

149 10 Aborted | 

151 10 Aborted à 
107 10 Aborted 

131 10 Aborted 

159 10 Aborted 

111 10 Aborted 


Induction-abortion 
time (hr) 






Mean weight per 
` foetus (gm) 







No. of foetuses 





20 2 1.7 
45 i 1.5 
48 1 4.0 
45 1 2.1 
27 1 1.4 
47 1 2.2 
42 3 1.5 





Treatment (5 mg/day) was initiated on day 80. 


tive for binding to progesterone receptors ir. the 
uterine cytosol of common marmosets? and bonnet 
monkeys.” Moreover, ZK 98.734 also exchanges the 
progesterone-labeled receptor sites in the myometrium 
of bonnet monkeys.’ It is therefore possible that the 
progesterone antagonistic effects of ZK 98.734 could 
be mediated by interfering with the binding of pro- 
gesterone to its cellular receptors. However, a signifi- 
cant decrease in plasma progesterone levels observed 
in this study suggests that the antinidatory or aborti- 
facient effects could also be a result of the recuced 
progesterone production by the corpora lutea and the 
placenta. Whether the decrease in progesterone pro- 
duction is the result of direct action of ZK 98.754 on 
thé ovary or is the result of withdrawal of gonadotropin 
support is not known. In the rat, administration of 
ZK 98.734 on postcoital day 5 induces structural 
changes in the corpora lutea that are characteristic of 
luteolysis; these effects are similar to those observed 
with RU 486. RU 486 decreases the level of luteal 38- 
hydroxysteroid dehydrogenase, which is followec. by a 
decrease in serum progesterone levels in the rat.” Sim- 
ilarly, under in vitro conditions RU 486 decreases the 
activity of 38-hydroxysteroid dehydrogenase and pro- 
gesterone production by the human granulosa cells.’ 
In the rat ovary, RU 486 binds to progesterone and 
glucocorticoid receptors,” suggesting the possible in- 
volvement of progesterone antagonists in progesterone 
receptor-mediated effects on the ovary. Similarly, the 
abortifacient effects of ZK 98.734 or structurally re- 
lated compounds; when administered after the luteo- 
placental shift in progesterone synthesis, could be a 
result,of a decrease in progestesrone synthesis by the 
placenta. RU 486 impairs the production of proges- 
terone, human chorionic gonadotropin, and human 
placental lactogen by the syncytiotrophoblasts in cul- 
ture.” The effects of RU 486 on human chorionic go- 
nadotropin and human placental lactogen are reversed 
by exogenous progesterone and not with cortiso!. RU 
486 is rapidly absorbed from the maternal circulation 
to the fetus through the placenta of rhesus monkeys.°° 
Therefore these observations support the possibility of 
direct action of RU 486 and structurally related com- 


pounds on the inhibition of progesterone action in the 
trophoblast. However, further studies are needed to 
elucidate the mechanism of action of progesterone an- 
tagonists. 

Epostane, an inhibitor of progesterone synthesis, is 
also a potent abortifacient in rhesus monkeys” and in 
humans. Its abortifacient efficacy is quite comparable 
to that of RU 486.** However, the termination of preg- 
nancy with epostane requires repeated administration 
of the compound for several days and the incidence of 
side effects such as nausea and vomiting is very com- 
mon? Moreover, it has not yet been conclusively 
resolved in primates whether epostane is a selective 
inhibitor of ovarian and placental progesterone bio- 
synthesis or whether it also affects progesterone pro- 
duction by the adrenal glands, an effect that would not 
be desirable in view of the role of progesterone as 
an intermediary in glucocorticoid biosynthesis. Con- 
versely, the use of progesterone receptor-blocking 
agents would be preferable because of their selective 
and specific mode of action. Moreover, progesterone 
receptors are almost exclusively found in reproductive 
organs and are sensitive to the hormone only at ap- 
propriate times.’ Since ZK 98.734 is a very potent abor- 
tifacient in the common marmosets, it can be clinically 
evaluated as a postcoital method of contraception, 
“once-a-month pill,” or for the termination of early 
pregnancy. l 


We thank the World Health Organization for pro- 
viding reagents for the estimation of steroid hormones. 
We also thank S. Kadam for assistance with the art 
work, 
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CORRESPONDENCE 





Fetal death: Diagnosis and management 


To the Editors: 

I read the article (Fetal death: Diagnosis and man- 
agement. AM J OBSTET GYNECOL 1987;157:583-9) by 
Roy M. Pitkin with great interest and admiration. The 
purpose of the article was to review the causes and 
diagnoses of fetal death and to discuss several labora- 
tory tests that offer a much higher yield in the iden- 
tification of the causes of unexplained stillbirths Our 
protocol! for evaluation of pre- and perinatal death is 
similar to that proposed by J. C. Carey? and others. We 
use a mnemonic to remember possible causes of unex- 
plained fetal death: MIMAMET (which in Hebrew lit- 
erally means “from what died?”) M = malformacions; 
I = infections; M = muscular; A = autoimmune; M = 
metabolic; E = endocrine; and T = transfusion. 

Despite their rarity, endocrine causes of fetal death 
(hyperthyroidism and hyperparathyroidism) should be 
taken in account. The perinatal death rate was 50% in 
cases of thyrotoxicosis diagnosed in utero” and fetal loss 
has been reported to occur most often late in the preg- 
naricies of untreated cases. Also, overlooked and un- 
treated primary hyperparathyroidism has deleterious 
effects on both mother and fetus.* Many (20%) af the 
patients with primary hyperparathyroidism were com- 
pletely without evident symptoms during their preg- 
nancy.‘ For these reasons it appears that calcium, thy- 
roxine, and thyroid-stimulating hormone tests should 
be routinely performed for evéry unexplained fetal 
death. 

We also believe that the search for infectious causes 
of fetal death, such as listeriosis, should be extended to 
Ureaplasma, Mycoplasma, anaerobes, and especially to 
viral infections (herpes, cytomegalovirus). Benirschke 
and Robb’ have demonstrated a high frequency of la- 
tent endometrial herpes simplex virus type 2 infection, 
which produces a true intrauterine herpes simplex vi- 
rus infection in the embryo or fetus and was an im- 
portant cause of fetal death. 

We continue to take into account muscular causes of 
fetal death, although reports suggest that myasthenia 
gravis probably does not increase a pregnant pat_erit’s 
risk of intrauterine death.’ 


Despite these additions, Pitkin’s review is very inter- ` 


esting and provides useful and most valuable infor- 
mation for current clinical practice. 
Paul Merlob. MD 
Neonatal Department 
Beilinson Medical Center and 
Sackler School of Medicine 
University of Tel Aviv 
49 100 Petah Tikva, Israel 


REFERENCES 


1. Lerman-Sagie T, Merlob P. Evaluation’of perinatal death— 
suggestion for a protocol and review of the literature. Har- 
efuah 1987;113:246. 


ara 


2. Carey JC. Diagnostic evaluation of the stillborn infant. Clin 
Obstet Gynecol 1987;30:342. 

3. Pekonen F, Teramo K, Makinen T, et.al. Prenatal diagnosis 
and treatment of fetal thyrotoxicosis. AM J OBSTET GY- 
NECOL 1984;150:893. 

4. Kristoffersson A, Dahlgren S, Lithner F, et al. Primary 
hyperparathyroidism in pregnancy. Surgery 1985;97:326. 

5. Benirschke K, Robb YA. Infectious causes of fetal death. 
Clin Obstet Gynecol 1987;30:284. 

6. Genkins G. Myasthenia gravis and pregnancy. In: Cherry 
SH, Berkowitz RL, Kase NG, eds. Medical, surgical and 
gynecological complications of pregnancy. 3rd ed. Balti- 
more: Williams and Wilkins, 1985:447. 


Response declined 


Data sought to link adverse pregnancy outcome 
with maternal serum a-fetoprotein levels in black 
gravid women 


To the Editors: 

Macri et al. (Maternal serum «-fetoprotein screening. 
Am J OssTeT GyNEcOL 1987;157:820-2.) document 
that “the mean, of the distribution of maternal serum 
a-fetoprotein levels in black gravid women is signifi- 
cantly higher than that in other gravid women.” He 
then goes on to s-ate that these women will be subjected 
to unnecessary anxiety, expense, inconvenience, and 
potential maternal or fetal harm.” In addition, the in- 
cidence of open neural tube defects is lower for black 
women than that for others. Whereas his data should 
obviously be used for the prediction of open neural 
tube defects in blacks, it should not be forgotten 
that elevated maternal serum a-fetoprotein values 
also predict other pregnancy complications. In the 
United States, compared with white mothers, black 
mothers have an increased incidence of pregnancy 
complications and low birth weight infants. Perhaps this 
shift in maternal serum a- fetoprotein values for blacks 
is not normal, but in reality it is related to this increased 
incidence of adverse pregnancy outcomie. Thus it 
would be helpful if Macri et al. compared their data in 
black women with regard to birthweight, stillbirth, and 
spontaneous abortion. 

Roger R. Lenke, MD 
Maternal-Fetal Medicine 
Center for Women and Children 
3000 Arlington Ave. 
Toledo, OH 43699 


Reply 
To the Editors: 

As evidenced by our publication in 1978,' we have 
long shared Lenke’s interest in the association betweeri 
elevated maternal serum a-fetoprotein and the higher 
incidence of complications and low birth weight in 
pregnancies of black women. This laboratory has de- 
veloped a large data base on black gravid women. Com- 
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pletion of the onerous task of securing and analyzing 
data with regard to perinatal complications including 
low birth weight will enable us to make known our 
findings on this association. 
James N. Macri, PhD 
Ramana V. Kasturi, BE, MS 
Mannshya G. Hu, PhD 
David A. Krantz, BS 
Timothy J. Douros 
Paul Sajda 
Edward J. Cook, PhD 
Research Division 
NTD Laboratories, Inc. 
383 Old Country Road 
Carle Place, NY 11514 
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Frequency and timing of intravascular 
intrauterine transfusions reconsidered 


To the Editors: 

In our country the incidence of severe fetoneonatal 
hemolytic disease is still rather elevated because of the 
lack of effective prophylactic planning. In the past 
radiologically’? and then ultrasonographically’ guided 
intrauterine intraperitoneal transfusions helped us to 
improve neonatal survival in such cases. At present we 
perform intravascular intrauterine transfusions be- 
cause the good results of this procedure reported in 
the literature*’ are encouraging. Furthermore, the in- 
travascular route allows us to start treatment before 25 
weeks’ gestation, to obtain immediate hematologic data, 
and to determine the amount of blood volume needed 
to increase fetal hematocrit. 

We were surprised to read the extremely good peri- 
natal results reported by Dr. Michael L. Socol et al. 
(Percutaneous umbilical transfusion in severe rhesus 
isoimmunization. AM J OBSTET GYNECOL 1987;157: 
1369-75). In their study, all hydropic changes in the 
treated fetuses resolved completely after the transfu- 
sions. In our experience, however, the rate of hydropic 
resolution is much lower, as it is in the other studies 
published in the literature." 

In the past 18 months we have performed a total of 
90 intravascular transfusions on 33 patients with severe 
fetal Rh hemolytic disease. Before the initial transfu- 
sion, 16 (48%) of the fetuses had hydrops with ascites, 
edema, and pericardial effusion. Only four of these 
(25%) showed hydropic remission after transfusional 
therapy. A total of 12 (36%) fetuses died in utero. A 
total of 21 (64%) treated fetuses were born alive; of 
these, 11 died in the early neonatal period (4 of hydrops 
fetalis, 1 of cardiac arrest during the exchange trans- 
fusion, 2 of cardiac failure, 3 of hyaline membrane 
disease, and 1 of extreme immaturity). 

Anti-D titers have been shown to increase (in some 
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cases from 7.31 wg to 35.2 ug) after intravascular in- 
trauterine transfusions. This antibody rise might result 
from fetomaternal hemorrhage probably in response 
to vascular disruption caused by the use of transfusion 
needles. This forces us to reconsider the frequency of 
intravascular intrauterine transfusions and the most 
appropriate time to initiate treatment. 

Our results differ from those stated by Dr. Socol 
et al. Furthermore, we believe that Dr. Socol’s findings 
do not reflect the real danger and irreversibility of most 
hydropic cases despite intravascular intrauterine trans- 
fusions. 

Liliana S. Voto, MD 
Miguel Margulies, MD 
Section of Maternal-Fetal Medicine 
Hospital Juan A. Fernández 
University of Buenos Aires School of Medicine 
Av. Pueyrredón 1746 2A 
1119 Buenos Aires, Argentina 
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Reply 
To the Editors: 

We appreciate the interest of Drs. Voto and Margulies 
in our article (Percutaneous umbilical transfusion in 
severe rhesus isoimmunization: Resolution of fetal hy- 
drops. AM J OBSTET GYNECOL 1987;157:1369-75). We 
agree fetal hydrops secondary to severe isoimmuniza- 
tion is an ominous sign, particularly if at <26 weeks’ 
gestation. However, we disagree with the statement that 
hydrops is irreversible in most cases. To the contrary, 
we. believe ultrasonographically guided intravascular 
transfusions have the capability to considerably im- 
prove the prognosis for these pregnancies. A larger 
series published by Grannum et al. supports our con- 
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tention.' Sixteen of 20 (80%) hydropic fetuses survived 
and hydrops was completely reversed in 13 of the 16 
(81%) fetuses. Consequently, although there are risks 
associated with fetal blood sampling and intravascular 
therapy, we continue to believe the ability to gain access 
to the fetal circulation enhances effective in utero 
treatment. 
Michael L. Socol, MD 
Scott N. MacGregor, DO 
Bruce W. Pielet, MD 
Ralph K. Tamura, MD 
: Rudy E. Sabbagha, MD 
Section of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Northwestern University Medical School 
333 E. Superior St. 
Chicago, IL 60611 
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Basic reference gambles recommended for 

utility assessment 
To the Editors: 

We wish to question Silver and Minogue’s analysis 
(When does a statistical fact become an ethical imper- 
ative? AM J OBSTET GYNECOL 1987;157:229-33) with 
utility scores of elective repeat cesarean section and trial 
of scar. They asked eight perinatologists to assign utility 
scores of 0 to 100 (worst = 100) to 11 outcomes that 
ranged from the minor (the inconvenience of awaiting 
spontaneous labor and the discomfort of labor) to the 
major (adverse outcomes of neonatal and maternal 
death). This is essentially the same as asking the re- 
spondents to mark the outcomes on a linear analog scale 
and is flawed because people always bunch their replies 
away from the ends of the scale, even when their util- 
ities differ 100-fold, 1000-fold, or more. 

The correct method of utility assessment is the basic 
reference gamble, which in its most widely used form 
requires subjects to choose between a certainty of an 
intermediate outcome and a gamble between two ex- 
treme outcomes. For example, to measure the relztive 
utility of maternal death and obstetric hysterectemy, 
subjects would be asked to choose between a certain 
hysterectomy and a gamble between maternal death 
and full health. At gambles with high risks of death, 
say 1 in 10, almost all people would choose hysterec- 
tomy, whereas at low risks, say 1 in 10,000, most would 
choose to risk death. At some risk of death each subject 
would be unable to decide and that level is defined as 
the level of indifference. 

We are not aware of any surveys of the basic refer- 
ence gamble between hysterectomy and maternal death 
but suspect that most North American women (a pop- 
ulation not notably averse to hysterectomy) would 
choose hysterectomy in preference to very low (2.g., 
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much less than 1 in 100) risks of death. Silver and 
Minogue, however, value hysterctomy at 62 and ma- 
ternal death at 100. If these values were correct the 
average woman would choose a 50:50 gamble between 
full health and death in preference to hysterectomy. 
Similar ludicrous conclusions are implied by all of the 
utilities they quote. For example, they value the dis- 
comfort of labor as 6 on the same scale, which would 
imply that women would take a | in 20 risk of death 
to avoid it. We had a similar problem with a recent 
unpublished survey of patient utilities in relation to 
surgical management of microinvasive carcinoma of the 
cervix, in which 30 young women marked their values 
on a linear analog’scale. On a scale with full health and 
fertility valued 100 and death valued 0, iatrogenic in- 
fertility was valued 50. We do not pretend to know what 
a reasonable utility for infertility should be, but we are 
fairly certain that 50 is much too low. The problems 
with linear analog scales and the theoretic and practical 
aspects of the basic reference gamble are well covered 
in textbooks of decision analysis.’ 

There is another weakness in their study. They have 
failed to measure the utilities of elective and emergency 
cesarean section. These are of crucial importance be- 
cause, as several authors have argued,” * by avoidance 
of the risks of emergency operation elective cesarean 
section may be equally as safe as trial of labor for the 
mother. In other words, the relatively greater dangers 
of intrapartum, compared with elective operation, 
means that the utility of trial of vaginal delivery falls 
as the chance of success decreases. If this is accepted, 
the crucial decision is often between risk of fetal death 
and loss of the satisfaction of normal delivery. At low 
avoidable risks of fetal death this may be important for 
some women. Whereas some who value normal delivery 
relatively low in relation to fetal health will want all 
possible intervention, others who value the process of 
natural childbirth relatively high will refuse the same 
intervention. We are attempting to measure these val- 


- ues, but even with the use of reference gambles it is 


difficult to obtain internally consistent results. In the 
meantime, facile acceptance of clearly untenable utili- 
ties will bring clinical decision analysis into disrepute. 
If utilities are used they should be subjected to sensi- 
tivity analyses in the same way as probabilities. 

J. G. Thornton, MD 

R. J. Lilford, PhD 

Departments of Obstetrics and Gynecology 
Leeds General Infirmary and St. James’ Hospital 
Leeds, England 
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Reply 
To the Editors: 

We would be in agreement with the respondents that 
our method of assignment of utility scores on a linear 
scale does not provide the most accurate sensitivity of 
outcome ranking. Though sensitivity may be reduced 
by this method, outcome priority (worst to least offen- 
sive) is maintained by this method. Inasmuch as priority 
of outcome is maintained, the various nodes of the 
decision tree do accurately reflect the originally as- 
signed priorities. Thus the end point comparison of 
cesarean section versus trial of labor remains valid (i.e., 
from purely outcome-based analysis, trial of labor pro- 
vides more benefit and less risk than does repeat ce- 
sarean section). Because sensitivity is diminished by our 
method, the “point spread” between the various nodes 
of the decision tree may not reflect an appropriate 
(more sensitive) magnitude of difference. 

Certainly, improvement in sensitivity would enhance 
any decision analysis. But decision analysis, as such, was 
not our point. In fact, a key objective of the article was 
to expose a fatal flaw in utility analysis as the sole arbiter 
of ethical decisions. Even with the assumption of a de- 
cision analysis method with 100% sensitivity in utility 
ranking, such ranking would remain highly subjective. 
Despite the seeming quantitative objectivity of decision 
analysis, both the ranking and order of magnitude as- 
signed to any outcome are on the basis of personal, 
subjective preferences. Utility ethics, by making the 
most good for the most people an absolute, ignores the 
claims and rights of the few. Translated into quanti- 
tative terms, any utility assignment, no matter how sen- 
sitive, would have to be on the basis of an average of 
respondents’ scoring. This averaging supports the ma- 
jority and disenfranchises the minority. Thus the al- 
leged objectivity of utility analysis is actually more a 
reflection of common opinion than of scientific fact. 

Richard Silver, MD 
Jack Minogue, DMin 
Department of Obstetrics and Gynecology 
Northwestern University Medical School 
Evanston Hospital 
2650 Ridge Avenue 
Evanston, IL 60201 


Detection of fetal blood 


To the Editors: 

We read with interest the article, “Ultrasound diag- 
nosis of abruptio placentae with fetomaternal hemor- 
rhage,” by Dr. Michael S. Cardwell (Am J OBSTET GY- 
NECOL ‘1987;157:358-9). We noted an omission by the 
author in that he did not consider that 25% of women 
produce hemoglobin F during pregnancy.’ This may 
account for some positive results of Kleihauer-Betke 
tests. About 1.7% of a population of white Americans 
had increased numbers of hemoglobin F cells.” More- 
over, 1.4% of all black Americans have 8-thalassemia 
minor and therefore might have elevated levels of he- 
moglobin F cells.’ In a British work 3% of a population 
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was found to have inherited elevated percentages of 
hemoglobin F cells.* The important conclusion is that 
some patients may have elevated numbers of hemoglo- 


-bin F cells without fetomaternal hemorrhage. As an 


alternative to the Kleihauer-Betke test it was recom- 
mended to measure a-fetoprotein in maternal blood. 
This test is more sensitive but it takes more time. We 
have to point out that maternal serum a-fetoprotein 
may not be so specific of fetal hemorrhage because it 
is normally diffused in maternal blood by passage from 
amniotic fluid. Some authors’ found that a baseline 
prehemorrhage sample was necessary; of course, this 
would be unavailable in maternal trauma patients. Nev- 
ertheless, we can overcome these inconveniences in 
nonurgent cases by repeat blood samples. There are 
also other tests to detect fetal blood, such as hemoglobin 
electrophoresis® and glycerol lysis time,’ but most pre- 
fer to measure «-fetoprotein in maternal blood as an 
indicator of fetomaternal bleeding. 
à Joseph R. Leiberman, MD 
Moshe Mazor, MD 
Adolph Cohen, MD 
Department of Obstetrics and Gynecology 
Soroka Medical Center f 
Faculty of Health Sciences 
Ben Gurion University of the Negev 
Beer Sheva, POB 151, Israel 


REFERENCES 


1. Mollison PL. Blood transfusion in clinical medicine. 7th ed. 
Springfield, Illinois: Charles C Thomas, 1983:368-9. 

2. Wood WG., Stomatoyannopoulos G, Lim G, et al. F-cells 
in the adult: normal values and levels in individuals with 
hereditary and acquired elevations of HbF. Blood 1975; 
46:671-82. , 

3. Pierce HI, Kurachi S, Sofroniadou K, et al. Frequencies of 
thalassemia in American blacks. Blood 1977;49:981-6. 

4. Zago MA, Wood WG, Clegg JB, et al. Genetic control of 
F-cells in human adults. Blood 1979;53:977-86. 

5. Rose PG, Strohm P, Zuspan FP. Assessment of fetomaternal 
hemorrhage with Kleihauer-Betke test [Letter Reply]. AM 
J OBSTET GYNECOL 1986; 155:1146. 

6. Richards SR, Miller MM. Bloody tap amniocentesis: dis- 
crimination between fetal and maternal blood by means 
of hemoglobin electrophoresis. AM J OBSTET GYNECOL 
1983; 145:837-40. 

7. Bar-David J, Piura B, Leiberman JR, et al. Discrimination 
between fetal and maternal blood [letter]. AM J OBSTET 
GYNECOL 1984; 148:352. 


Reply 
To the Editors: 

I wish to thank Drs. Leiberman, Mazor, and Cohen 
for their interest in my article. They are correct in 


' stating that some patients may have elevated fetal he- 


moglobin levels associated with 8-thalassemia minor or 
inherited elevated levels of hemoglobin F cells. How- 
ever, I must point out that elevated a-fetoprotein values 
are associated with a myriad of conditions, including 
ventral wall defects, neutral tube defects, and fetal 
death.’ Moreover, to reliably detect fetomaternal hem- 
orrhage by a-fetoprotein levels, prehemorrhage and 
posthemorrhage specimens must be available, which is 
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usually not the case in patients with suspected abruptio 
placentae.* Most hospital blood banks have around- 
the-clock facilities to run Kleihauer-Betke tests; a- 
fetoprotein specimens are usually saved for “batches.” 
Quantitations of the fetomaternal hemorrhage dem- 
onstrated by the Kleihauer-Betke stain can be accom- 
plished with the formula derived by Mollison”: Feto- 
maternal hemorrhage (milliliters of fetal red blood 
cells = 2400 x: Fetal red blood cells + Adult red blood 
cells. Quantitation of the bleeding is not possible with 
a-fetoprotein values. Although other tests are available 
to detect fetal blood, the Kleihauer-Betke stain (fetal 
cell stain) remains the standard test in the United States 
and is widely used to screen Rh-negative mothers for 
evaluation and quantitation of the Rh,(D) immune 
globulin administration. 

Michael S. Cardwell, MD 
Director of Maternal-Fetal Medicine 
University of Missouri— Columbia 
Columbia, MO 65212 
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Role of ferritin supported in diagnosis of 

anemias of pregnancy 
To the Editors: 

I believe the article by Schifman et al. (Schifman RB, 
Thomasson JE, Evers JM. Red blood cell zinc broto- 
porphyrin testing for iron-deficiency anemia in preg- 
nancy. AM J OBSTET GYNECOL 1987;157:304-7) repeats 
a mistake that most American investigators have made 
in the study of anemias of pregnancy. They fail to con- 
sider plasma volume expansion and total red blood cell 
mass (body hematocrit). I predict that the women with 
the lowest hematocrit in the third trimester actually 
have the most red blood cells and the biggest inzants.' 
Indeed, the bigger the newborn the lower the hemat- 
ocrit and the higher the incidence of apparent: iron 
deficiency.” Studies have reconfirmed that ferritin is 
indeed the gold standard for diagnosis of iron defi- 
ciency anemias of pregnancy and I believe that Schif- 
man’s et al. article has only confused the issue. 

Robert C. Goodlin, MD 
Professor 
Obstetrics and Gynecology 
University of Colorado Health Sciences Center 
School of Medicine 
4200 E. Ninth Ave. 
Denver, CO 80262 
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Reply 
To the Editors: 

Mild anemia, secondary to increased plasma volume, 
is anormal physiologic consequence of pregnancy and, 
as Dr. Goodlin points out, the degree of plasma ex- 
pansion relates to infant birth weight. Red blood cell 
mass likewise expands during pregnancy by about 250 
mi to 500 ml. This factor, together with fetal growth, 
places a heavy demand on iron stores, produces a state 
of negative iron balance, and increases the risk of iron 
depletion and anemia.' 

Iron depletion may be absolute (i.e., absent iron 
stores) or relative, a condition in which reserves are 
sufficient but are ineffectively used because of in- 
creased demands or inflammation. In either case, the 
ability to expand or maintain red blood cell mass is com- 
promised. Whereas serum ferritin measurement is the 
gold standard for absolute iron depletion, it does not 
necessarily identify those with dysfunctional erythro- 
poiesis as a resul: of excessive or ineffective use of iron.’ 

The red blood cell zinc protoporphyrin test is a func- 
tional measure of iron use that detects both absolute 
and relative iron depletion.’ In our study, red blood 
cell zinc protoporphyrin measurements predicted a 
state of declining red blood cell mass and anemia in 
third trimester more reliably than did ferritin, presum- 
ably because of its sensitivity for the detection of iron 
depletion erythropoiesis. By the third trimester, most 
women with elevated red blood cell zinc protopor- 
phyrin values showed hemoglobin values below phys- 
iologic anemia levels. If the differences we observed in 
hemoglobin concentrations were primarily caused by 
disparate plasma volumes and infant birth weights, 
rather than by iron depletion erythropoiesis, then the 
significant correlations we observed between hemoglo- 
bin and red blood cell zinc protoporphyrin should also 
relate to plasma volume differences. However, I am 
unaware of data that support this supposition, nor 
would this hypothesis be plausible on the basis of what 
is known about the cause of elevated red blood cell zinc 
protoporphyrin concentrations. 

Ron B. Schi{fman, MD 
Associate Professor, Pathology 
University of Arizona College of Medicine 
1501 N. Campbell 
Tucson, AZ 85724 
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Does terbutaline cause uterine atony and 
increase intraoperative blood loss? __ 


To the Editors: 

I read with interest the study of Patriarco et al. (A 
study on intrauterine fetal resuscitation with terbuta- 
line. AM J OBSTET GYNECOL 1987;157:384-7). My ex- 
perience with this therapeutic modality would support 
its usefulness. However, when terbutaline precedes ce- 
sarean section within a short period of time (S15 min- 
utes) I have, on occasion, encountered troublesome 
uterine atony with a resultant increase in intraoperative 
blood loss. I have not studied this problem scientifically. 
Do the authors have any data to suport or refute this 
clinical impression? 

Mark S. Brown, MD 
Central Ohio Medical Group 
497 E. Town St. 
Columbus, OH 43215 


Reply 
To the Editors: 

Dr. Brown had mentioned in his letter to the Editors 
that occasionally after he gave terbutaline for fetal re- 
suscitation, he had encountered uterine atony with an 
increase in intraoperative blood loss. We, too, have oc- 
casionally encountered uterine atony after terbutaline 
injection; however, this seems to respond most readily 
to intravenous oxytocin (Pitocin, Parke Davis). My per- 
sonal experience is that this additional blood loss is 
minimal. I have no way to quantitate this blood loss, 
but it does not appear to be substantially increased. I 
wonder whether some of this uterine atony may be 


ally the case with fetal distress. 
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secondary to the general anesthetics that occasionally 
are used for emergency cesarean sections, which is usu- 


Michael S. Patriarco, DO 

College Heights Obstetrical and Gynecologic Professional 
Corporation 

3131 College Heights Blvd. 

Allentown, PA 18104 


Oxytocin may explain neonatal seizures 


To the Editors: 

As I have tried to point out before,’ there is an ap- 
parent association between the use of oxytocin in labor 
and neonatal seizures. This perhaps relates both to the 
changes in newborn sodium levels as well as to the 
increased incidence of stronger uterine contractions 
with oxytocin than with natural labor. With regard to 
the article by Spellacy et al. (Neonatal seizures after 
cesarean delivery: Higher risk with labor. AM ] OBSTET 
GYNECOL 1987;157:377-9), I presume that the women 
delivered before labor by cesarean section did not re- 
ceive oxytocin, whereas a high percentage of women 
delivered by cesarean section after trial of labor did 
receive oxytocin. Perhaps the authors have considered 
this factor in their analysis. If not, I believe oxytocin 
might be the explanation for the higher incidence of 
seizures in the laboring group. 

Robert C. Goodlin, MD 
Professor 
Obstetrics and Gynecology 


_ University of Colorado Health Sciences Center 


4200 E. Ninth Ave. 
Denver, CO 80262 
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Stanford, California, USA 
OTTO KASER, M.D., 
Professor, Department of Obstetrics & Gyne 
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CONGRESS PROGRAM 


ternational Faculty of Distinguished Spe- 
st, together with renowned specialist from 
ighout China, will present the current status 
2clinical practice of Obstetrics and Gyne- 
gy, Neonatology and Maternal-Fetal 
icine as it is practiced around the world. 


five-day congress will be presented in- 


ires during the plenary sessions, specialty 
dosiums, workshops and product exhibi- 
; and demonstrations. There’ will be daily 
heon panels with discussions and audi- 
: participation by questions and answers. 
congress special attractions will be indus- 
echnical exhibits, special seminars ‘on: 
| Monitoring and Resuscitation, Surfactant 
Lung Maturity, Laser Surgery, Laproscopy/ 
soscopy, Ultrasound/Mamography an 

‘ition. : 


ITINERGRY 
ay, September 22; 
‘delegates, participants and guest should 
ze in Shanghai by this date. 


arday and Sunday, September 23-24; © 


atseeing and touring of Shanghai. Sunday 
ning, welcome reception for all congress 
‘gates, participants and guests. 


aday through Friday, September 25-29; 


rnational Congress program. Friday eve- . 


3 farewell banquet. 


Saturday, September 30; 


Departures for foreign destinations or optional 
post-congress tours of Xi'an and Beijing. 
Optional two-day Hong Kong stop-over fol- 
lowing departure from China. 


CONGRESS FEES 


Registration: 


US $600.00 Received After August 1, 1989 


Registration Fee includes: Congress Informa- 
tion Kit and Portfolio, Welcome Reception, 
Congress Opening Ceremonies, Admission to 
all Scientific Sessions, Symposiums and Work- 
shops, Technical Exhibits and Daily Luncheon 
Panels, Transportation between hotel and 
congress meetings (daily), Closing Ceremonies 


‘and Farewell Banquet, Certificate of Atten- 


dance and 40 hours category 1 CME credits. 


HOSPITALITY PROGRAM 
FOR SPOUSES 


U.S. $125.00 A daily program of entertaining 
and cultural events have been arranged for 
spouses and guests. The daily program will 
begin at 9:00 AM and end at 3:00 PM. Fee 
include transportation, professional guide, 


admission to all events and Lunchéons. Pro-' 


gram is Monday through Friday. 
SHANGHAI LAND COST 


U.S. $863.00 Based on two persons sharing 
the same hotel room September 24 through 


29, 1989. Shanghai Land Cost Includes: Trans- 


- U.S. $600.00 


fers from airport to hotel and return by mo- 
torcoach, porterage in-and-out of hotel, deluxe 


room accomodations for six nights, full break- 


fast and dinner in hotel each day, all tips and 
gratuities. 


INTERNATIONAL AIRFARE 


` Special roundtrip airfares from the West Coast 
US $500.00 Received Before August 1,1989 ` 


to Shanghai have been arranged for this con- 
gress. For reservations and details contact the 
Congress Secretariat. 


Optional Pre & Post Congress Events: 


Pre-Congress Sightseeing of Shanghai: 

US $90.00. Two full days of sightseeing and 
shopping in Shanghai, Saturday and Sunday, 
September 23-24. Includes; professional guides, 
all admissions to events, lunch, buses 
and gratuities. 


Post-Congress Tour of Two Cities in China: 


Professional Guided tours 
Specially arranged for the delegates, partici- 
pants, and guests of the International Congress. 
Visit. Xi'an and Beijing. Depart Shanghai on 
Saturday, September 30 for Xi'an. Visit Xi'an, 
Saturday - Monday, visit Beijing Monday - 
Thursday. Depart Beijing for international des- 
tinations or .Hong. Kong stop-over, Friday, 


- October 6. 
` U.S. $260.00- Hong Kong stop-over following 


international Congress: Two nites deluxe hotel 
accommodations, daily breakfast, transfers and 
porterage. Optional sightseeing and touring 
of Hong Kong and nearby Islands and New 
Territories. . 
47A 


“Wo to 


pA L ASAS ee ee 
PESSTTITNLORHEN et 
LEALL ONET GYN i 


G ENEI RAT SPI at | AT SE 


The Knoxville Unit of The University of Tennessee 
College of Medicine is currently accepting 
applications for a General Specialist in the 
Department of Obstetrics and Gynecology at The 
University of Tennessee Medical Center at 
Knoxville. 

This position requires board certification or eligibility 
in Obstetrics and Gynecology. Responsibilities 
include: resident and medical student education; 
participation in Regionalizatión Program; and 
clinical or basic reseárch. 


Specialized areas of interest such as benign GYN 
surgery and/or reproductive immunology are 
encouraged. 


Academic rank is commensurate with both 


qualifications and experience. 
Interested persons should sent curriculum vitae: 
Michael R. Caudle, M.D. 


Associate Professor and Chairman 
Department of Obstetrics and Gynecology ` 


U THE UNIVERSITY OF TENNESSEE 


Medical Center at Knoxville 
1924 ALCOA ares 


KNOXVILLE, TENNESSEE 37920 
EEO/An Affirmative Action/Title IX/Section 504 Efmployer 





FACULTY POSITION 
CHAIRMAN. 
WEST VIRGINIA UNIVERSITY 
SCHOOL OF MEDICINE 


West Virginia University School of Medicine is 
seeking a CHAIRMAN, DEPARTMENT OF OB- 
STETRICS AND GYNECOLOGY at Charleston 
Area Medical Center—the 1000 bed clinical cam- 
pus of WVU Health Sciences Center. This person 
will also be Associate Chairman, Department of 
OB/GYN, WVU School of Medicine. CAMC has a 
newly opened ultramodern Women and Children’s 
Hospital. CAMC has full resident programs and 
one third of the WVU medical students in perma- 


nent residence for their clinical years at the . 


Charleston Division. Applicants should be ac- 
complished clinicians interested in an academic 
setting emphasizing teaching and be eligible fora 
rank of Professor or Associate Professor. Please 
send CV and letter to Shawn Chillag, M.D., As- 
sociate Professor and Chairman, Department of 
Medicine/CAMC, 3110 MacCorkle Avenue, S.E., 
Charleston, WV 25304. Closing deadline October 
30, 1989. WVU is an affirmative action equal oppor- 
tunity employer. 



















FELLOWSHIP 


MATERNAL & . 
FETAL MEDICINE 


The University of Medicine and Dentistry of New 
Jersey announces a Fellowship available in Maternal 
& Fetal Medicine beginning July 1, 1990. This is a 
2-year, accredited, academically-oriented Fellowship 
at the UMDNJ-New Jersey Medical School with 
broad clinical experience at the UMDNJ-University 
Hospital. Clinical and research training are 
- emphasized. Please send curriculum vitae to: 
Joseph J. Apuzzio, M.D., Director, 
‘Maternal and Fetal Medicine, UMDNJ- 
New Jersey Medical School, (AJOB), 185 
South Orange Avenue, Newark, NJ 
` 07103-2757. 


~ The UMDNJ is an Affirmative Action/ 
Equal Employment Opportunity Employer M/F/H/V. 


Obstetrics and Gynecology 
Maternal/Fetal Medicine Specialist 


The Westem Pennsyivania Hospital is seeking a 
second BC/BE specialist in Maternal/Fetal Medi- 
cine to join a rapidly growing division of Maternal/ 
Fetal Medicine in a 550 bed tertiary care center. 
This is a unique opportunity in that major teaching, 
clinical and research opportunities are available in 
this university affiliated center. A fully accredited 
independent Ob/Gyn Residency training program 
is in place. This is a level Ill tertiary care center 
with a 30 bed neonatal intensive care unit. The 
_ Maternal/Fetal Medicine service accepts high risk 
‚maternal transports from throughout the tri-state 
area. A full range of genetic services are also per- 
formed at the institution, including chorionic villi 
sampling, amniocentesis, and genetic counseling. 
A research building is currently being built, and 
. opportunities are available for both basic and clin- 
ical research. This position offers a state of the art 
practice opportunity, an attractive compensation 
package, and the chance for one to be creative. 
Send your CV to: 
Mark Caine, M.D. 

Director, Maternal/Fetal Medicine 
Department of Obstetrics and Gynecology 
West Penn Hospital 
4800 Friendship Avenue 
Pittsburgh, PA 15224 


DIRECTOR OF MATERNAL AND FETAL 
MEDICINE 


University of Illinois 
College of Medicine at Chicago 
and 
Michael Reese Hospital and Medical Center 


The University of Illinois College of Medicine 
at Chicago, and Michael Reese Hospital and Med- 
ical Center invite applications and nominations for 
the position of Director of Maternal and Fetal 
Medicine in the Department of Obstetrics and 
Gynecology. Academic rank dependent upon qual- 
ifications. The Director will lead the Obstetric pro- 
gram of two of Chicago's most important medical 
institutions, both with a long history of academic 
excellence and outstanding patient care. 

Candidates should be certified in Maternal/ 
Fetal Medicine, have substantial scholarly produc- 
tivity in the field, and have ability to provide dynamic 
leadership in administering a comprehensive pro- 
gram of patient care, education, and research in 
Obstetrics. 

Interested individuals should send a cur- 
riculum vitae to: Antonio Scommegna, M.D., Pro- 
fessor and Head, Department of Obstetrics and 
Gynecology, University of Illinois College of 
Medicine at Chicago, 840 South Wood Street, 
Chicago, IL 60612. The University of Illinois at 
Chicago is an affirmative action/equal opportunity 
employer. 








UNIVERSITY OF MIAMI SCHOOL OF 
MEDICINE 
DEPARTMENT OF OBSTETRICS & 
GYNECOLOGY 


ASSISTANT PROFESSOR OF 
CLINICAL OBSTETRICS & 
GYNECOLOGY 


Opportunity available for M.D. who is board 
certified or board eligible in Maternal Fetal 
Medicine. Special interest in infectious dis- 
ease is desirable but not required. 


Applicant must be licensed in State of Florida, 
and have sufficient clinical experience to qual- 
ify for a full time faculty appointment. 


Salary will be commensurate with training and 
experience. Compensation includes excellent 
fringe benefit and financial incentive plan. 


Apply to: Mary J. O'Sullivan, M.D. 
Professor 
Obstetrics and Gynecology R-136 
University of Miami 
P.O. Box 016960 
Miami, Florida 33101 


AN EQUAL OPPORTUNITY/AFFIRMATIVE 
ACTION EMPLOYER 








Request for Participation in 
Maternal Autoimmune 
Thrombocytopenia Study 


We have plans for a treatment study of 
Maternal Autoimmune Thrombocytope- 
nia. Intravenous Gamma Globulin will be 
given at 32 + 37 weeks of pregnancy. 
This will be compared to a similar group 
receiving no gamma globulin. This study 
will be done on a randomized basis. His- 
tory of well documented autoimmune 
thrombocytopenia prior to present preg- 
nancy will be required for patient entry. 
Other therapy (steroids, C-section, treat- 
ment of infant) will be at local option. We 
are looking for 10+ centers to participate 
in such a study. Each center should be 
able to enroll 5 patients or more for 1 
year. If interested in receiving protocol 
and specifics, please write Dr. William 
Krivit, Professor of Pediatrics, University 
of Minnesota Department of Pediatrics, 
1252 Ingerson Road, St. Paul, MN 55112. 





PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder’s board 
covered in a rich simulated leather, each is designed to 
hold an entire year's issues, The Journal name is 
stamped In gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A.). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Club, call toll free: 
1-800-972-5858. 


Please send mew library cases for 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; 6 for $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A,). 


Name 


Address 
i (no PO. boxes, please) Jesse Jones Industries 
City/State/Zip 499 Cast Erie Avenue 


Philadelphia, PA 19134 
PA residents add 6% sales tax Daos Code: Mosby 





(please print legbty or type) 








UNIVERSITY OF CINCINNATI 
COLLEGE OF MEDICINE 


The Department of Obstetrics and Gynecology at the 
University of Cincinnati College of Medicine offers 
academic opportunities for faculty in General Obstetrics 
and Gynecology, Maternal/Fetal Medicine, Oncology 
and Reproductive Endocrinology and Infertility. All 
positions offer candidates the opportunity to teach, main- 
tain clinical skills and perform basic and clinical research 
at a major tertiary care, regional referral teaching hospital. 
All divisions within the department have experienced fac- 
ulty and continue to develop. 


Applicants must be board certified or candidates for 
examination, have teaching experience, have a strong 
background in clinical care and be eligible for an Ohio 
license. Candidates will be active participants in all de- 
partmental and divisional teaching conferences, semi- 
nars and lectures. 


Academic rank is commensurate with the candidate's 
qualifications and experience. Compensation includes an 
excellent fringe benefit package as well as competitive 
salary. Positions will remain open until filled. 


Interested candidates should direct their curriculum vitae 
to: f 


Robert W. Rebar, M.D. 

Professor and Chairman 

Department of Obstetrics and Gynecology 
University of Cincinnati College of Medicine 
Cincinnati, Ohio 45267-0526 


An equal opportunity/affirmative action employer 





ACADEMIC FACULTY POSITION: 
University of Florida College of 
Medicine, Jacksonville Division, an- 
nounces the availability of faculty po- 
sitions in the Department of Obstet- 
rics/Gynecology. Board eligible or cer- 
tified in Maternal-Fetal Medicine or 
Gynecologic Oncology. The positions 
involve high risk obstetrical practice 
or oncology, consultative responsibil- 
ity and administrative duties. Aca- 
demic rank Asst Prof/Assoc Prof/Pro- 
fessor dependent upon experience. 
Salary negotiable. Application dead- 
line of 07/31/89, anticipated start date 
08/31/89. Interested applicants are in- 
vited to submit a CV plus names/ad- 
dresses of 3 references to: Chairman, 
Search .Committee, Department of 
Ob/Gyn, University Hospital, 655 
W. 8th Street, Jacksonville, FL 32209. 


AFFIRMATIVE ACTION/EQUAL 
OPPORTUNITY EMPLOYER 














OBSTETRICIAN-GYNECOLOGIST 


Opening for qualified Obstetrician/Gynecologist in 
the Department of Ob/Gyn in a newly established 
affiliate clinic of a large multispecialty group in 
western Kentucky. 7 


Competitive salary and attractive benefit package 
including malpractice insurance. Partnership eligi- 


` bility in two years and no buy-in is required. 


Opportunity to practice state-of-the-art medicine in 
a semi-rural setting. Large lakes nearby which offer 
recreational opportunities—metropolitan areas 
easily accessible. Community is family oriented 
with relaxed lifestyle not available in large cities. 
Interested parties send curriculum vitae to: 

Medical Director 

TROVER CLINIC 

Madisonville, Kentucky 42431 

Phone: 502-825-7470 














UCLA-INTERCAMPUS MEDICAL 
GENETICS TRAINING PROGRAM 


The UCLA Inter-campus post-doctoral re- 
search training program in Medical Gene- 
tics utilizes the research and clinical re- 
sources of its affiliated campuses and 
teaching hospitals. This program is open 
to academically oriented applicants with 
the M.D., Ph.D., D.D.S. or equivalent de- 
grees. A wide variety of research training 
opportunities in molecular, biochemical, 
immuno-, cancer, cyto-, somatic cell, 
population and clinical genetics are avail- 
able. The program aiso meets ail the re- 
quirements: of the American Board of 
Medical Genetics. Clinical genetics fel- 
lowships are available at each of the af- 
fillated hospitals. Application forms are 
available from David Rimoin, M.D., Ph.D., 
Department of Pediatrics, Cedars-Sinai 
Medical Center, 8700 Beverly Bivd., Los 


Angeles, CA 90048. 








OBSTETRICIAN-GYNECOLOGIST: BC/BE 
physician wanted full time or part time for 
satellite medical office practice in Gilroy, 
California, as part of The Permanente Medical 
Group, Inc., of San Jose, California. Excellent 
general Ob/Gyn outpatient skills required plus 
willingness to work with experienced Family 
Practice Physicians and Ob/Gyn nurse prac- 
titioners. Hospital call optional. Gilroy is lo- 
cated twenty minutes south of San Jose and 
shares excellent access to the Bay Area re- 
creational activities. Salary is competitive and 
benefits include full coverage malpractice in- 
surance. 

Contact: 

Jerome L. Nehemiah, M.D. 

Chief 

Department of OB/GYN 

The Permanente Medical Group, Inc. 

260 International Circle 

San Jose, CA 95119 


Or call: 408-972-6210 or 408-972-6113 





3RD YEAR RESIDENCY POSITION 
OBSTETRICS/GYNECOLOGY 
Providence Hospital 
Southfield, Michigan 


Providence is a 462 bed private teach- 
ing hospital located in Southfield, pop. 
80,000, in Southeastern Michigan. 
New LD, perinatology, and neonatal 
facilities. Approximately. 4,500 de- 
liveries annually. 


Program is fully accredited, offers 16 
positions with 4 chiefs, and is affiliated 
with Wayne State University School 
of Medicine. 

Position available July 1, 1989. 

For further information, contact: 
Department of Medical Education 
Providence Hospital 
16001 West Nine Mile Road 
Southfield, Michigan 48075 
(313) 424-3216 © 











PERINATOLOGIST 
Denver, Colorado 


Rose Medical Center, Denver, Colorado is seeking 
a second BE/BC perinatologist to work full-time in 
a 400-bed private community hospital adjacent to 
the University of Colorado Health Sciences Center. 
With 3,600 deliveries per year, and 27 University 
Residents rotating through the department annu- 
ally, Rose is the major private teaching affiliate of 
the University. 

Responsibilities include private consultation, phy- 
sician, resident, and nursing education, clinical re- 
search, and a limited private practice in perinatol- 
ogy. This individual can expect frequent interaction 
with the Maternal/Fetal Medicine Division at the 
University of Colorado, and will be eligible for an 
appropriate clinical appointment at the University. 
All clinical responsibilities will be shared with the 
current full-time perinatologist at Rose. 

A competitive salary guarantee is being offered, 
with excellent fringe benefits including malpractice 


- insurance. 


Qualified applicants, including individuals complet- 
ing fellowship in June, 1989, should forward CV's to: 


Robert E. Wall, M.D., Chairman 
Department of Obstetrics & Gynecology 
Rose Medical Center 
4567 East Ninth Avenue 
Denver, Colorado 80220 


Telephone: (303) 320-2077 


MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level II] Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 
include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 
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Maternal-Fetal 


Medicine 


The Department of Obstetrics and Gynecology at the 
University of Tennessee Medical Center at Knoxville, 
Tennessee is currently accepting applications for an 
additional Maternal-Fetal Medicine Specialist. 


This position requires Board certification or eligibility in 
Maternal-Fetal Medicine. Responsibilities include 
resident and medical student education, participation in 
Regionalization Program and clinical or basic research. 
Specialized areas of interest such as critical care, 


ultrasonography.and Doppler studies, and prenatal- ` 


diagnosis are encouraged. A private ‘practice 
opportunity is available. H 


Academic rank is commensurate with qualifications and 


experience. 


Interested persons should send curriculum vitae to: 
Michael R. Caudle, M.D. . 
Associate Professor and Gynecology 
Department of Obstetrics and Gynecology 
For more information call (615) 544-9306 


THE UNIVERSITY OF TENNESSEE 


Medical Center at Knoxville 
1924 ALCOA HIGHWAY 5 


KNOXVILLE, TENNESSEE 37920 
EEO/An Affirmative Actior/Title IX/Section 504 Employer . 





CHIEF OF MATERNAL FETAL 
MEDICINE ’ 
UNIVERSITY OF TEXAS MEDICAL 
BRANCH AT GALVESTON 


Faculty position in the Division of Mater- 
nal-Fetal Medicine in the Department oj 
Obstetrics and Gynecology at the University 
of Texas Medica! Branch at Galveston. A 
highly qualified individual is sought to become 
the Chief of the Maternal. Fetal Medicine Divi- 
sion. Successful candidates should be board 
certified or eligible in maternal fetal medicine. 
They should have a proven record of research 
and commitment to an academic career. Aca- 


demic rank is commensurate with qualifica- 


tion and experience. Interested candidates 
please send curriculum vitae to Garland D. 
Anderson, M.D.. Professor and Chairman, 
Department of Obstetrics and Gynecology, 
University of Texas Medical Branch at Gal- 
veston, Galveston, Texas 77550. 


UTMB is an equal opportunity M/F/H/V Affir- 


mative Action employer. UTMB hires only in- _ 


dividuals authorized to work in the United 
States. 











`- Or you may call us collect at (216) 623-8780. 














Join a Leader 
We’re The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ein Ohio. CPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 


Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 
The rewards of practice with us are substantial—excel- 
lent salary end benefit packages, company-paid retire- 
ment plan, full malpractice coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 

Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 

Please senc your resume to: Ronald G. Potts, M.D., 
Medical Director, Ohio Permanente Medical Group, Inc., 
1300 E. 9th Street, Suite 1100, Cleveland, OH 44174. 








PERINATAL GENETICIST 


‘The Department of Obstetrics and 


Gynecology at Pennsylvania Hospital 
is seeking an obstetrician with genetic 
fellowship training to join an active 
perinatal genetics program. 

Skills in second trimester amniocen- 
tesis, chorionic villus sampling, and 
Level Il ultrasound are desired. 


Responsibilities include resident and 


medical student education and active 


clinical practice with a University Ap- 
pointment at the level of Assistant Pro- 
fessor. 


Please send resumes to: 


Ronald J. Bolognese, M.D. 
Department of Obstetrics 
and Gynecology 
Pennsylvania Hospital 
8th & Spruce Streets 
Philadelphia, PA 19107 


OBSTETRICIAN 
GYNECOLOGIST 


Expanding Western Massachusetts staff model 
Health Maintenance Organization is seeking a full- 
time Board Certified/Board Eligible Obstetrician/ 
Gynecologist to join a staff of eight (8) physicians and 
six (6) midwives. 














Our multi-specialty group practice employs seventy 
(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 
ban facilities, in-patient care is provided at 900-bed 
Tufts affiliated teaching hospital. 


Attractive Pioneer Valley location with fine educa- 
tional, cultural and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
gram. Please send curriculum vitae to: 
Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- 
tennial Highway, Springfield, MA 01118. 


a : 
== Medical West 
Ler Community Health Plan 
WAY) A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 





HAVE YOUR MEDICAL 
SCHOOL LOANS REPAID 


Practice obstetrics in a rural medica! 
center. Receive attractive compensation 
package, PLUS have your medical schoo! 
loans repaid! Modern, fully-equipped 
facilities offering full spectrum of obstetri- 
cal services regardless of ability to pay. - 
Federal or state funding with full-time ad- 
ministrator and local governing board. 


Call Joe Robbins or Judi Ashbaugh col- 
lect to discuss opportunities, the advan- 
tages of living in North Carolina, and our 
_ sensitive placement services. If your pro- 
fessional and personal needs match 
those of the communities, the State will 
subsidize your interview expenses. 


. (919) 733-2040 
NORTH CAROLINA STATE 
OFFICE OF HEALTH RESOURCES 
DEVELOPMENT 











OBSTETRICIAN | 


GYNECOLOGIST 
KAISER PERMANENTE 


Kaiser Permanente’s Kansas City Re- 
gion is experiencing continuous mem- 
bership growth and is seeking an ad- 
ditional BC/BE OB-GYN Physician. 
Our six medical offices are strategi- 
cally located throughout the city, and 
two area hospitals are utilized. Kaiser 
Permanente is a nation-wide health 
care program that has enjoyed suc- 
cess since its inception in 1942. We 
offer excellent salary and benefits, 
fully-paid malpractice insurance, and 
are academically affiliated. Send CV 
or contact Larry McDonald, M.D., 
6900 Squibb Road, Suite 201, Shaw- 
nee Mission, Kansas 66202. (913) 
384-9090. 





























AA Michael Reese Health Plan 


dyavava 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in’ 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


_ Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full 


practice with modern facilities and equipment 
as well as opportunities for teaching. 










A highly-competitive salary and excellent ben- 
efits complement a rewarding practice and 
lifestyle. 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 


an equal opportunity employer mif/h 


Perinatologist 


‘The Department of Obstetrics ahd Gynecology of ` 


Long Island Jewish Medical Center is recruiting a 
_ third Perinatologist to join the Division of Maternal/ 
Fetal Medicine. The Medical Center is an 825-bed 
institution with approximately 4,000 deliveries each 


` year, 40% of which are "High Risk.” An established - 
antepartum testing unit operated by the Division ` 


offers sophisticated ultrasonographic facilities and 
doppler technologies for fetal blood flow assess- 


ment, Our rieonatál ICU is one of the largest and | - 


most advanced in the entire metropolitan area. 


Responsibilities include silent and resident teach 


_ing, prenatal diagnosis, perinatal consultation anda 
strong interest in research. ; 


Excellent benefit ackage inelides compertive salary, 


- pension plan and ample time for research and scien- 

', tific meetings. Contact: Dr. Adiel Fleischer, Dept. 
Ob/Gyn, (718) 470-7660. LI[MC, 270-05-76th 
Avenue, Room 1 100, New’ Hyde.. Park, NY 
1 1042. .° 


Long Island Jewish Medical Center - 


Long ian Campus forthe Albert Einstein’ College « of Medicine wa 


> Equal Opportunity Employee 





Obstetrics/ 
Gynecology 


. WISCONSIN: . Marshfield Clinic, a multi-specialt 


group practice with, 300 physicians, is seeking BE/B 
obstetrician /gynecologists to join expanding regional 
` centers. Positions available in three locations: Two in 
northwestern Wisconsin within 90 miles of Minneapolis 
: and one, a group practice of 25 physicians, in north 
“central Wisconsin, about 1 1/2 hours from Lake Supe- 
„rior. Communities offer exceptional recreational, cul- 
` tural, and educational opportunities, An emphasis on 
‘quality practice and life-style is combined with a total 
_ compensation package on reaching membership in 
“excess of $200,000. Starting salary negotiable. No 
` start- tup enpenga: Send C.V., and references te: 


David L. Draves 
- Director Regional Development 


1000 North Oak Avenue 
Marshfield, WI 54449 


or call collect at (715) 387-5376 


| MarshfieldCiric 





- OB/ GYN 


46- -physician ` multi- peaa e group | 


located 40 miles north of Sacramento 
seeks a physician to join our OB/GYN 
Department. Excellent compensa- 
tion package the first year. Partner- 
our opportuniy thereafter. Contact: 


Warren J: ‘Boyer, Jr, M. D. 
Marysville Medical Group. 
800 Third Street 


Marysville, CA 95901 -~ 


MARYSVILLE - 
MEDICAL ` 
GROUP 








OBSTETRICS AND. 
~ GYNECOLOGY 
WISCONSIN 


We are looking for a Board Certified/ 
Board Eligible obstetrician/gynecolo- 
gist to join a 7 physician OB/GYN De- 
partment in a large multi-specialty 


group -practice located near Mil- .- 


„ waukee, Wisconsin, to share cover- 
age at two clinic locations and two 
hospitals. Competitive ey and 
fringe benefits. 


: Forward inquiries and CV to: 


Administrator 
PO. Box 427 
Menomonee FRIS, Wi 53051 











PHYSICIANS 
Department of OB/GYN 


We are currently seeking several full- 
time board certified/eligible OB/GYN 
Physicians. Academic appointment to 
the faculty of Columbia University is 
anticipated at either the level of In- 
structor or Asst. Clinical Professor, con- 
tingent upon experience and creden- 
tials. Candidates may apply ta: Sterling 
B. Williams, MD, Director, Dept. of OB/ 
GYN, Harlem Hospital Center, 506 
Lenox Avenue, New York, NY 10037. - 
We take affirmative action to ensure 
equal opportunity. 











SPECIAL DELIVERIES. 


SPECIAL CHALLENGES. . 


The Southern California Permanente Medical Group invites 
you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call or write to: William 
G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829-5365. 


Equal Opportunity Employer M/F/H 
WG 


n'a 


KAISER PERMANENTE 
Good People. Good Medicine, 








Be in on the delivery 
of the solution to 
OB staffing. 


LOCUM TENENS, INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


+ 3 to 9 month guaranteed contracts 
* competitive daily rate 
* licensing and coordination 
» knowledgeable administrative support 
* round trip airfare 
+ on-site housing and transportation 
* permanent practice 
opportunities 


Call 1-800-544-1987 
or write to: 

Locum, Tenens, Inc. 
400 Perimenter 
Center Terrace 

Suite 760 OGLT9 
Atlanta, Georgia 30346 


LOCUM 
TENENS, INC. 
A Division of 
Jackson and Coker 





DIRECTOR OF 
PERINATOLOGY SERVICES 


The Irvine Medical Center, located in 
Irvine, California, is seeking a full- 
time, Board Certified Perinatologist to 
oversee the perinatology services of 
a 177-bed hospital with a-current Med- 
ical Staff of 600 physicians. The Irvine 
Medical Center is currently under con- 
struction and is the only hospital in 
Irvine, a rapidly growing, well estab- 
lished community located in. Orange 
County. The Perinatology Director will 
have the opportunity to develop the 
perinatology services for the Medical 
Center complex. 


Please send CV to: Perinatology 
Search Committee, Irvine Medical 
Center, 4605 Barranca Parkway, 
Suite 200, Irvine, CA 92714. 








BC/BE OBSTETRICIAN/GYNE- 
COLOGISTS to join an expand- 


ing and progressive 200 member | 


multispecialty clinic with a mul- 
tisatellite referral system encom- 


passing a service population of | 
250,000. Clinic and adjoining: 
210 bed hospital contains all as- - 


pects of Ob/Gyn office and hos- 


pital care including a Level Ill 


nursery, laser surgery, and a 
superb GIFT and infertility pro- 
gram. All practice costs paid. Tri- 
College community located 40 
miles from beautiful Minnesota 


lake district. Please send CV to:. 


_ John L. Weir 
Associate Administrator - 
Dakota Clinic, Ltd. ` 
P. O. Box 6001 

Fargo, ND 58108 














REPRODUCTIVE 


ENDOCRINOLOGIST | 


Fargo Clinic—MeritCare is seeking a BE/BC 
Reproductive Endocrinologist to join our staff 
of seven Obstetrician-Gynecologists in the 
Department of .Ob-Gyn. Fargo Clinic is a 240 
physician multi-specialty group practice lo- 
cated next to St. Luke's Hospital. St. Luke’s 
is a 400 + bed level Ill hospital with a desig- 
nated Children’s Hospital. The department of 
Ob/Gyn is active in donor and husband in- 
semination. Excellent opportunity exists to 
develop Invitro and GIFT Program. 
Fargo-Moorhead is a tri-college community of 
130,000. The sister cities and surrounding 
area offer a wide range of cultural and recre- 
ational activities. 

Guaranteed first year salary with attractive 
long term compensatory arrangements. 
Reply to Robert C. Montgomery, M.D., 737 
Broadway, Fargo, ND 58102 or call 1-800- 
437-4010 ext. 2151. 


Sra rae EN Clinic 


MeritCare 














Life. 


Its our lifes work. | 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that — 
promotes the ideals of private practice while freeing doc- 


- tors from the financial baggage of the private practitioner. 


Group Health Plan isn't for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with Tim Walton at (314) 


993-5955, Or write Group Health Plan, 11475 Olde Cabin 


Road, St. Louis, Mo. 63141. An equal opportunity employer. 






GROUP MEALTH PLAN 





-OBSTETRICS/_ 
GYNECOLOGY 


This 175 physician, multi-specialty group 
seeks an Obstetrician and Gynecologist 
desiring 1989 employment opportunities. 
The group is hospital based in Northeast- 
ern Pennsylvania at the New York border. 


- Our state-of-the-art facility offers medical 


school teaching affiliations as well as clin- 
ical research opportunities. Residency 
programs are conducted in Internal 


- Medicine and. General Surgery. Physi- 
- cians seeking challenging and rewarding 


practice opportunities, excellent salaries 
and benefits, combined with rural living 
and endless recreational opportunities 
are encouraged to submit a letter and cur- 


riculum vitae to: 


Guthrie Clinic 
- Sayre, PA 18840 
(717) 888-5858 
ATTN: G. V. Ippolito 
Assistant Vice President 
































BRONSON 


Management Services Corporation 
OBSTETRICIAN-GYNECOLOGIST 


Kalamazoo, Michigan 


Bronson Methodist Hospital is actively recruiting board 
eligible/board certified OB/GYNs for two group practices. 
Competitive salaries, malpractice insurance, and moving 
spens; are among the many benefits that these practices 
offer, 


Bronson Methodist Hospital, the Perinatal Center for 
southwestern Michigan, has a 500 member medical staff 
which includes 23 obstetrician/gynecologists, six neo- 
natologists and two perinatologists. An average of 3,200 
deliveries are performed every year. Bronson’s Level-3 . 
expertise and capability in perinatal and neonatal intensive 
care is regionally and nationally recognized. 


Kalamazoo, located midway between Chicago and-Detroit, 
offers diverse cultural opportunities. Lake Michigan’s 
sandy beaches and dunes are only minutes away and 
numerous lakes, hills, and forests provide boundless 
recreational activities.. Excellent schools, several colleges, 
and a major university further contribute to a high quality 
life style. 


For more information, in confidence and no cost or 
obligation, respond with curriculum vitae or call: 


Debra C. Hartman 
Bronson Management Services Corporation 
210 East Vine Street 
Kalamazoo, Michigan 49001 
(616) 344-6444 














Central Minnesota 
Group Health Plan 


OB/GYN 


Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physicians. New clinic facility 
in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 
ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact 
Physician Services, Central Minnesota Group 
Health Plan, 1245 15th Street North, 
St. Cloud, MN 56308. 612/253-5220. EOE. 








COLUMBIA UNIVERSITY a a 


The College of Physicians & Surgeons 














Sloane Hospital for Women 1888-1989 a division of The Presbyterian Hospital 





INFECTIOUS DISEASES IN OBSTETRICS & GYNECOLOGY: 





Conference Director: MARVIN H. TERRY GRODY, M.D. 


DAVID A. ESCHENBACH, M.D. 
RONALD S. GIBBS, M.D. 
MARVIN H. TERRY GRODY, M.D. 






infectious diseases in the general practice of ob/gyn. 





ANITA PARNES LaSALA, M.D. 
JOAN A. REGAN, M.D. 
RALPH M. RICHART, M.D, 


Contact: Center for Continuing Education, 630 West 168th Street, N.Y., N.Y. 10032; Telephone: (212) 305-3682. 


CURRENT CONCEPTS & NEW GOALS 
November 9 & 10, 1989 
Grand Hyatt, New York, New York 


15 Credit Hours, Category 1, A.M.A.’s Physician’s Recognition Award; and 
- 13 Cognates, Formal Learning, American College of Obstetricians & Gynecologists 


FEE: $540; Residents & Fellows in Training: $350. Tuition fee includes a syllabus, luncheons and refreshments. 
Conference Co-Director: ANYTA PARNES LaSALA, M.D. 


JOHN L. SEVER, M.D. 
RICHARD L. SWEET, M.D. 
STERLING B. WILLIAMS, M.D. 


Ofall the various problems we encounter in obstetrics and gynecology, the most ubiquitous and seemingly ever increasing, is infection. 
When we're almost convinced we are in control of a problem, resistant strains appear, or a new infectious agent is discovered. To help 
solve this dilemma, we are offering this comprehensive course in infectious diseases in ob/gyn. Experts in this new subspecialty have 
been assembled from across the nation to provide current diagnostic and therapeutic information. This is a practical course for the 
practitioner, and the goal is to send each participant home far better equipped than he or she ever was before to combat the myriad of 






Ek 203-384-9042 


” BRIDGEPORT HOSPITAL 
. Bridgeport. Connecticut l 


- ; DEPARTMENT OB-GYN. 


is seeking a full’ time. 


“DIRECTOR OF AMBULATORY | 


SERVICES 


‘Bridgeport ° Hospital, located on Long Island 
ore Cs Sotind: ‘50 miles from New York, is a 550 bed com-. 
“| “ munity hospital affiliated with Yale Uñiversity., ` 
> The hospital has accredited residency trainirig 
a ee “programs in Internal Medicine; -Primary Care; ` 
i aa ‘Surgery, Pediatrics, Radiology, and: Ob-Gyn.: os 
i. + The Ob-Gyn Dept. has 22 BC/BE’ attendings, |}. 
Pa including 4 full-time faculty, 2 P.A. s, ang 8 resi-- ` | 


dents. - 


l -liveriés and_:8000 clinic visits: annually. 


Primary responsibilities , of this, position include’ < 


- l ‘supervision and teaching of residents and students 
in.the ambulatory clinics. > : A 


l “For. further information contäct: 


isp, <= Philip M. LaMastra M.D. 
"t+ Chairman, Dept. Ob- -Gyn’, $ 
: Bridgeport Hospital : $ 
<. Bridgeport, C Connecticut 0661 0 


OPPORTUNITY V AVAILABLE Eoi 


„ DISPLAY. ADVERTISING _ 


` 1989. Rates Per Insertion ` 


“$ Atimerate ~~ $550.00" 
3time rate P $545. 00. 





“CLOSING DATE: 10th of in shih ih preceding B 


month ofi issue . 
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z, .. THE AMERICAN JOURNAL OF 
. . OBSTETRICS AND.GYNECOLOGY: 
Journal Advertising Department. 
The C.V. Mosby Company | 
_ 11830 Westline Industrial Drive. 
” St. Louis, MO 63146: > 
ae P82 8810. 





` Please call thé Journal Advertising: Department for’: 
‘advertising production charges 5 e. type fim from ` 
` camera ready art) Fa i ii 














Weare a Level it unit with’ approx. 3000 dê: > 


$765.00», en | 





ATRADITION: ‘OF PUBLISHING EXCELLENCE, Jo 


P ‘Signature t using MÉNISA) 

; É Name (print i 

‘AK. Address’ z E N 

ofl ‘rn State ____ ZIP : 
E Specialty : 

; a Mail to: ‘The CN. Mosby Company 


E Provides tHe latest health news on disease 
prevention, nutrition, exercise, mental health, 
aging, . child health, and other topics of interest. > 


ad Alerts your patients to warning signs and 
irs  -symptams requiring professional attention. 


~ æ Presents reliable, readable articles written . 
bya national network of doctors, nurses, -_ 
psychologists, and. ather health professionals. 
Paul M. Insel, Ph:D., of the Stanford 
University School Of: Medicine serves as 
Editor i in Chief. ` ` 


 HEALTHLINĖ i is timely, inviting, 
_ enlightening—and affordable! l 
. i Regular annual $ DER we! 
Pes “subeciintian rate: $19.00 us. . >° 

` ` $31.00 International 


ł 


a Mosby offers: a spacial rate on multiple- copy orders of 
».. HEALTHLINE for waiting room use or for individual 


handouts. (See chart.) Use the coupon on this page to 
place añ order or to request a sample issue. ; 


Or, in the U.S., call us tdll-free at‘1-800- 325-4177; ext. 351. 


Outside the U. S., ‘call 814) 872- 2-8370; ext. 351. 


Number e Price Per 
Subscriptions, i Subscription 
"10-25 . o $17.25 
26-50 ` ye $16.00 
,, 51-100. weer $15.25 
‘ 101-500 ` i $13.75 
<- 501-1000 0-7, ^ $12.35 
: ayer 1000", Contact Publisher 


~ il Mosby, 


*Louis ‘Chardon, MD, Redwood City, California 


; concerning the contents of HEALTHLINE. 


st a e m ae oe 1 a men a am ee eer nn on a ee 


Oo Start my individual subscription to HEALTHLINE 
| (12 issues for one year). 
` Annual rate: $19.00 U.S., $31.00 International 


. Om placing a multiple- cory order for HEALTHLINE, - 


No. of subscriptions:. 
Price per subscription: 


O Please send me a sample issue of HEALTHLINE. 





` Payment Method: Mi a 
pE Ej MasterCard - OVISA 0 Check Enclosed 0 Bill Me 
‘Card foes ine Exp. date. 











Journal Circulatisn Department 
» 11830 Westline Industrial Drive 


Just one of tne positive comments from physicians j 


of. “Good reading or doctor, ı nurse and patient”. 


foe HEALTHLINE is a monthly, 16-page publication - 
offering up-to- -date information on a.wide variety of- 
health i issues of concern tó your patients. 
_ Presented in an attractive two-color format, 
HEALTHLINE features a concise, easy-to-read - 
„style that’s ideal for`patieñt education. _ 
- HEALTHLINE makes excellent waiting room `. 
' literature. : 


` St. Louis, MO.63146, ~ HEA-013 
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ALREADY HE'S PICKING UP 
HER BAD HABITS. 


__ Maybe if his mother knew in advance that cocaine use during pregnancy 
could result in spontaneous abortion, premature delivery, retarded fetal growth, 
or birth defects, cocaine would never enter the picture. 


Make it your habit to warn her in time. 


Don’t allow him to pick up her bad habits. PARTNERSHIP FOR 


X Mag a 
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21- and 28-day regimens 


ORTHO-NOVUM 77 


ach white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
ontains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg nore- 
nindrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


MPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
invided with the product and therefore should not be used as the basis for prescribing the product. 
“ais summary was prepared by deleting from the complete prescribing information certain text, tables 
ind references. The physician should be thoroughly familiar with the complete prescribing information 
etore prescribing the product. 


NDICATIONS AND USAGE: PREVENTION OF PREGNANCY, 

‘ONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
oaditions: 1. Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombaphle- 
utis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
-areinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estragen-depen- 
jent neoplasia. 6. Undiagnosed abnormal genital bleeding, 7. Cholestatic jaundice of pregnancy or jaundice 
with prior pil! use. 8, Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongiy advised not to smoke. 








The use of orat contraceptives is associated with increased risks of several serious conditions including 
pyocardial infarction, thromboembolism, stroke, hepatic neoplasia. and gallbladder disease. although the 
‘isk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
sk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
ag hypertension, hyperlipidernias. obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
aref summary is principally based on studies carried out in patients who used oral contraceptives with 
ugher formulations of estrogens and progestogens than those in common use today. The effect of fong 
term use of the oral contraceptives with lower formulations of both estrogens and progestagens remains 
te be determined, Throughout this brief summary epidemiological studies reported are of two types: 
etrospective or case control studies and orospective or cohort studies Case control studies provide a 
neasure of the relative risk of a disease. namely a ratio of the incidence of a disease among oral contra- 
septive users to that among nonusers. The relative risk does not provide information on the actual clinical 
Jocurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
wde information about the actual occurrence of a disease in the population. For further information, the 
raader is referred to a text on epidemiological methods, 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
essociated with oral contraceptive use. This risk is primarily in smokers of women with other underlying 
risk factors for coronary artery disease such as hypertension, hyperchalesterotemia. morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
20 six. The risk is very low under the age cf 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 36 
years of age and alder among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, same progestogens are known to decrease HDL cholesterol and cause glucose intolerance. 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial vengus thrombosis. 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1 5 to 6 for 
women with predisposing conditions for venous thromboembolic disease Cohort studies have shown the 
relative nisk to be somewhat lower. about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears atter pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If teasible. oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earher than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes). although, in general, the risk ts greatest among older (>35 years). 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, tor both types of strokes. and smoking interacted to increase the risk of stroke. In a large study. 
the relative risk of thrombotic strokes has been shown to tange from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke 1s reported to be 12 for non- 
smokers who used oral contraceptives. 26 for smokers who did not use oral contraceptives, 76 for 
smokers who used ora! contraceptives. 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the nsk of vascular disease. A decline in serum high density 
hipoproteins (HDL) has been reported with many progestational agents, A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with goad principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of nsk of vascular disease for ever-users of oral contraceptives. in a 
study in the United States. the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke. mortality associated with ali methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast. endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports the overall evidence in the 
literature suggests that use of oral contraceptives is not associated with an increase in the risk of 
developing breast cancer, The Cancer and Steroid Hormone (CASH) study also showed no latent effect on 
the risk of breast cancer for at least a decade following long term use. Some studies have shown a slightly 
increased relative risk of developing breast cancer. Some studies suggest that oral contraceptive use has 
been associated with an merease in the risk of cervical intraepithelial neoplasia in some papulations of 
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women, However, there continues to be controversy about the extent to which such findings may be due to 
differences in sexual behavior and other factors. in spite of many studies of the relationship between oral 
contraceptive use and breast and cervical cancers, a cause and effect relationship has not been estab- 
lished. 4. HEPATIC NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, 
although the incidence of benign tumors is rare in the United States. Indirect calculations have estimated 
the attributable risk to be in the range of 3.3 cases/100,000 for users. a risk that increases after four or 
more years of use especially with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas 
may cause death through intra-abdominal hemorrhage. Studies from Britain have shown an increased nisk 
of developing hepatocellular carcinoma in long-term (>8 years) oral contraceptive users. However. these 
cancers are rare in the US. and the attributable risk (the excess incidence) of liver cancers in oral 
contraceptive users approaches less than one per million users. 5. OCULAR LESIONS. There have been 
clinical case reports of retinal thrombosis associated with the use of oral contraceptives. Oral contracep- 
tives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosis 
or diplopia. papilledema, or retinal vascular lesions. Appropriate diagnostic and therapeutic measures 
should be undertaken immediately, 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREG- 
NANCY: RISK OF BIRTH DEFECTS, Extensive epidemiological studies have revealed no increased risk of 
birth defects in women who have used oral contraceptives prior to pregnancy. The majority of recent 
studies also do not indicate a teratogenic effect, particularly in so far as cardiac anomalies and limb 
reduction defects are concerned, when taken inadvertently during early pregnancy. The admunstration of 
oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. Oral 
contraceptives should not be used during pregnancy to treat threatened or habitual abortion itis recom- 
mended that for any patient who has missed two consecutive periods pregnancy should be ruled out 
before continuing oral contraceptive use. if the patient has not adhered to the prescribed schedule, the 
possibility of pregnancy should be considered at the time of the first missed period. Oral contraceptive 
use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER DISEASE. Earlier studies have 
reported an increased lifetime relative risk of gallbladder surgery in users of oral contraceptives and 
estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder 
disease among oral contraceptive users may be minimal. The recent findings of minimal risk may be 
related to the use of oral contraceptive formulations containing lower hormonal doses of estrogens and 
progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contraceptives have been shown 
to cause a decrease in glucose tolerance in a significant percentage of users. This effect has been shawn 
to be directly related to estrogen dose. Progestogens increase insulin secretion and create insulin resist- 
ance, this effect varying with different progestational agents. However, in the non-diabetic woman, oral 
contraceptives appear to have no effect on fasting blood glucose Because of these demonstrated effects 
prediabetic and diabetic women in particular should be carefully monitored while taking oral contracep- 
tives. A small proportion of women will have persistent hypertriglyceridemia while on the pil. As dis- 
cussed earlier (see WARNINGS ta and 1d), changes in serum rae and lipoprotein levels have been 
reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An increase in blood pressure has 
been reported in women taking oral contraceptives, and this increase is more likely in older oral contra- 
ceptive users and with extended duration of use. Data from the Royal College of General Practitioners and 
subsequent randomized trials have shown that the incidence of hypertension increases with increasing 
progestational activity. Women with a history of hypertension or hypertension-related diseases. or renal 
disease, should be encouraged to use another method of contraception. If women elect to use oral 
contraceptives, they should be monitored closely and if significant elevation of blood pressure occurs, oral 
contraceptives should be discontinued. For most women, elevated blood pressure will return to normal 
after stopping oral contraceptives. and there is no difference in the occurrence of hypertension between 
former and never users. 10, HEADACHE. The onset or exacerbation of migraine or development of headache 
with a new pattern which is recurrent. persistent or severe requires discontinuation of oral contraceptives 
and evaluation of the cause. 11, BLEEDING IRREGULARITIES. Breakthrough bleeding and spotting are 
sometimes encountered in patients on orat contraceptives. especially during the first three months of use. 
Non-hormonal causes should be considered and adequate diagnostic measures taken to rule out matig- 
nancy or pregnancy in the event of breakthrough bleeding as in the case of any abnormal vaginat bleeding. 
If pathology has been excluded, time or a change to another formulation may solve the problem In the 
event of amenorrhea, pregnancy should be ruled out. Some women may encounter post-plil amenorrhea or 
oligomenorrhea. especially when such a condition was preexistent. 12. ECTOPIC PREGNANCY. Ectopic as 
well as intrauterine pregnancy may occur in contraceptive failures. PRECAUTIONS: 1. PHYSICAL EXAMI- 
NATION AND FOLLOW UP A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. 
These physical examinations should include special reference to blood pressure, breasts. abdomen and 
pelvic organs. including cervical cytology. and relevant laboratory tests In case of undiagnosed persistent 
or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be conducted te rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules should be 
monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for hyperlipidermas 
should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL 
levels and may render the contro! of hyperlipidemias more difficult. 3. LIVER FUNCTION. If jaundice 
develops in any woman receiving such drugs. the medication should be discontinued Steroid hormones 
may be poorly metabolized in patients with impaired liver function. 4. FLUID RETENTION. Oral contracep- 
tives may cause some degree of fluid retention, They should be prescribed with caution, and only with 
careful monitoring, in patients with conditions which might be aggravated by fluid retention 5. EMO- 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6. CONTACT LENSES. Contact lens wearers who 
develop visual changes or changes in fens tolerance should be assessed by an ophthalmologist 7 DRUG 
INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding and menstrual irreg- 
ularities have been associated with concomitant use of rifampin. A similar association. though less 
marked, has been suggested with barbiturates. phenyloutazone. phenytoin sodium. and possibly with 
griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine 
and liver function tests and blood components may be affected by oral contraceptives. a. Increased 
prothrombin and factors Vil. Vill, IX. and X; decreased antithrombin 3. increased norepinephrine-induced 
platelet aggregability. b. Increased thyroid binding globulin (TBG) leading to increased circulating total 
thyroid hormone. as measured by protein-bound iodine (PBI). T4 by column or by radiaammunoassay. Free 
T3 resin uptake ıs decreased, reflecting the elevated TBG. free T4 concentration is unaltered. c. Other 
binding proteins may be elevated in serum. d. Sex-binding globulins are increased and result in elevated 
levels of total circulating sex steroids and corticoids: however. free or biologically active levels remain 
unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 9. Serum folate levels 
may be depressed by oral contraceptive therapy. This may be of clinical significance 1f a woman becomes 
pregnant shortly after discontinuing orat contraceptives. 9. CARCINOGENESIS. See WARNINGS section 
10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 11. NURSING 
MOTHERS. Small amounts of oral contraceptive steroids have been identified in the milk of nursing 
mothers and a few adverse effects on the child have been reported. including jaundice and breast enlarge- 
ment. in addition. oral contraceptives given in the postpartum period may interfere with lactation by 
decreasing the quantity and quality of breast milk. if possibile, the nursing mother should be advised not to 
use oral contraceptives but to use other forms of contraception until she has compietely weaned her child 
INFORMATION FOR THE PATIENT: See Patient Package Insert. ADVERSE REACTIONS: An increased risk 
of the following serious adverse reactions has been associated with the use of oral contraceptives (see 
WARNINGS section). Thrombophlebitis and venous thrombosis with or without embolism. Arterial throm- 
boembolism. Pulmonary embolism, Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis. 
Hypertension. Gallbladder disease. Hepatic adenomas or benign liver tumors. The following adverse reac- 
tions have been reported in patients receiving oral contraceptives and are believed to be drug-related 
Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal cramps and bleating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary infertility after discontinuation of 
treatment. Edema. Melasma which may persist. Breast changes: tenderness, enlargement. secretion 
Change in weight (increase or decrease). Change in cervical erosion and secretion, Dirninution in lactation 
when given immediately postpartum. Cholestatic jaundice. Migraine. Rash (allergic): Mental. depression. 
Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature (steepening). intoler- 
ance to contact lenses. The following adverse reactions have been reported in-users of oral contraceptives 
and the association has been neither confirmed nor refuted: Pre-menstrual syndrome Cataracts. Changes 
in appetite. Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism, Loss of scalp har. Ery- 
thema multitorme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porptiyria. impaired renal Tunc- 
tion, Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. OVERDOSAGE: Senous ii effects have 
not been reported following acute ingestion of large doses of orat contraceptives by young children: 
Overdosage may cause nausea and withdrawal bleeding may occur in females. ORTHO 
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Low-impact norethindrone 


No significant change | 
in mean values 
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21- and 28-day regimens 
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tSerious as well as minor side effects i bl 
have been reported with the use of oral ablets 


contraceptives. The physician should norethindr one/ethinyl estradiol 


remain alert to the earliest manifestations 
of any symptoms of serious disease 

and discontinue oral contraceptive 
therapy when appropriate. 
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Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8-16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 


To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 


Extra mee progestin to reduce 
midcycle breakthrough bleeding 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri-Norinyl, 
please see brief summary of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 
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INORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL’ 21-Day Tablets {7 blue tablets ot norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tabiets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
pue oits of norethindrone 0.5 mg with ethinyl estradiol 

m 
TRIN Inv: 28-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradio! 
0.035 mg: 7 inert tablets) 
BREVICON’ 21-Day Tablets (norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg) 
BREVICON’ 28-Day Tablets (21 norethindrone 0.5 mg with 
ethinyl estradiol 0.035 mg tablets followed by 7 inert tablets) 
NORINYL’ 1 +35 21-Day Tablets (norethindrone 1 mg with 
ethiny! estradiol 0.035 mg) 
NORINYL’ 1+ 35 reg Tablets (21 norethindrone 1 mg 
with ethinyl estradiol 0035 mg tablets followed by 7 
inert tablets) 
NORINYL' 1 +50 21-Day Tablets (norethindrone 1 mg with 
mestranol 0.05 mg 
NORINYL" 1 +50 28-Day Tablets (21 norethindrone 1 mg 
with mestranol 0.05 mg tablets followed by 7 inert tablets) 
NORINYL* 1 + 80 21-Day Tablets (norethindrone 1 mg with 
mestrano! 0.08 mg 
NORINYL" 1 + 80 28-Day Tablets (21 norethindrone 1 mg 
with mestranol 0.08 mg tablets followed by 7 inert tablets) 
NORINYL 2 mg Tablets (norethindrone 2 mg with 
mestranol 01 mg) 
NOR-0.D"" (norethindrone) Tablets 0.35 mg 
ORAL CONTRACEPTIVE (0.C.) AGENTS 
Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism, it is prudent to minimize estrogen 
exposure. Prescribe an OC with the teast amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCS 
containing 6.05 mg or less of estrogen. 
Contraindications 1 Known or suspected pregnancy (see Warning #5). 2 
Thrombophiebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal genital 
bleeding. 5. OCs shouid not be used by women who have or have had any of the 
following. a. cerebral vascular or coronary artery disease, including myocardial 
infarction, b. known or suspected carcinoma of the breast. c. known or sus- 
pected estrogen dependent neoplasia d. benign or malignant liver tumor that 
developed during use of OCs or other estrogen containing products. 


[w increases the risk of serious cardiovascu- 
| lar side effects trom OC use. his risk increases with age and with heavy 
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(15 or more cigarettes per day) and is quite marked in j 
| a years of age. Women who use OCs should be strongly advised not | 
| The use of OCs is associated with increased risk of several serious conditions 
| including thromboembolism, stroke, myocardial infarction, liver tumor, gall 
| bladder disease, visual disturbances, fetai abnormalities, and hypertension. 
| Practitioners prescribing Obs shoulc be familiar with the following intorma- 
| tion relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
thromboembolic and thrombotic disease associated with OC use is established. 
One study demonstrated an increased relative risk for fatal venous thromboem- 
bolism and several studies demonstrated it for non-fatal venous thromboembol- 
ism. They estimate that OC users are 4-11 times more likely than nonusers to 
these diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
lar disease, Another British study showed a lower death rate in OC users than 
controls; an increase in cardiovascular deaths was seen but was not statistically 
significant. A US. prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a retrospective, case- 
control study showed significant increases in venous thromboembolism, CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. in an American study of 
Cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greatar in users than nonusers. A British tong- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too smali to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents; smoking and pil! use 
appear to increase risk moze than either alone. 
MYOCARDIAL INFARCTION (MI). increased relative risk of Mi associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia} 
the higher the risk of developing Mi, regardiess of OC use. OCs were an 
additional risk factor. in terms ot relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major nadposng condition to 
Mi} ara twice as likely to have a fatal Mi as nonsmoking nonusers. OC users who 
afe smokers have a 5-toid increased risk of tatal infarction compared to non- 
among, users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. in determining the 
mportance of these relative risks, baseine rates for various age groups must be 
considered, geimas are based on British vital statistics which show acute MI 
death rates 2-3 times less than in the US. so U.S. death rates could be higher) 
mpor ance of other predisposing conditions in determining relative and absolute 
‘isks has not been quantified; other ii actions may exist. RISK OF 
JOSE. Using data from several national adverse reaction reporting systems, 
3ritish investigators concluded that risk of thromboembolism, including coro- 
rary thrombasis, is directly related to estrogen dose in OCs. OCs with 01 m or 
nore of estrogen were associated with a higher risk of thromboembolism than 
hose containing 0.05-0.08 mg but quantity of strogen may not be the sole 
actor This was supported by a US. study. A British study found a positive 
issociation between dose of progestogen or estrogen and certain thramboembol- 
c conditions. Swedish authorities noted decreased reporting of thromboembolic 
apisodes when higher estrogen preparations were no longer prescribed. Careful 
spidemipiogical studies to determine degree of thromboembolic disease risk 
sociated with pragesiogen:oniy OCs have not been done. Thromboembolic 
fisease has been reported in women using these products, and they should not 
je considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
H ted an increased risk may persist for 6 years after discontinuation of OC 
isë for cerebrovascular disease and 9 years for Mi: another Study Suapestea the 
jersistence of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
‘ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
nated orally rate per 100000 women per year from circulatory system 
liseases for OC users and nonusers according to age. smoking habits, and 
uration of use. The overall annual excess death rate for OC users was estimated 
© be 20/100000 (ages 15-34--5/100000; ages 35-44-33/100000; ages 45- 
19--140/100,000), Risk is concentrated in long-term users and in smokers, and 
nay persist atter OC discontinuation. Although the sudy showed a 10-foid 
nerease in death due to circulatory diseases in users tor 5 or more years, all 
‘ecurred in women 35 or older An update provided the folowing rates: ages 
§-34~ 1/6700 for nonsmokers and 1/2000 for smokers, ages 45 and over- 
{2500 for nonsmokers and 1/500 tor smokers. Risk appeared to increase 
vith parity, but not with duration of use. Until more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
elative risk for this age group. Data from a variety of sources have been 
wnalyzed to estimate the risk of death associated with various methods 
H contraception, Estimates include combined risk of the contraceptive 
nethod {e.g., thromboembolic and thrombotic disease tor OCs) plus risk 
(Hributabla to pregnancy or abortion if the method fails (which varies with 
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the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pilf only: 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double: for “light” smokers 
{less than 15), about half) The fawest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that OC 
users who smoke, especially over 30. have greater mortality risk than OC users 
who do not smoke. 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for Mi is further increased by hypertension, hypertipide- 
mias, obesity, diabetes, or history of preeclamptic toxemia, and pepecially by 
smoking. The following chart gives a gross estimate of risk of death from 
circulatory disorders associated with OC use. 


SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS ~ RISK ASSOCIATED WITH USE OF OCs 











Age Below 30 30-39 
Heavy smokers C 8 
Light smokers D C 
Nonsmokers 
{no predisposing conditions) D cD ¢ 
Nonsmokers 
{other predisposing conditions) Cc CB BA 


A-Use associated with very high risk 
B-Use associated with high risk. 
C-Use associated with moderate risk. 
D~Use associated with low risk, 


Physician and patient should be alert to earliest manitestations of thromboembo!- 
1¢ and thrombotic disorders (e.g, thrombophlebitis, pulmonary embolism, cere- 
brovascular insutficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected. discontinue OC 
immediately A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If teasible. discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization, Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete loss of vision: onset of proptosis or diplopia; 
papiliedema; or retinal vascular lesions, and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or malignant, such as breast, cervix. vagina, uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and malignant, in dogs. Several retrospective case- 
control studies reported an increased relative risk (31-139 times} associating 
endometrial carcinoma with the prolonged use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
Cases of adenocarcinoma o! the endometrium in women under 40 an OCs, Of the 
adenocarcinomas found in women withaut predisposing risk factors for adeno- 
carcinoma of the endometrium (e.g. irregular bleeding when OCs were first 
iven, polycystic ovaries), nearly all occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
Suggesting an increased risk af endometrial cancer in users ot conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users, One study found no overall increased risk of breast cancer in OC 
users but a greater risk was suggested for OC users with documented benign 
breast disease and tor long-term (2-4 years) users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
rs than among nonusers with breast cancer. One other study indicated an 
creasing risk of breast cancer in women taking menapausai estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first fult term pregnan was associated with a significant 
relative risk of breast cancer, and other studies suggested an increased risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and Conversion to 
cancer in sifu in OC users compared to nonusers. This became statistical 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 
months of pili use was suggested to predict progression after prolonged expo- 
sure, One study disclosed an increased risk of cancer of the cervix (largely 
Carcinoma in situ) in OC users under 40, particularly those who had used OCS 
over 4 years. Two other studies suggested an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microgiandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs, Close clinical surveillance of ail OC users is, nevertheless, 
essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
(See also Warnings, 4. Liver Tumors.) 4. Liver Tumors: Sudden severe abdominal 
in or shock may be due to rapture and hemorrhage of a liver tumor. There have 
en reports associating benign or malignant liver tumors with short-term and 
pepe OC use. One study reported use of OCs with high hormonal potency 
and age over 30 may further increase risk of hepatocellular adenoma. Two 
Studies relate risk with duration of use, risk being much greater atter 4 or more 
years of use, Long-term OC users have an estimated annual incidence of hepato- 
cellular adenoma of 3-4/100,000. Although an uncommon lesion, it should be 
considered in women presenting with an “acute abdomen”. The tumor may 
cause serious or fatal hemorrhage. Patients with liver tumors have demonstrated 
variable clinical features which may make preoperative diagnosis difficult. Some 
Cases presented because of right upper quadrant masses, while most had signs 
and symptoms of acute intraperitoneal hemorrhage. Routine radiological and 
laboratory studies may not be helpful. Liver scans may show a focal defect. 
Hepatic arteriography may dé useful in diagnosing primary liver neoplasm. Cases 
of hepatocellular carcinoma have been reported in long-term users of OCs." 
An epidemiological study suggested a 4-fold increase in relative risk for hepato- 
cellular carcinoma in OC users for 8 years or more, which increased to 7 in 
women with markers of hepatitis B. A second study suggested a risk of about 20 
for use in excess of 8 years. 5. Use in or mediately, receding Pregnancy Birth 
Detects ia Offspring. and Matignancy in Female Offspring: Use of temale sex 
hormones —estrogenic and progestationai agents -during early pregnancy may 
seriously Gamage the offspring. Females exposed in utero to diethylstilbestrol, a 
nonsteroidal estrogen, have an increased risk of developing in later lite a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to de of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care. A high percentage of 
women exposed to diethyistilbestrol (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that they wouid not 
induce similar changes, increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs. in pregnancy. One case-control study estimated a 4.?-fold increased relative 
tisk of fimb-reduction detects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion}. Some exposures involved only a few days of treatment. Data suggest 
risk of limb-reduction defects in exposed fetuses is somewhat tess than 11000 
ive births. In a large prospective study, cardiovascular defects in children born to 
women who received female hormones, including OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed 
in utero. These results are statistically significant. A Welsh study found a statis- 
tically significant excess of neural tube defects among offspring of prior OC 
users (within 3 months) than among controls. The incidence of twin births may 
be increased for women who conceive shortly after discontinuing OC use. in the 
past, female sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence tram well controlled studies th: progestopens are 
effective for these uses. There is some evidence that triptoidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. If 









the patient has not adhered to the prescribed. schedule, consider possible 


nancy at the first missed period (or 45 days trom the last menstrual period Wo 


progestogen on OCs are used) and discontinue OC use unti pregnancy has 
en ruled out. Fer any patient who has missed twa consecutive periods, rule 
out pregnancy before continuing the OC. {f pregnancy is confirmed; tell the 
patient about potential risks to the fetus and. discuss advisability of continuing 
the pregnancy. Women who discontinue OCs ta become nant shouid use an. 
alternate form of contraception for a period of time before. attempting to con- 
ceive, A 3-month period is supported by a study suggesting increased frequency 
of neural tne poot i women impregnated during the first 3 months after 
cessation of OC use, Do not use progestogen-only or progestogen- 
combinations to induce withdrawai bleeding as a pregnancy test. 6. A 
Disease. Studies report increased risk of galt bladder disease in OC or estrogen 
users. in one study, an increased risk appeared atter 2 years of use and doubl 
after 4-5 years. in another study. an increased risk was apparent between 6 and 
12 months. 7 Cartohydrate and Lipid Metabolic Effects: Because a decrease in 
glucose tolerance nas been observed in a Sigavficant Percentage of patients on 
Cs, prediabetic and diabetic OC users should be carefully observed. An increase 
in triglycerides and total bhosphokpics has been observed in OC users but its 
clinical significance is unknown. 8. Elevated Blood Pressure: An increase in 
blood pressure has. been reported with OC use, Hypertension may occur within. a 
few months of beginning OCs. in the first year of use, incidence of hypertension 
may be no higher i OC users than in nonusers. Incidence in users increases with 
exposure and in the fifth year of use is 2.5-3 times that in the first year, Age is 
Strongly correlated with yet tension in OC users. Women with a history of 
elevated blood pressure (hypertension), preexisting renal disease, history of 
toxemia or elevated blood pressure curing pregnancy, familial tendency to hyper- 
tension or its consequences, or history of excessive weight gain or fluid retention 
during the menstrual cycle may be more likely to develop elevated blood pressure 
when given OCs and should be monitored closely. Even though elevated blood 
pressure may remain within the “normal” range, closely watch elevations, partic- 
ularly for women with other risk factors for cardiovascular disease or stroke, High 
blood pressure may or may not persist after OC discontinuation. 9. Headache: 
Discontinue OC and evaluate the cause of onset or exacerbation of migraine or 
development of a new pattern of headache which is recurrent, persistent, or 
severe. 10. Bleeding Irregularities: Breakthrough bleeding, spotting, and missed 
menses often make users discontinue OCs. in breakthrough bleeding, as in al 
cases of irregular bleeding from the vagina. consider nonfunctional causes. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, use 
adequate diagnostic measures to rule out pregnancy or malignancy, if pathol 
has been excluded, time or another formulation may solve the problem. Whi 
tentially useful ir minimizing menstrual irregularity, change to an OC with a 
igher estrogen content only if necessary since this may increase the risk of 
thromboembolic disease. Women with a history of oligomenorrhea or secondary. 
amenorrhea or young women without regular cycles may tend to remain anovu- 
latory or to become amenorrheic atter OC discontinuation. Women with these 
Preexisting problems should be advised of this and encouraged to use other 
contraceptive methads, Post-use anovulation, possibly prolonged, may occur in 
women without previous irregularities. A higher incidence of gaiactorrhea and ot 
pituitary tumors (e.g., adenomas) has been associated with amenorrhea in 
former users compared with nonusers. One study reported a 16-fold increased 
incidence of pituitary prolactin-secreting tumors among patients with postpit 
amenorrhea when galactorrhea was present. 11, Infertility: There is evidence of 
impairment of fertilty in women discontinuing OCs in comparison with other 
contraceptive methods, which appears to be independent of duration of use. 
While impairment diminishes with time, there is an appreciable difference in the 
results in nulliparous women for OC and other groups 40 months after discontin- 
vation of birth control. For parous women the difference is not apparent 30 
months after cessation of contraception. One study suggests that the incidence 
of Chlamydia trachomatis infection, the leading cause of nongonococcal PID., is 
increased by OCs. 12. Ectopic Pregnancy. Ectopic as well as intrauterine preg- 
nancy may occur in OC failure, In progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding. OCs in the postpartum period may interfere with lactation by decreas- 
ing quantity and quality of breast miik. A small fraction of OC hormonal agents 
has been identified in milk of mothers receiving OCs. Effects, if any. on the 
breast-fed child have not been determined. If feasible, defer OC use until the 
infant has been weaned, Precautions GENERAL 1. Take a complete medical and 
family history before starting OCs. Pretreatment and periodic physical exams 
should include special reference to blood pressure, breasts, abdomen and pelvic 
organs, including Papanicolaou smear and relevant lab tests. As a general rule, 
OCs should not be prescribed for longer than 1 year without another physical, 2. 
Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may enlarge. 3. Observe patients with a history of psychic 
sion and discontinue OCs if depression recurs to a serious degree. Pat 
becoming significan'ly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
Cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice Cevelops. 6. Steroid hormones may be poorly metabolized in 
patients with impaired liver function and should be administered with caution in 
Such patients. 7 OC users may have disturbances in normal tryptophan metabo- 
fism that may result in a relative pyridoxine deficiency, The clinical significance is 
unknown. 8 Serum folate levels may be depressed by OC use. Since the pregnant 
woman is predisposed to folate deficiency and incidence of folate deficiency 
increases with increasing gestation, if a woman becomes pregnant shortly after 
stopping OCs, she may have a greater chance of developing folate deficiency ang 
related complications. 9. Advise the pathologist of OC use when relevant Spec 
mens are submitted. 10. Certain endocrine and liver function tests and blood 
components may be affected by estragen-containing OCs. For exampie: a. 
increased sulfobromaphthalein retention, b. Increased prothrombin and factors 
Vil, Vil, 1X. and X, decreased antithrombin 3; increased norepiney rine-induced 
platelet aggregability c. increased thyroid binding globulin (TBG) leading to 
increased circulating total thyroid hormone, as measured by protein-bound 
iodine (PBI), T4 by calumn, or T4 by radioimmunoassay, Free T3 resin uptake is 
decreased. reflecting the elevated TBG. tree T4 concentration is unaltered. d, 
Decreased pregnaneciol excretion. e. Reduced response to metyrapone test. f, 
Increased phospholipids and triglycerides. g. Temporarily decreased glucose 
tolerance. 1i. Contac: lens wearers who develop visual changes or changes in 
lens tolerance should be assessed by an nalmologist and temporary or 
ermanent cessation of wear considered. DRUG INTERACTIONS. OCs may be 
less effective and there may be increased breakthrough bleeding from interac- 
tions with ritampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin V. 
chloramphenicol, sullonamides. nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics, tranquilizers, antimigraine preparations, antihistamines, and 
griseotulvin, OCs may alter effectiveness of such other drugs as oral anticoagu- 
dants. anticonvulsants, tricyclic antidepressants, antihypertensive agents (e.g. 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline, and beta blockers. Toxic liver affects have been reported with 
a combination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of 
following serious adverse reactions has been associated with OC use (see Warn- 
ings): thrombophiebitis, thrombosis, pulmonary embolism, coronary thrombo- 
sis, cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral 
hemorrhage, hypertension, gali bladder disease, congenital anomalies, neuro- 
Ocular lesions, e.g., retinal thrombosis and optic neuritis, Budd-Chiari syndrome, 
Raynaud's disease, arterial thromboembolism. The following adverse reactions 
have been reported in OC users and are believed to be drug related: bleeding. 
irregularities (breakthrough bleeding, spotting, missed menses during treatment, 
amenorrhea after treatment), gastrointestinal symptoms (nausea, vomiti 
bloating. abdominal cramps, colitis), dysmenorrhea, infertility after discontiny- 
ance of treatment, edema, chloasma or melasma which may persist alter rug is 
discontinued, breast anons (tenderness, enlargement, Secretion), i 
ance to contact tenses, changes in corneal curvature (steepening), : 
weight (increase or decrease), change in cervical erosion and cervical secretion, 
possible diminution of lactation when given immediately postpartum, cholestatic 
jaundice, migraine, increase in size of uterine ielomyomata, rash (allergic). men- 
tal depression, reduced tolerance to carbohydrates, vaginal , prolac-- 
tin-secreting pituitary tumors, chilblains. The following adverse reactions have. 
been reported in OC users and the association has been neither confirmed nor 
tefuted: premenstrual-like syndrome, cataracts, changes in libido, chorea, 
changes in appetite, eystitis-iike syndrome, headache, nervousness, dizziness, 
hirsutism, joss of hair. erythema multiforme, erythema nodosum, hemorrhagic 
eruptions, vaginitis, porphyria, impaired renal function, malignant nephroscie- 
rosis (hemolytic uremic syndrome}, mati hypertension, acute renal failure, 
premature supraventricular contractions. itor for the Patient (See Patient 
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CLINICAL SECTION 
W Clinical Opinion 
Missed abortion: Still appropriate terminology? 261 
Gabriella Pridjian, MD, and Atef H. Moawad, MD 
Chicago, Illinois 
In modern obstetrics, timely use of ultrasonography in early pregnancy has made the use of 
the term missed abortion no longer appropriate. 
Multidisciplinary team counseling for fetal anomalies 263 
Robert P. Lorenz, MD, and Margueritte H. Kuhn, MD 
Royal Oak and Detroit, Michigan 
When a fetal anomaly occurs, a multidisciplinary team of specialists assists the obstetrician in 
planning and counseling a family in an effective new program to assist in this family crisis. 
Breast disease programs in obstetrics and gynecology: A plea for 267 
training in mammography 
Norbert Gleicher, MD 
Chicago, Illinois 
The inclusion of mammography training programs within obstetrics and gynecology curricula 
is proposed as an integral step in the establishment of teaching programs in breast disease. 
Intrauterine growth retardation: Standards for diagnosis 271 


Robert L. Goldenberg, MD, Gary R. Cutter, PhD, Howard J. Hoffman, MA, Judith M. Foster, MPH, 
Kathleen G. Nelson, MD, and John C. Hauth, MD 
Birmingham, Alabama 


The methodology used to develop the current standards for defining intrauterine growth 
retardation were evaluated, and, on the basis of these findings, recommendations are made to 
develop a single national standard for the diagnosis of intrauterine growth retardation. 
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Anal and perianal abnormalities in prepubertal victims of sexual abuse 
David Muram, MD 
Memphis, Tennessee 


Perianal abnormalities were observed in one third of children who were sexually abused. 


Phosphorus 31 nuclear magnetic resonance examination of female l 282 
reproductive tissues 

Elizabeth A. Noyszewski, MSc, Jyothi Raman, MSc, Suzanne R. Trupin, MD, Barbara L, McFarlin, CNM, MS, 
and M. Joan Dawson, PhD 

Urbana, Illinois 


Noninvasive nuclear magnetic resonance spectroscopy examination may be a useful addition 
to magnetic resonance imaging, and it could become a cost-effective method of evaluating 
biopsy samples biochemically. 


A new surgical technique to treat refractory labial fusion in the elderly 289 
N. Johnson, MRCOG, FRCS, R. J. Lilford, MRCOG, MRCP, PhD, and D. Sharpe, FRCS, OBE 
Leeds and Bradford, England 


A new treatment of refractory labial fusion is described, in which a skin flap from the thigh is 
used to cover the raw area. 
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Predictive values, relative risks, and overall benefits of high and low OO 291 
‘maternal serum a-fetoprotein screening in singleton pregnancies: New 

epidemiologic data =. 

Aubrey. Milunsky, MB, BCh, DSc, Susan S. Jick, MPH, Carol L. Bruell, MS, Dean S. MacLaughlin, PhD, 

Yean-Kai Tsung, PhD, Hershel Jick, MD, Kenneth J. Rothman, DrPH, and Walter Willett, MD 

Boston, Massachusetts 


In addition to detection of pregnancies in which the fetus has a neural tube or chromosome 
defect, maternal serum a-fetoprotein screening is shown in this study to also be useful in the 
identification of high-risk pregnancy. 


The efficacy of fetal sonographic biometry in Down syndrome screening 297 
Mark T. Peters, MD, Charles J. Lockwood, MD, and Wayne A. Miller, MD 
Lincoln and Boston, Massachusetts 


Fetal sonographic biometry cannot be used as a sole criterion for Down syndrome screening. 


Pregnancy loss in a small chorionic villus sampling series 301 | 
Brian A. Clark, PhD, MD, John M. Bissonnette, MD, Susan B. Olson, PhD, and R. Ellen Magenis, MD 
Portland, Oregon 


The pregnancy loss rate in the initial 211 chorionic villus sampling cases does not support the 
contention that there is an initial high rate of pregnancy loss. 


Maternity shelter care for adolescents: Its effect on incidence of low 303 
birth weight ; 
Katherine D. LaGuardia, MD, MPH, Maurice L. Druzin, MD, and Carol Eades, BA 
New York, New York 





A retrospective analysis of 225 pregnant adolescents revealed that those living in a maternity 
shelter yet receiving identical medical care as those living at home were delivered of 
significantly fewer infants of low birth weight and preterm gestation. 


Fetal hyperinsulinism in anencephaly 306 
C. Hubinont, MD, PhD, N. M. Fisk, MD, U. Nicolini, MD, and C. H. Rodeck, MD 
London, England 


In utero hyperinsulinism present in anencephalic fetuses could be responsible for their 
subnormal growth despite an absent hypothalamohypophysial axis. 


Antenatal ultrasonographic diagnosis of fetal seizure activity 308 
Helain J. Landy, MD, Alfred N. Khoury, MD, and Peter S. Heyl, MD 
Washington, D.C., and Fairfax, Virginia 


The ultrasonographic diagnosis of in utero seizures in a chromosomally normal, 
growth-retarded fetus is reported. 








Phase Il trial of ifosfamide and mesna in mixed mesodermal tumors of 309 


the uterus (A Gynecologic Oncology Group Study) 


Gregory P. Sutton, MD, John A. Blessing, PhD, Neil Rosenshein, MD, Guy Photopulos, MD, and 
Philip J. DiSaia, MD 

Indianapolis, Indiana, Buffalo, New York, Baltimore, Maryland, Memphis, Tennessee, and 
Orange, California 


Ifosfamide and mesna produced a 32.2% response rate with a 17.9% complete response rate in 
advanced or recurrent mixed mesodermal tumors of the uterus. 


Ceramide lactoside in amniotic fluid: High concentration in 313 
chorioamnionitis and in preterm labor 

Mikko Hallman, MD, DrMedSci, Kristiina Bry, MD, and Olli Pitkanen, MD 

Helsinki, Finland 


Cermide lactoside may serve as a sensitive and specific marker of inflammation in fetal 
membranes during preterm labor. 


Cardiac isoenzymes and electrocardiographic changes during ritodrine 318 
tocolysis 

Hamid A. Hadi, MD, and Sabah J. Albazzaz, MD 

Augusta, Georgia 


Serially determined cardiac isoenzymes and electrocardiographic examinations during 
ritodrine tocolysis suggest that this drug in the recommended regimen does not produce direct 
myocardial damage. 


Elevated liver enzymes and thrombocytopenia in the third trimester of 322 
pregnancy: An unusual case report and a review of the literature 

Mary E. Hannah, MSc, MDCM, Ron Gonen, MD, Eva J. M. Mocarski, MSc, MD, Ross Cameron, MD, 
Laurence Blendis, MD, and Michael Glynn, MD 

Toronto, Ontario, Canada 


Abdominal pain, thrombocytopenia, and elevated liver enzymes, occurring in a twin pregnancy 
and diagnosed as preeclampsia on liver biopsy, resolved before delivery. 


Continuous tissue pH monitoring in the term fetus 323. 
Mary L. Small, MD, Marie Beall, MD, Lawrence D. Platt, MD, Diane Dirks, RN, and Howard Hochberg, MD 
Los Angeles, California 


Continuous tissue pH monitoring of 59 patients showed poor correlation with scalp pH; 
however, knowing the trend of tissue pH is thought to be worthwhile. 


Noninvasive management of isolated bilateral fetal hydrothorax 330 
Leen Pijpers, MD, PhD, Annette Reuss; MD, Patricia A. Stewart, NDCT, CCPT, and 

Juriy W. Wladimiroff, MD, PhD 

Rotterdam, The Netherlands 


Normal neonatal outcome was observed in eight cases of bilateral isolated fetal hydrothorax 
in which a noninvasive management approach was adopted. 


(Contents continued on page 10A) 
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-Relapsing polychondritis in pregnancy: A case report and review ee r 32 
Martin L. Gimovsky, MD, and Mark Nishiyama, MD fe ae 
Los Angeles, California 


A case of chronic pulmonary insufficiency during gestation is described. 


Abscess of allantoic duct remnant 334 
I. Cori Baill, MD, G. William Moore, MD, PhD, and Lora A. Hedrick, MD 
Baltimore, Maryland 


Funicitis and an abscessed allantoic duct remnant were present in an umbilical cord at 22 1/7 
weeks’ gestation. 


„Infection and labor. IV. Cachectin-tumor necrosis factor in the amniotic 336 
fluid of women with intraamniotic infection and preterm labor 

Roberto Romero, MD, Kirk R. Manogue, PhD, Murray D. Mitchell, DPhil, Ying King Wu, MD, 

Enrique Oyarzun, MD, John C. Hobbins, MD, and Anthony Cerami, PhD 

New Haven, Connecticut, New York, New York, and Salt Lake City, Utah 


Tumor necrosis factor may play a role in the onset of preterm labor in women with 
intraamniotic infection. 


Pulsed Doppler flow-velocity waveforms in the prediction of fetal 341 ae 
hematocrit of the severely isoimmunized pregnancy “Ee 
Joshua A. Copel, MD, Peter A. Grannum, MD, Jacqueline J. Green, MS, RDMS, Kathy Belanger, PhD; and 
John C. Hobbins, MD 

New Haven, Connecticut 


Two previously reported formulas relating fetal hematocrit to Doppler indices were evaluated 
prospectively and were found not to predict hematocrit reliably. 








Concurrence of mouthing movement and rapid eye movement/non-—rapid 344. 


eye movement phases with advance in gestation of the human fetus 

Naoki Horimoto, MD, Takashi Koyanagi, MD, Shin Nagata, MD, Hiromasa Nakahara, MD, and 
Hitoo Nakano, MD 

Fukuoka, Japan 


By ultrasonographic observation of 26 human fetuses between 28 and 41 weeks of gestation, 
regular mouthing movement was found to concur with the non—rapid eye movement period 
from 35 weeks’ gestation to term. 


-Fetal heart rate patterns in red blood cell isoimmunized pregnancies 351 
Ae K. H. Nicolaides, BSc, MD, G. Sadovsky, MD, and E. Cetin, MD : 
- London, England 


Fetal heart rate patterns in 33 red blood cell isoimmunized pregnancies were related to 
oxygenation and hemoglobin concentration of fetal blood obtained at cordocentesis. 
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_ Plasma atrial natriuretic peptide in human fetus: Response to 357 
intravascular blood transfusion 
Marios Z. Panos, MD, Kypros H. Nicolaides, MD, John V. Anderson, MD, Demetrios L. Economides, MD, 
< Lesley Rees, MD, and Roger Williams, MD 

-London, England 


Human fetal plasma atrial natriuretic peptide concentration rises in response to intravascular 
blood transfusion. 


Fetal cardiac output in the isoimmunized pregnancy: A pulsed IGT 
Doppler-echocardiographic study of patients undergoing intravascular f 
intrauterine transfusion 

Joshua A. Copel, MD, Peter A. Grannum, MD, Jacqueline J. Green, MS, RDMS, Kathy Belanger, PhD, 
Nagui Hanna, MD, C. Carl Jaffe, MD, John C. Hobbins, MD, and Charles S. Kleinman, MD, 

New Haven, Connecticut 


Cardiac output was measured in a group of isoimmunized fetuses undergoing intravascular 
transfusion and was found to be significantly higher than in controls. 


Twin-to-twin transfusion syndrome: What are appropriate diagnostic 365 
criteria? 

Fiona H. Danskin, MB, ChB, and James P. Neilson, MD 
Glasgow, Scotland 


The standard diagnostic criteria for the chronic twin-to-twin transfusion syndrome were 
reevaluated in a study of 178 consecutive twin pregnancies, and it was concluded that a 
definitive diagnosis of this syndrome cannot be made with these criteria alone. 


The prevalence and biologic significance of lupus anticoagulant and 369 
anticardiolipin antibodies in a general obstetric population 
C. J, Lockwood, MD, R. Romero, MD, R. F. Feinberg, MD, PhD, L. P. Clyne, FIMLS, MS, B. Coster, BS, and.” 
J. C. Hobbins, MD os 

New Haven, Connecticut 


In a low-risk obstetric population the prevalence of lupus anticoagulant and antiphospholipid 
antibodies was 0.27% and. 2.2%, respectively, with normal outcomes observed in 25% of 
affected patients. 


Fetal blood gas analysis from cordocentesis for abnormal fetal heart rate -874 
patterns 
Dinesh M. Shah, MD, and Frank H. Boehm, MD 


Nashville, Tennessee 


Three cases that involve dilemmas from lack of synchrony of fetal heart rate tracing, 
cordocentesis-obtained blood gas analysis, and postnatal blood gas analysis are presented. 


Presence of autoantibodies in women with unexplained infertility B77 
Pamela V. Taylor, PhD, James M. Campbell, MRCOG, and James S. Scott, MD 
Leeds, England 


Unexplained infertility was studied in 41 patients and was shown to be associated with a 

significantly higher prevalence of autoantibodies to smooth muscle, phospholipid, and some 
nuclear antigens, compared with normal pregnancy. 
(Contents continued on page 12A) 
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Successful twin pregnancy after embryo donation to a patient with XY ~~ ce BBO 
gonadal dysgenesis ans 
Mark V. Sauer, MD, Rogerio A. Lobo, MD, and Richard J. Paulson, MD 
Los Angeles, California 


A twin pregnancy was accomplished in a patient with XY gonadal dysgenesis with the use of 
donated oocytes obtained by transvaginal aspiration, fertilized in vitro, and replaced 
transcervically. 


Ovarian hyperstimulation presenting as acute hydrothorax after in vitro 381 
fertilization e 
Charles R. Kingsland, MB, ChB, John V. Collins, MD, Botros Rizk, MB, ChB, and 

Bridgett A. Mason, MB, BS 

London, England 


This is the first reported case of acute hydrothorax as the only presenting sign of ovarian 
hyperstimulation after in vitro fertilization. 


Normal amniotic fluid volume changes throughout pregnancy 382. 
Robert A. Brace, PhD, and Edward J. Wolf, MD rae, 
La Jolla, California 


A total of 705 measured amniotic fluid volumes in normal human pregnancies was used to 
statistically characterize gestational changes in amniotic fluid volume. 





Doppler velocimetry and placental disease 388: a 


Luis A. Bracero, MD, Debra Beneck, MD, Nancy Kirshenbaum, MD, Marianne Peiffer, RDMS, 
Patricia Stalter, CDMS, and Harold Schulman, MD 
Valhalla and Mineola, New York 


An elevated umbilical artery systolic-diastolic ratio was found to be associated with a decrease 
in the number of small muscular arteries within the placenta. 


Local methotrexate injection: A nonsurgical treatment of ectopic 393 
pregnancy 

Mordechai Pansky, MD, Ian Bukovsky, MD, Abraham Golan, MD, Rami Langer, MD, David Schneider, MD, 
= Shlomo Arieli, MD, and Eliahu Caspi, MD i 
. Zerifin, Israel 


Twenty-seven patients with unruptured tubal pregnancy were treated by local injection of 
methotrexate at laparoscopy; all but three, who needed laparotomy because of rising titers of 
B-hCG, recovered uneventfully. 


Serial human chorionic gonadotropin determinations by 397 
fluoroimmunoassay for differentiation between intrauterine and ectopic 

gestation 

Bo Lindblom, MD, PhD, Mats Hahlin, MD, and Peter Sjéblom, PhD 


Goteborg, Sweden 


“Improved analysis of hCG patterns increases accuracy in diagnosis of ectopic pregnancy. 
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Dandy-Walker syndrome: A review of fifteen cases evaluated by prenatal 401 
sonography 
Paul D. Russ, MD, Dolores H. Pretorius, MD, and Mark J. Johnson, MD 
Denver, Colorado, San Diego, California, and Columbus, Ohio 


Fifteen cases of Dandy-Walker syndrome diagnosed in utero were reviewed to determine the 
spectrum of prenatal sonographic findings, associated congenital anomalies, and clinical 
“outcome. 


The frequency and management of uterine perforations during 406° 
first-trimester abortions 


Steven G. Kaali, MD, Ivan A. Szigetvari, MD, PhD, and George S. Bartfai, MD, PhD 
Dobbs Ferry, New York 


-Birstetrimester abortions combined with laparoscopic sterilizations indicate that the rate of 
unsuspected uterine perforations is manyfold higher than previously believed, and observation 
rather than further surgery is suggested 


Histologic and immunologic study of uterine biopsy tissue of women with 409 
incipient abortion 


Magdy Michel, MB, MRCOG, Jenny Underwood, BSc, David A. Clark, MD, PhD, FRCPC, 
James F. Mowbray, MD, FRCP, and Richard W. Beard, MD, FRCOG 
London, England, and Hamilton, Ontario, Canada 


Biopsy specimens of decidua from women with incipient first-trimester spontaneous 
miscarriage showed a morphologic change in granulated mononuclear cell populations and a 
decreased ability to release soluble immunosuppressive factors in culture. 


Randomized trial of diet versus diet plus cardiovascular conditioning on 415 
glucose levels in gestational diabetes 


Lois Jovanovic-Peterson, MD, Eric P. Durak, MSc, and Charles M. Peterson, MD 
Santa Barbara, California, and New York, New York 


Arm ergometry is a safe and efficacious form of adjunctive therapy for the gestational 
diabetic woman. 


Thrombosis prophylaxis in pregnancy with use of subcutaneous heparin 420. 
adjusted by monitoring heparin concentration in plasma 

Thomas C. Dahlman, MD, Margareta S. E. Hellgren, MD, and Margareta Blombäck, MD 

Stockholm, Sweden 


Anti-factor Xa activity can be used for monitoring the increasing need for heparin during a 
low-dose heparin regimen, but the activated partial thromboplastin time method is too 
insensitive. 


(Contents continued on page 14A) 





13A 





Contents continued from page 13A 








Early pregnancy glycosylated hemoglobin, severity of diabetes, and fetal He 426 
malformations e 
Michael J. Lucas, MD, Kenneth J. Leveno, MD, M. Lynne Williams, RN, Philip Raskin; MD, and 
Peggy J. Whalley, MD 

Dallas, Texas 


Malformation outcome among insulin-treated diabetic women was related both to early 
glycohemoglobin level and to White classification. 


Predictive value of increased plasma levels of fibronectin in gestational 432 
hypertension l 
Véronique Ballegeer, MD, Bernard Spitz, MD, Lena Kieckens, Huberte Moreau, André Van Assche; MD, and 
Désiré Collen, MD, PhD 

Leuven, Belgium 


Increased plasma fibronectin levels (>140% of normal) predict the development of gestational 
hypertension in primigravid women with a sensitivity and specificity of 95%. 


Zinc, cadmium, and hypertension in parturient women ABT 
Noam Lazebnik, MD, Betty R. Kuhnert, PhD, and Paul M. Kuhnert, PhD, MD ae 
Cleveland, Ohio 


Maternal plasma zinc, placental zinc, and the relationship between whole blood cadmium and 
plasma zinc is altered in preeclamptic toxemia but not in chronic hypertension. 


Erythrocyte cation metabolism in preeclampsia 4410 
James R. Sowers, MD, Michael B. Zemel, PhD, Richard A. Bronsteen, MD, Paula C. Zemel, PhD, z 
Mary F. Walsh, PhD, Paul R. Standley, MS, and Robert J. Sokol, MD 

Detroit, Michigan 


The relationship between blood pressure and erythrocyte cation metabolism is explored in 
black women with pregnancy-induced hypertension. 


-BASIC SCIENCE SECTION 





immunoregulatory activity in supernatants from cultures of normal human 446 
trophoblast cells of the first trimester ary 
Mrinal K. Sanyal, PhD, Charles J. Brami, MD, Paul Bischof, PhD, Edwina Simmons, MD, 

Eytan R. Barnea, MD, John M. Dwyer, MD, PhD, and Frederick Naftolin, MD, DPhil 

New Haven, Connecticut, and Geneva, Switzerland 


Placental trophoblast cells of human first-trimester pregnancy secreted an immunosuppressive 
factor in.culture, and this factor may be associated with the immunoregulation and 
maintenance of fetal allograft during early gestation. 
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-increased myometrial responsiveness to oxytocin during term and 454 
preterm labor 
R. E. Garfield, PhD, and S. Beier, PhD 
Hamilton, Ontario, Canada, and Berlin, West Germany 


“During term and preterm labor in rats, oxytocin dose-myometrial response curves showed 
increased maximal tension and steeper slopes but no change in pD2 values (i.e., sensitivity). 


CA 125 in the epithelium closely related to the embryonic ectoderm: The 462 
periderm and the amnion 

Yoshihiko Nanbu, MD, Shingo Fujii, MD, Ikuo Konishi, MD, Hirofumi Nonogaki, MD, and 

Takahide Mori, MD 

Kyoto, Japan 


: ~ In addition to the fetal coelomic epithelium—related tissues, the amnion and the periderm, 
both of which constitute the epithelia covering the amniotic cavity, produce CA 125. 


Power spectrum analysis of myometrial electromyogram and intrauterine 467 
pressure changes in the pregnant rhesus monkey in late gestation 

Hsing Wen Hsu, BS, Jorge P. Figueroa, MD, PhD, M. Barbera O. M. Honnebier, MD, 

Richard Wentworth, PhD, and Peter W. Nathanielsz, MD, PhD 

Ithaca, New York 


Power spectrum analysis of myometrial electromyogram and intrauterine pressure is used to 
distinguish and quantify contracture and contraction-type myometrial activity in pregnant 
rhesus monkeys in late gestation. 


- Pattern of human chorionic gonadotropin binding in the polycystic ovary 474, 
James Brawer, PhD, Martine Richard, MSc, and Riaz Farookhi, PhD 
Montreal, Quebec, Canada 


This study describes the histologic features and the LH-hCG binding capacity of structures 
that make up the experimentally induced polycystic ovary. 


Effect of a 48-hour intravenous A‘-androstenedione infusion on the 481 
pregnant rhesus monkey in the last third of gestation: Changes in 
maternal plasma estradiol concentrations and myometrial contractility 
Jorge P. Figueroa, MD, PhD, M. Barbera O. M. Honnebier, MD, Zbigniew Binienda, DVM, 
Jeffrey Wimsatt, DVM, and Peter W. Nathanielsz, MD, PhD 
Ithaca, New York 


Infusion of androstenedione for 48 hours into pregnant rhesus monkeys in late gestation 
"significantly elevated maternal plasma estrogen levels and was accompanied by increased 
. myometrial activity. 
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Flow cytometry of normal, hyperplastic, and malignant human : oe 4B 
endometrium o 
James G, Thornton, MD, Philip Quirke, PhD, and Michael Wells, MD 

Leeds, England 


Flow cytometric proliferative indices from endometrial hyperplasias and carcinomas correlate 
with S-phase labeling indices and tissue differentiation. 


Atrial natriuretic peptide receptors in guinea pig placentas 493 
Christos G. Hatjis, MD, and David M. Grogan, BA 
Winston-Salem, North Carolina 


In guinea pig placentas and subplacentas, the affinity of atrial natriuretic peptide receptors for 
atrial natriuretic peptide changes from 45 to 65 days’ gestation. 
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More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 


“I ti S still like walking the lent gram-negatives, and anaerobes: 


The right combination for most 


high wire, but now I have patients with common mixed 


99 infections. * 
a safe ety net. And UNASYN minimizes safety 
concerns with a reliable penicillin- 
class profile.’ (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
Expect strong support from UNASYN in the mixed 
infections* you face every day. 
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*Due to susceptible strains of indicated organisms. An antibiotic for every day 
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Join a Leader 
We’re The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 


Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 
The rewards of practice with us are substantial—excel- 
lent salary and benefit packages, company-paid retire- 
ment plan, full malpractice coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 

Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
Offers the best of big city sophistication and culture in 
an affordable, accessible living area. 

Please send your resume to: Ronald G. Potts, M.D., 
Medical Director, Ohio Permanente Medical Group, Inc., 
1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. 


PERINATAL GENETICIST 


The Department of Obstetrics and 
Gynecology at Pennsylvania Hospital 
is seeking an obstetrician with genetic 
fellowship training to join an active 
perinatal genetics program. 


Skills in second trimester amniocen- 
tesis, chorionic villus sampling, and 
Level II ultrasound are desired. 


Responsibilities include resident and 


medical student education and active 
Clinical practice with a University Ap- 
pointment at the level of Assistant Pro- 
fessor. 


Please send resumes to: 


Ronald J. Bolognese, M.D. 
Department of Obstetrics 
and Gynecology 
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symposium entitled -Lactamase Inhibitors. Progress with Ampicillin! 
Sulbactam Atlanta. December 6. 1987. p 14 (abs) 


INDICATIONS AND USAGE 

UNASYN ıs indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
(including K pneumoniae*), Proteus murabilis.* Bacteroides fragilis. * 
Enterobacter spp .* and Acinetobacter calcoaceticus * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K pneumomae*). Bacteroides 
spp. (including B fragilis). and Enterobacter spp * 

Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli, * and Bacteroides spp.* (including 8 fragilis*) 

*Efficacy for this organism in this organ system was studied in tewer than 10 
infections 

While UNASYN* (ampicillin sodium/sulbactam sodium) ıs indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER ALLERGENS. IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 

Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not Known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Orug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
presenca of glucose in urine using Clinitest “, Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™” or Testape ~) be 
used Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
troigiucuronide. conjugated estrone. and estradiol has been noted This 
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ettect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed inmice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions, height of contractions. and duration of contractions. How- 
ever itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: Theefficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 
Pain at IM injection site—16% 
Thrombophiebitis—3%o 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systermc reactions reported in less than 1% of the patients were 
itching. nausea. vomiting. candidiasis. fatigue. malaise. headache. chest 
pain. flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema, facial swelling. erythema. chills. tightness in throat substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 
Papale Increased AST (SGOT). ALT (SGPT). alkalıne phosphatase. and 
LDH 
Hematologic. Decreased hemoglobin. hematocrit. RBC. WBC. neu- 
trophils. lymphocytes. platelets and increased lymphocytes. mono- 
cytes. basophils. eosinophils. and platelets 
Blood Chemistry Decreased serum albumin and total proteins 
Renal. Increased BUN and creatinine 
Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
steroids Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN, agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.'" Not 


“J used to think only two S Not metronidazole. 
things in life were certain.” And that’s nothing to overlook— 


given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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OBSTETRICIAN 
GYNECOLOGIST 


Expanding Western Massachusetts staff model 
Health Maintenance Organization is seeking a full- 
time Board Certified/Board Eligible Obstetrician/ 
Gynecologist to join a staff of eight (8) physicians and 


six (6) midwives. 


Our multi-specialty group practice employs seventy 
(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 
ban facilities, in-patient care is provided at 900-bed 
Tufts affiliated teaching hospital. 


Attractive Pioneer Valley location with fine educa- 
tional, cultural and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
Please send curriculum vitae to: 
Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- 
tennial Highway, Springfield, MA 01118. 


Medical West 
PA Community Health Pian 
ATI A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 
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specialty: 
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The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/ Eligible physicians in the following 


Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 


A highly-competitive salary and excellent ben- 
efits complement a rewarding practice and 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 
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J Antimicrob Chemother 1986:17 463-469. 3. Crombiehaime WR. Ohm- 
Smith M, Robbie MO, et al: Ampuiciltin/sulbactam versus metronidazale- 
entamicin in the treatment of soft issue pelvic infections Am J Obstet 
yneco}987;156(Feb):507-512.4. CucharalG, Snydman D, Jacobus N, et 
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Society tor Microbiology. Miami Beach. Fla, May 8-13, 1988. 10. Wexler 
HM. Harris B. Carter WT. et al: in vitro efficacy of sulbactam combined with 
ampicillin against anaerobic bacteria. Antimicrob Agents Chemother 
1985:27:876-878. 11. Amprcillin/suibactam (Unasyn). Med LettDrugs Ther 
1987:29{August 28):79-81. 12. Hemsell DL. Wende! GD. Hemsel! PG 
Combating beta-lactamase enzyme—principal defense mechanism of 
many pelvic infection pathogens. Presented as a scientific exhibit at the 
Thirty-Sixth Annual Clinical Meeting of the American College of Obstet- 
ticrans and Gynecologists, Boston. May 2-4. 1988 13. Sentt H-H. Stigli- 
mayer R. Eibach HW. et af. Sulbactam/ampicillin versus cefoxitin in the 
treatment of obstetric and gynaecological infections. Drugs 1986; 31(suppt 
2):18-21.14. Newton ER, Gibbs RS: Treatmentol postpartum endometnitis 
A comparison of ampiciltin/sufgactam vs. gentamicin plus clindamycin 
Presented as a scientific exhibit at the Thirty-Sixth Annual Clinical Meeting 
of the American College of Obstetricians and Gynecologists. Boston, May 
2-4, 1988. 15, Gunning J: A comparison of parenteral sulbactam ampicillin 
versus clindamycin/gentamicin in the treatment of pelvic inflammatory 
disease. Drugs 1986:31(suppl 2}:14-17 16. Stromberg BV, Reines HD Hunt 
P- Comparative clinical study of sulbactam and ampicillin and clindamycin 
and tobramycin in infections of soft tissues. Surg Gyn Obstet 1986162 
575-578. 17. Kager L. Maimborg AS. Nore CE. et ai A randomized 
controlled trial of ampicillin plus sulbactam vs. gentamicin plus chn- 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions hsted below 
Skin and Skin Structure infections caused by beta-lactamase producing 
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strans of Staphylocoveus aureus. Escherichia coh. Klebsiella spp * 
including K pneumonaeti, Proteus mirabilis.” Bactercudes tragiis.* 
nterobacter spp .* and Acinetobacter caicoaceticus * 
Intra- Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia col, Klebsiella spp (including K pneumoniae’). Bacteroides 
spp. (including B. fraguis). and Enterobacter spp * 
Gynecological Intectians caused by beta-lactamase producing strains of 
Escherichia coli,* and Bacteroides spp * (including 8 fragilis?) 
*Eficacy for this organism in this organ system was studied in tewer than 10 
infections 
While UNASYN® (ampicilin so: ‘suibactam sodium} is indicated only 
for the conditions listec above. infections caused by ampicilin Susceptible 
organisms are also amenabie ta treatment with UNAS YN due torts ampiculin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not recuire the addition of another antibiotic 
CONTRAINDICATIONS 
The use af UNASYN 15 contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
UC} REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS ANO OTHER ALLERGENS HF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percestage of patents with mononucleosis who receive 
ampicillin develop askia rash Thus. ampicdiin class antibiaues should not 
be adminstered to patents with mononucleosis Is parents treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept is mind during therapy Hf supennfect: occur 
{usually mvoiving Pseudomonas or Candida). the drug shouid be discon 
tinued and/or appropnate therapy insttuted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicilin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biced levels of ampicelin and sulbactam 
The concurrent administration of aliegsurinel and ampicillin mcreases sub- 
stantially the incidence of rashes if pabents receiving both drugs as 
compared to patients receiving ampicillin alone. itis pot known whether this 
potentiation of ampiciiin rashes is due to allopurinol or the hyperurecemua 
present in these patenis There are no data with UNASYN and allopurinol 
admuustered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the mn vitro inactivation af aminoglycosides by 
the ampraliin componen ot UNASYN 
Drug/Laboratory Test interactions: Administration of UNASYN wil result 
in high unne concentrations of ampicdiin High unne cancentrations of 
ampicilin may result an false positve reactions when testing for the 
presence ai glucose im urine using Clintest’. Benedicts Solution or 
eniings Solution Rs recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Chimstix” or Testape “} be 
used. Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of totai conjugated estriol, €s- 
tnoigincuraride. comugated estrone, and estradiol has been noted This 

































ettect may aiso occur with UNASYN 
Carcinogenesis. Mutagenesis. impairment of Fertility: Lang-term stud 
(es in animals have not been perlarmed to evaluate carcinogene or mata- 

emit potential 

regnancy 
Pregnancy Category B: Reproduction studies have been per ce 
rats. and rabbits at doses up to ten (10) times the human do have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controled studies in 
pregnant women Because animal reproduction studies are not aiway 
predictive of human response. this drug should be used during pregnancy 
only it clearly needed. (See~—Drug?Laboratory Test interactions } 
Labor and Delivery: Studie: ga pigs Rave shown that intravenous 
administration of ampicillin decreased the uterine tone, fr 
contractions height of contrachens and duration of contrac 
ever. itis not known whether the use of UNASYN in humans dur 
delivery has immediate ar delayed adverse effects.on thetetus p 
duration of labor, ar increases the hkelhood that forcep 
obstetrical intervention or resuscitation af the newborn 
Nursing Mothers: Low concentrations 
excreted inthe milk: therefore, caution should be exercised wh 
is administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN have nat been estabisned 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The follawing adverse reactions have 
been reported 
Local Adverse Reactions 

Pan at IM injection site 16% 

Thrombaphlepiis--— 9% 
Systemic Adverse Reactions 
The most frequently reported adverse tractions were diarrhea os 2% of the 
patients and rash in tess than 2% ofthe nts 
i systemic reactions reported in less than 1° of the pa 
ausea. vomiting. candid: fatigue. malaise. head 
e. abdominal distens tossitis. unne 
val swelling. erythema 
pain. epistaxis and mucosal heeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug felahonss 
reported during chimical triais were 

Hepane increased AST (SGOT) ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic Decreased hemogiotin. hematocrit. RBC. WBC, neo- 

tophis. lymphocytes. platelets and increased lymphocytes. mono- 
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Renal increased BUN and creatine 
Unnalysis Presence of RBCs and hyaline casts in urine 
lowing adverse reactions have been reported with ampicsiin-class 
antinoucs and can also occur with UNASYN 
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and pseudomembranous colts 
Hypersensitivity Reactions: U 










may be controlied with antiist 
steroids Whenever such react 
unless the opman of the phys 
jatal hypersensitivity (anaphylache! seachans ca 
nediin (See WARNINGS} 

Hematologic: in addition te the adverse laboratory change 
UNASYN agranulocytosis Aas Í reported during t 
ilins AN of these reactions are usually reversible on g 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 

day than clindamycin/gentamicin or cefoxitin.“ Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard o mixed infections." 


And in some studies versus combi- 


res ults that don’t cost nation therapy, patients treated with 
UNASYN spent fewer days in 


39 
a fe ort une. the hospital.*'°"” 
So, look to UNASYN for highly 


effective, highly affordable therapy in mixed infections* 
every day. 
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For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
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the legend, not on. the -print. Original ‘magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 
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the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPD or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations, 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 
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Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 


“Response declined” will be published. As space for letters 
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published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
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Zuspan. 

Announcements. Announcements of major meetings and 
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weeks before the desired month of publication. All announ- 
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Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 
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“When breakthrough bleeding 
happened to me I was scared, 


and that's why I called my 


doctor.” 
She deserves a 
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TRELEVLEN: 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


54 less breakthrough bleeding’ 
than Ortho-Novumt 7/7/7 


Demonstrated in the largest parallel 
comparative trial of triphasic OCs to date" 


*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The physician should remain 
alert to the earliest symptoms of serious disease and discontinue oral contraceptive therapy when appropriate, Please see full 
prescribing information, a brief summary of which follows. 

+100 women randomly assigned to Tri-Levien® tablets or Ortho-Novum® 7/7/7; 50 women placed on nonhormonal 
contraception as a control. Evaluations were made at baseline and once a month for 6 months. 


One cycle of Tri-Levien® tablets moray provides: ethinyl estradiol-30 mcg/day for 6 days, 40 mcg/day for 5 days and 
30 mcg/day for 10 days; levonorgestrel- 


50 meg/day for 6 cee, 75 mcg/day for 5 daya and 125 mcg/day for 10 days. One 
cycle of Ortho-Novum® 7/7/7 therapy provides: ethinyl estradiol-35 mcg/day for 21 days; norethindrone-500 mcg/day for 
7 days, 750 mcg/day for 7 days and 1000 meg/day for 7 days. 

Ortho-Novum?® is a registered trademark of Ortho Pharmaceutical Corp. 


ò Dedicated to innovation 
C9 BERLEX in OB/GYN medicine 
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TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN®* 21 tablets—Triphasic regimen 


BRIEF SUMMARY 
Tr-Levien*—-6 brown tablets, each containing 0.080 mg of levonorgestrel (d{-)-13 beta-ethyl-17-alpha-ethiny!-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethiny! estradiol (19-nor-17c-pregna-t,3,5(10}-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg ‘evonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestre! and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic regimen). 

indications and Usage— Iri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral eontraceptives 
{0Cs) as a method af contraception. 

‘ OCs should not be used in women with any of the following conditions: 1. Thrombophiebitis or thromboembotic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or Caranary-artery 
disease, 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia, 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 









Cigarette smoking increases the risk of serious cardiovascular side affects trem eral contraceptive use. This risk increases with age and 

with heavy sinoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age, Women who use oral 
should be strongly advised act to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 

stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension, Practitioners prescribing oral con- 

tracept:ves should be familiar with the following information relating to these risks. 


1. Thrombeembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CERE] DISORDERS—-in a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers, 
MYOCARDIAL INFARCTION—-An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected. that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient wasan OC user or 
not, OCs, however, were found to be a clear additional risk factor. in terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predispos:ng condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount at smoking is also an important factor. in determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration, The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified: it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent, 
RISK OF DOSE~-in an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 meg or more of estrogen were associated with a higher risk of thromboembolism than these vontaining 
50-80 meg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs accarding to age. 
smoking habits and duration of use. The overall excess death rate annually from Siculatany diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34 5/100,000; ages 35-44... 33/100,000; ages 45-49- 140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. it was not 
possible, however, to examine the interrelationships of age. smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
Continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception, The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth contro! is tow and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g, thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis) Should any of these occur or be suspected, the drug should 
be discontinued immediately. A tour-to-six-fold increased risk of postsurgery thromboembolic complications has heen reported in OC 
users. ff feasible, OCs should he discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
thromboembolism or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS. Findings from one study in Great Britain involving cerebrovascula: disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCS 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in foxmer OC users 
for at least six years after discontinuation. In the U.S, study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are incons:stent with other published information. 
2. Ocular Lesions; There have been reports of neuro-ocutar lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papiltedema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma: Long-term continuous administration of either natura! or synthetic estrogen in certain animal species :ncreases the 
frequency of carcinoma of the breast, cervix, vagina and liver Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. in humans, three case-control studies 
have reported an increased rish of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk:factors tor 
adenocarcinoma of the endometrium (e.g.. irregular bleeding at the time OCs were first given, polycystic ovaries), nearly ail occurred in 
women who had used a sequentiat oC These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study, however, while atso noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC usars with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care it they elect to use OCs. 
4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study shawed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 ormore years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain ang tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 
5. Use in or immediately Preceding Pregnancy, Birth Detects in Offspring and Malignancy in Female Offspring: The use of temale sex 
sormones— bath estrogenic and progestational agents——during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethylstilbestrol. a nonsteroidal estrogen, have an increased risk of developing in tater life a 
‘orm of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
mposures of less, Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
nalignancy such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high perceatage of such 
posed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
listologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
fevelop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens. it cannot be 
wesumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
lefects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.]-told 
ncrease in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests tor pregnancy 
w attempted treatment for threatened abortion). Some of these exposures were very short and invoived only a few days of treatment. 
‘he data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
emale sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is-considerable 
widence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that arogestogens 
we effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
rom women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It 
tecommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out hefore continuing. Ht 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first miss 
period and further use of OCs should be withheld until pregnancy has been ruled out. It pregnancy is confirmed, the patient should 
apprised of the potential risks to the fetus, and the advisability af continuation ef the pregnancy should be discussed in the light 
these risks. It is aiso recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form 
contraception for a period of time before attempting to conceive, Many clinicians recommend 3 months, although no preci 
information is available on which to base this recommendation. The administration of progestogen-only os progestogen-estrog: 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6, Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens, 
one study, an increased risk appeared after 2 years of use and doubled after 4 or $ years of use. In one of the other studies, ; 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage 
patients on OCs. For this reason, prediabetic and diabetic patierts should be carefully observed while receiving OCs. An increase 
triglycerides and total phospholipids kas been observed in patients receiving OCs. Three studies have been performed with the T 
Levlen Tablets (Levonorgestrel and Ethiny! Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lip 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of the: 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertensic 
may occur within a few months of beginning OC use. in the first year of use, the prevalence of women with hypertension is low in use 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however with tonger exposur 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated wi! 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely 
develop elevation of blood pressure when given OCs, Hypertensicn that develops as a result of taking OCs usually returns to norm. 
after discontinuing the drug. 
9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. | 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. 1 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule ot 
pregnancy or malignancy. H pathology has been excluded, time or a change to anather formulation may solve the problem. Changing | 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessar 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea ( 
young women without regular cycles may have a tendency to remain anovulatory or to become amenortheic after discontinuation t 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive method: 
Post-use anovulation, possibly prolonged. may aiso occur in women without previous irregularities. 
IL. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding: OCs given in the postpartum period may intartere with lactation. There may be a decrease in the quantity an 
Quality of the breast milk. Furthermore, a smal! fraction of the hormonal agents in OCs has been identified in the milk of mother 
receiving these drugs. The effects, if any on the breast-ted child have not been determined, If feasible, the use of OCs should b 
deferred until the infant has been weaned. 
Precautions-——GENERAL—-1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatmen 
and periodic physical examinations should include special reterence to blood pressure, breasts, abdomen and pelvic organs 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for tonger than I yea 
without another physical examination and PAP smear being pertormed. 2. Under the influence of estrogen- progestogen preparations 
preexisting uterine leiomyomata may increase in size, 3. Patients with a history of psychic depression should be carefully observed ani 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs shoult 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring. in patient: 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac o 
renal insufficiency 5, Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice whil 
receiving OC therapy, If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroit 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in suci 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency, The clinical significance of this is yet to bi 


@ determined. 8. Serum folate levels may be sed by OC kering Simce the pregnan 

y woman is predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it is possible that if a woman become: 

pregnant shortly after stopping OCs, she may have a greater chance of developing fotatt 


Levonorgestrel and ethinyl estradiol tablets— 
Triphasic regimen 


ciency and complications attributed to this deficiency. 9. The pathologist should be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-containing 
OCs: a. Increased suifobromophthalein retention, b. Increased prothrombin and factors 
Vil, VIN, IX and X; decreased antithrombin 3. increased norepinephrine-induced platele! 
aggregability. c. Increased thyroid-binding ponin (TBG) leading to increased circulat- 
ing total-thyroid hormone. as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay Free T3 resin uptake 
k beetle refeeting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
o metyrapone test. 
information tor the Patient---See Patient Package Labeling 
Orug Interactions —-Raduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 
Pragnancy—Pregnancy Category X. See “Contraindications” and “Warnings.” 
i] Mothers——-See “Warnings.” 
Adverse Reactions.An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
Warnings”): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebrai thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease. benign hepatomas, congenital anamalies. 
There ts evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much fess frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting: change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treatment; temporary infertility after discontinuance of treatment, edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion: possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic): mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis, change in corneal curvature (steepening): intolerance to contact lenses, 
The following adverse reactions have been reported in users af OCs, and the association has been neither confirmed nor refuted ; 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss ef scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome, 
Acute Overdose—-Serious ili effects have not been reported following acute ingestion of large doses of OCs by young children, 
Overdosage may cause nausea, and withdrawal bleeding may occur in temales. 
Dosage and Adstinistration—- To achieve maximum contraceptive eftectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets-—-Triphasic Regimen} must be taken exactly as directed and at intervals not exceeding 24 hours. Ut Tri-Levien is first taken 
later than the first day of the first menstrual cycle af medication or postpartum, contraceptive reliance should nat he placed on it until 
after the first 7 consecutive days of administration. The possibility.of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses | or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tadlet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information in pachage insert. 60611 5/86 
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Clinical Opinion 


Missed abortion: Still appropriate terminology? 


Gabriella Pridjian, MD, and Atef H. Moawad, MD 
Chicago, Illinois 


The term missed abortion has been in the obstetric literature more than 100 years. With ultrasonographic 
evaluation of early pregnancy, its textbook definition (death of a fetus without its expulsion for =8 weeks) 
is rarely fulfilled. Yet the term missed abortion is still extensively used today with regard to early 
pregnancy losses: We recommend its abandonment and in its place the use of the following terms: first 
trimester intrauterine fetal death, second trimester intrauterine fetal death, and anembryonic gestation, 


(Am J Osster GYNECOL 1989;161:261-2.) 
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In 1847 Henry Oldham coined the term missed labor 
to describe the situation in which there was death of 
the ovum without its expulsion in a pregnancy of >28 
weeks’ gestation. In 1878 J. Mathews Duncun intro- 
duced the term missed abortion in the Medical Times and 
Gazette to describe a similar situation in which the ges- 
tation was <28 weeks.’ The term missed labor has been 
appropriately lost as obstetrics has developed into a 
more exact science. However, the term missed abortion 
is still widely used today. TeLindes’ Operative Gynecology 
defines missed abortion as a dead fetus retained for =8 
weeks, or a “prolonged period.” Comprehensive Gyne- 
cology defines missed abortion as fetal death before 20 
weeks’ gestation without expulsion of any fetal or ma- 
ternal tissue for =8 weeks thereafter.’ The term was 
coined in an effort to describe the process of expulsive 
forces exerted on the conceptus. A missed abortion is 
a clinical diagnosis made when there are no expulsive 
forces exerted for a prolonged period of time after the 
death of the conceptus. The remainder of the spectrum 
of expulsion are threatened, inevitable, incomplete, 
and complete abortion. 

Before the advent of ultrasonographic techniques, 
the clinician used lack of growth of the uterus as one 
of the major clinical signs of death of the fetus, and 
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waited a “prolonged period” to ascertain the diagnosis. 
The use of the:term missed abortion today is confusing 
because ultrasonographic evaluation can assess the sta- 
tus of the conceptus in a much shorter period of time. 
“Missed” in modern obstetrics implies that the physi- 
cian could have made the diagnosis earlier, but did not. 
There should no longer be instances in which missed 
abortion is diagnosed or pregnancy evaluation is de- 
layed to make the diagnosis. Nor should the term be 
misused. For example, a patient at 10 weeks’ gestation 
with an ultrasonographic diagnosis of a nonviable fetus 
cannot be considered to have a missed abortion, by 
definition, because 8 weeks or a prolonged period has 
not passed since death of the fetus. 

Early pregnancy loss can be a devastating emotional 
event for a woman and her partner. When possible 
signs and symptoms of an early miscarriage are evident, 
evaluaton of the integrity of a first trimester pregnancy 
should be done expeditiously. Ultrasonography should 
be performed at the first prenatal visit if the size of the 
uterus is smaller than dates, if pregnancy has been as- 
sociated with significant spotting, bleeding, or cramp- 
ing, or if at =8 weeks’ gestation no fetal heart tones 
are heard with Doppler. 

It is no longer appropriate to delay diagnosis of a 
nonviable conceptus until the next visit to determine 
whether there is growth of the uterus. In our institu- 
tion, as in others, transvaginal ultrasonography is per- 
formed for first trimester pregnancy evaluation if the 
transabdominal scan is unsatisfactory. Advantages to 
the transvaginal approach include higher resolution, 
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Obstetrical Ultrasound (at 27.5 weeks*) 
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fetus} intrauterine 
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*Repeat scan may be needed for diagnosis if gestational age 
is unsure, < 7.5 weeks or crown rump length <15 wm. 


Fig. 1. Nomenclature of early pregnancy status based on transabdominal and, if needed, transvaginal 


pelvic ultrasonography. 


especially in obese patients, and minimal preparation 
or patient discomfort, as the maternal bladder need not 
be full. If by ultrasonography, there is no fetal heart 
activity yet the fetus has a clearly visible body >15 mm, 
or if dating is excellent (infertility patients) and there 
is no fetal heart motion at =7.5 weeks’ gestation, a “first 
(or second) trimester intrauterine fetal death” is diag- 
nosed. The diagnosis of an “anembryonic gestation, 
empty sac” or “anembryonic gestation, molar preg- 
nancy” is made when at =7.5 weeks there is no fetus 
(Fig. 1). 

When nonviability of a pregnancy is ascertained, a 
dilatation and curettage procedure should be promptly 
scheduled. Delay of evacuation of the intrauterine con- 
tents may lead not only to hemorrhage and infection 
during spontaneous abortion, but also to undue an- 
guish by the parents. 

Even in instances in which the patient is seen late in 
pregnancy, the term missed abortion is not informative. 
For example, if a patient at 16 weeks’ gestation by ac- 
curate last menstrual period is found to have a much 
smaller uterus on examination and a fetus without 
heart motion by ultrasonography, biometric measure- 
ments should be done to date the fetus in an effort to 
' evaluate when the death occurred. A diagnosis of first 
trimester or second trimester fetal death may be 
made on the basis of biometric fetal measurements. If 
no fetus is found, a diagnosis of anembryonic gestation 
is much simpler and more descriptive. (Although the 
conceptus is, by definition, considered an embryo until 
8 weeks after fertilization, or 10 weeks after the last 
menstrual period, for simplicity we have elected to use 
the term firsi-trimester fetal death to include death of both 
embryo and fetus in the first trimester.) i 


The study of the causes of early pregnancy loss may 
benefit if in the medical record the diagnosis is more 
precise. It may be that certain chromosomal comple- 
ments are associated with anembryonic gestations 
(polyploidy), whereas others are more associated with 
intrauterine fetal deaths. Maternal factors such as uter- 
ine anomalies or fibroids may be more associated with 
first trimester fetal death, whereas external factors such 
as infection may be more associated with aniembryonic 
gestations. This information may help us to better 
counsel patients after they experience a pregnancy 
loss, especially when the chromosome studies are not 
available. 

In summary, the term missed abortion should be aban- 
doned for more accurate descriptions of early fetal 
losses. We recommend the use of the terms anembryonic 
gestation (empty sac or molar pregnancy), first-trimester 
intrauterine fetal death, or seconc trimester intrauterine fetal 
death, diagnosed by ultrasonography to be used in its 
place. 
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Multidisciplinary team counseling for fetal anomalies 


Robert P. Lorenz, MD,” and Margueritte H. Kuhn, MD” 


Royal Oak and Detroit, Michigan 


Prenatal management of fetal anomalies requires a cooperative effort of the family, obstetrician, 
ultrasonographer, neonatologist, pediatric subspecialists, nursing staff, geneticists, and social workers. Our 
approach to these patients is to convene all team members and the family shortly after an anomaly is 
identified to review the diagnosis, prognosis, plans, and alternatives. Team counseling offers a clear 
definition of the problem, avoids unnecessary confusion and anxiety for the family, and provides a 
supportive environment during this family crisis. Our experience with 28 families has been favorable and is 


described herein. (Am J Osstet GYNECOL 1989;161:263-6.) 
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In 1961 Solnit and Stark! described the birth of a 
defective newborn as “the sudden loss of the baby that 
was expected, and sudden birth of a feared, threat- 
ening, anger-evoking child.” Davidson? described the 
parental reaction to the live birth of a child with an 
anomaly as “death of the wished for child.” Irvin et al. 
described the stages of response as shock, denial, sad- 
ness and anger, equilibrium, and reorganization. 

With recent advances in ultrasonography and pre- 
natal genetic testing, a previous pediatric problem is 
increasingly becoming the responsibility of the obstetric 
team. The identification of a fetal anomaly is a devas- 
tating family crisis that shatters the usual expectation 
of a normal pregnancy, birth, and subsequent care of 
a healthy newborn. The psychologic response to the 
ultrasonographic finding of a fetal anomaly is similar 
in some to the birth of a newborn with an anomaly, 
with elements of shock, denial, anger, and disorienta- 
tion. When a fetal diagnosis is established remote from 
delivery, the additional burden of prolonged antici- 
pation and uncertainty combined with the lack of op- 
portunity to directly bond with a visible child requires 
the full support of the medical team and the extended 
family. 

There have been significant improvements in the 
ability to identify, intervene, and maximize outcome for 
the fetus with an anomaly. Management of pregnancies 
complicated by fetal anomalies is often best treated at 
tertiary perinatal centers with the resources and the 


subspecialist teams to assist in these rare problems. In - 


the past such problems were managed by an obstetri- 
cian who would request consultation and then transfer 
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care of the fetus to the pediatric team after birth. The 
family would meet the consultants and pediatric team 
when the neonatal care began. In cases with complex 
fetal problems, the family would meet several physi- 
cians, nurses, and support personnel, often for the first 
time during an emergency when urgent decision mak- 
ing was necessary. This “linear” or “sequential” model 
of one-on-one interactions (Fig. 1) typically may involve 
the following at different and sequential times: ultra- 
sonography, a visit with the obstetrician, repeat ultra- 
sonography, another visit with the obstetrician (or 
his/her associate), a consultation with the maternal- 
fetal medicine specialist, another visit or discussion with 
the obstetrician, a consultation with the relevant pe- 
diatric subspecialist, antepartum fetal testing (e.g., non- 
stress tests), admission for labor and delivery, care by 
a neonatologist and nursing team, further consultation 
and possible surgery in the newborn period, and meet- 
ings with social workers, clergy, and others. Meanwhile, 
the professionals who are involved are reviewing in- 
formation and discussing differential diagnoses, prog- 
nosis, recommendations for testing and management 
(e.g., timing and mode of delivery). These professional 
discussions are usually also one-on-one, involving one 
member (e.g., one obstetrician in a group of four as- 
sociates) of each group involved. In addition, the pa- 
tient relays the information from her visits to her part- 
ner and often to her other children, her close friends, 
relatives, and clergy. These family support members 


_ have usually not accompanied the patient to most of 


her visits in the above sequence. Schematically, it is not 
unusual to have a total of 72 or more one-on-one con- 
versations among interested parties before resolution 
of the clinical problem (Fig. 1). 

As the number of individual conversations increases 
over the extended time of the patient’s workup and 
consultation process, the probability of unnecessary 
confusion and anxiety (in addition to the inevitable con- 
fusion and anxiety: that such a diagnosis carries) rises 
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7 & 7 = 72 conversations 


Fig. 1. One-on-one conversations in sequential management model. MFM, Maternal-fetal medicine; 
NEON, neonatologist; NURSE, neonatal nurse; OB, obstetrician; Soc.W, social worker; SURG, pe- 
diatric surgeon consultation; US, ultrascnography; VSH, repeat or level II ultrasonography. 


Table I. Multidisciplinary team members 


Team members Nož 








Physicians 
Primary obstetrician 10 
Maternal-fetal medicine consultant 28 
Ultrasonographer 20 
Neonatologist 20 
Pediatric cardiologist 3 
Pediatric geneticist 8 
Pediatric infectious disease. consul- 1 
tant 
Pediatric neurosurgeon 6 
Pediatric surgeon 8 
Pediatric urologist 8 
Resident 28 
Nursing staff 
Neonatal intensive care unit nurse 1 
Perinatal nurse specialist/coordinator 6 
Other 
Cytogenetics specialist 3 
Reproductive genetics counselor 17 
Social worker 26 








*Number of times each member participated in 28 confer- 
ences. 


dramatically. In addition, the likelihood of full under- 
standing and agreement among all the professionals 
involved is reduced when one-on-one conversations are 
the primary mode of planning. Usually someone not 
involved in these discussions (e.g., nurses, obstetrician, 
or pediatric surgeon’s partner on call) becomes in- 
volved in care without full prospective understanding. 


Thus the sequential method of management is not . 


the best method to provide a coordinated, supportive, 
and clear plan to a family facing the crisis of a diagrosis 
of a fetal anomaly. 


Model of multidisciplinary team counseling 

Multidisciplinary team counseling for fetal anomalies 
is a coordinated meeting of caregivers and the family 
to discuss differential diagnoses, prognosis, and rec- 
ommendations for care. Principal elements include a 


conference among the professionals, a conference with 
the family, and a written report. When a fetal anomaly 
is first identified (usually by ultrasonography, occasion- 
ally by cytogenetic studies), the attending obstetrician 
is immediately informed and offered the assistance of 
the team. Within 24 to 48 hours appropriate members 
are assembled for team counseling. If subsequent di- 
agnostic studies later in pregnancy or patient concern 
warrants a second counseling session, the same mem- 
bers are reassembled with the family. 

Professional conference. Before the conference, a 
complete review of the prenatal record, genetic his- 
tory, history, and physical examination by the maternal 
fetal medicine consultant occurs. Then the family waits 
in a separate area while the case is presented to the 
assembled team (see Table I). The ultrasonographic 
images and reports.are presented and discussed. After 
discussion, a consensus is reached with regard to dif- 
ferential diagnoses, range of prognosis, and recom- 
mendations for further testing and therapy (e.g., tim- 
ing and mode of delivery, possible neonatal surgery). 
Then the members delegate the topics that each will 
discuss when the family joins them. 

Team meeting with family. Before the meeting, the 
family is informed of the names and responsibilities of 
the team members and the purpose of the meeting. 
Questions are encouraged. 

The family joins the conference and sits together 
near the obstetrician. The obstetrician introduces the 
other team members and may act as the conference 
leader. Ultrasonographic results are presented, and 
each team member reviews the assigned topic and de- 
scribes his or her role in subsequent care. The patient 
and her family then can ask questions of anyone pres- 
ent. The family is offered a visit to the neonatal inten- 
sive care unit after the conference. The family is given 
a list of the team members, their departments, and 
phone numbers for future reference. 

A written summary of the complete history, physical 
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Table II. Types of fetal anomalies* 


System | n 


Amniotic fluid 
Cardiac 

Central nervous system 
Cleft palate 
Cytomegalovirus 
Cystic hygroma 
Cytogenetic 

Growth abnormality 
Hydrops 

Renal 

Ventral wall defect 


TOTAL 





ois 


Blane eee ow) 


*Many fetuses had more than one finding. 


examination, ultrasonographic findings, conference 
participants, discussion, and conclusions related to di- 
agnosis, prognosis, plan, and counseling session is sent 
to the obstetrician, all members of the team, and all 
inpatient units (e.g., delivery room, neonatal intensive 
care unit) where the family will receive care. 


Results 


During the development of this program (1985 to 
1987) there were 104 (0.6%) newborns delivered at 
William Beaumont Hospital who were admitted to the 
neonatal intensive care unit with congenital anomalies. 
Of these newborns, 30 (29%) died in the newborn pe- 
riod. Many patients did not have prenatal diagnosis of 
the congenital anomaly. 

This report describes the approach used for 28 fam- 
ilies who had multidisciplinary team counseling for fe- 
tal anomalies (Table II). Family participants varied in 
number from one (one case when the patient came 
alone) to five. Grandparents of the fetus were the most 
frequent participants in addition to the partner. Profes- 
sional participants varied in number from four to nine. 
The primary obstetrician was on staff at our institution 
in 23 cases; in 10 cases (43%) he or she was a participant 
in the conference. Of the five cases referred from other 
institutions, three had care transferred to our center 
subsequent to the conference. The combined confer- 
ences last an average of ] hour. 

Of the 14 cases diagnosed before 24 weeks’ gestation, 
twelve chose pregnancy termination. Three of the 16 
ongoing pregnancies ended in fetal demise, and two in 
death in the first month of life. 

Follow-up included postpartum visits by members of 
the team, ongoing counseling by the Perinatal Loss Ser- 
vice after a death, and subsequent genetic counseling 
in many cases, Further follow-up information was re- 
ceived from the primary obstetrician in some cases. 

Reactions to this approach from the patients and 
their families has been overwhelmingly positive. Pa- 
tients and their families are impressed with the assem- 
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Table III. Sequential versus multidisciplinary 
team counseling 





Difficulties with sequential visits 
„Many individual visits with different professionals 
Delays between each visit 
Partner may not always be present 

Benefits of team visits 
Fewer visits 
Rapid resolution 
Patient, partner, and family hear all input together 
All professionals hear each other’s input simulta- 

neously 

All professionals hear everything patient hears 
One written plan 





bled team who are prepared to help their baby. Instead 
of being intimidated by a large group of strangers, the 
patients and their families perceived the team confer- 
ence as reassuring and helpful. In our experience, they 
seem more prepared for the subsequent birth than pa- 
tients who underwent sequential management. When 
the fetal prognosis is poor, the grief process seems to 
proceed more smoothly when this thorough initial team 
conference is the beginning. Fewer patients have 
sought a second opinion since this program began, 
which we believe reflects a better understanding and 
acceptance of the problem and plan. When second 
opinions are requested, the provision of the written 
record of the multidisciplinary team counseling helps 
to introduce the second opinion team to what has ac- 
tually occurred, further reducing the potential for con- 
fusion. 

Professionals find the conference format educa- 
tional, and a direct and simple way to analyze a complex 
problem and decide on a plan. They can all hear what 
the family hears, and observe their reactions and ques- 
tions. It saves time for everyone because patients are 
less likely to initiate extra telephone calls and visits to 
review information. The written report is a tremendous 
aid in subsequent management and counseling. 


Comment 


Sequential counseling versus multidisciplinary team 
counseling for fetal anomalies is compared in Table III. 
The latter offers a more rapid response and formu- 
lation of a consensus plan, which is most helpful to the 
family. It removes the family perception of differences 
of opinion (or openly clarifies what the differences are) 
among the professionals who will be involved in peri- 
natal care. It provides an opportunity for the family to 
meet in advance the people who will be caring for their 
child, before critical decision making is necessary. It is 
a useful eductional tool for all members of the team 
and provides updates on all aspects of an approach to 
fetal anomalies. It provides a supportive group of 
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knowledgeable family members and professionals to 
help the patient and her partner in a time’ of crisis. 
Sixty-one percent of the cases described ended in preg- 
nancy termination, fetal death, or neonatal death. In 
these cases, the team management conference becomes 
a central element in management of perinatal grief. 
The grief process is supported by the presence of well- 
informed family members and the professional team. 

Principles of counseling families with a newborn with 
an anomaly * and with a perinatal loss*? have been 
previously addressed. Families should be openly coun- 
seled together soon after the diagnosis, in a setting that 
is private and unhurried. professionals involved in- 
clude a perinatologist and a chaplain or social worker? 
for perinatal loss and the pediatrician and a physician 
in training® for the newborn with a congenital anomaly. 
For the family of a fetus with a fetal anomaly, we believe 
a larger group for the initial management conference 
is more beneficial. Subsequent grief counseling after a 
death is assigned to one member. of the initial coun- 
seling team. 

Ideally, the primary obstétrician is involved ir. the 
counseling session. As the person chosen by the patient 
to assist her with her pregnancy and birth, he or she 
represents a trusted and familiar figure ina time of 
uncertainty, fear, and axiety. In the first few years of 
this program, the obstetrician was able to and chose to 
participate in 43% of the conferences. Participation in- 
creased in the later years as obstetricians understood 
the team conference and its benefits. In many cases, 
schedules did not permit participation of all members 
of the team, or the obstetrician, in these hastily assem- 
bled conferences. It is understandable that some ob- 
stetricians chose not to participate in a setting of an 
unfamiliar fetal problem and in a format of a group 
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session. Such a farmat may be uncomfortable for some 
physicians who have been trained and are more com- 
fortable in a one-on-one patient interaction in an office 
setting. On the positive side, obstetricians who have’ 
participated are enthusiastic about the format, and 
many of them now utilize it and participate when clin- 
ical circumstances warrant this approach. 

- Multidisciplinary team counseling requires effort on 
the part of the members, flexibility in making schedule 
changes to participate, and time. In our experience, the 
effort is worthwhile and results in better coordination 
of care and more effective support of the family. We 
believe this is truly a “better mousetrap,” and encourage 
others to adapt it to their management of fetal'anom- 
alies, as well as pursue formal studies of its effectiveness 
compared with other approaches to fetal anomaly 
counseling and management. 
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Breast disease programs in obstetrics and gynecology: A plea 


for training in mammography 


Norbert Gleicher, MD 
Chicago, Illinois 


Obstetrics and gynecology residency programs have started to integrate structured breast disease 
teaching programs into the curricula. | suggest that mammography training should be the cornerstone of 
programs on the diagnosis of breast diseases. The implementation of such a program into a teaching 
department is described in an attempt to facilitate similar efforts elsewhere. (AM J OBSTET GYNECOL 


1989;161:267-70.) 


Key words: Mammography, breast disease, medical education 


Recommendations by a variety of professional bodies 
have mandated the establishment of teaching programs 
for the diagnosis of breast diseases within departments 
of obstetrics and gynecology. Although this mandate 
was primarily directed at residents within approved ob- 
stetrics and gynecology residency programs and could 
have been fulfilled through elective periods and other 
forms of cooperation outside the departments of ob- 
stetrics and gynecology, our department decided to de- 
velop its own intramural program. The following is 
a description of the program development process 
through its inception, planning, and implementation 
phases. From the subsequent comments it will be ap- 
parent that my strong preference lies with programs 
within obstetrics and gynecology departments and not 
in efforts outside the department. It is hoped that the 
subsequent pages will convince others of this viewpoint 
and will help to facilitate the necessary implementation 
process elsewhere. 


Historical perspective 


Little doubt can exist that the female breast is a re- 
productive organ. In that function it represents the 
only reproductive organ outside the treatment perview 
of our specialty. Except for some minor geographic 
exceptions, diagnostic as well as surgical management 
of breast disease has in this country become exclusively 
the territorial property of radiologists and surgeons. 
This is despite the fact that gynecologists more than 
any other medical specialty serve as primary care pro- 
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viders to women, perform breast examinations, and 
diagnose breast disease, inclusive of carcinoma. 

Although it is most frequently the gynecologist who 
first faces breast pathology, it is usually the radiologist 
who performs diagnostic procedures of mammography 
and breast ultrasonography and the surgeon who ob- 
tains biopsy specimens and operates when required. 
The patient by that time has seen three physicians, has 
made three appointnients, and has waited in three wait- 
ing rooms. She also, in a way, has been abaridoned by 
the primary physician responsible for her reproductive 
health, her gynecologist. 

The concept of preventive screening was invented in 
our specialty when Papanicolaou developed the Papa- 
nicolaou smear in an attempt to decrease the incidence 
of invasive carcinoma of the cervix.’ Large scale Pa- 
panicolaou smear screening has reduced the annual 
incidence of newly diagnosed invasive carcinomas of 
the cervix by 50%.° Quite correctly, the American Col- 
lege of Obstetricians and Gynecologists objected to ear- 
lier recommiendations by the American Cancer Society, 
which had suggested that low-risk patients did not re- 
quire an annual Papanicolaou smear.” A very strong 
argument for annual Papanicolaou smears was the con- 
comitant physical examination that, it is hoped, is in- 
clusive of a breast examination. 

At present approximately 110,000 new cases of 
carcinoma of the breast occur annually in the 
United States. Approximately 37,000 women die an- 
nually from the disease.* European studies have con- 
clusively demonstrated that routine mammography 
screening can reduce mortality from breast cancer 
=60%.* © To the gynecologist this should not come as 
a surprise. After all, we invented the concept of pre- 
cancerous lesions.' As with most other tumors, survival 
after breast cancer correlates closely with tumor size at 
time of diagnosis.” Because mammography can detect 
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breast cancer of nonpalpable size, mammography can 
and should be seen as the “Papanicolaou smear” o? the 
breast. This concept has been recognized and has been 
the basis for broadly based screening recommendations 
formulated by various medical organizations and en- 
dorsed by the American College of Obstetricians and 
Gynecologists as early as 1979.8 


_ Why the gynecologist? 

If one accepts the notion of wide-scale mammcgra- 
phy screening, then one has to address practicality, ef- 
ficiency, and costs of such an effort. All three of these 
issues point toward the gynecologist. Because the gy- 
necologist is usually the only health care provider 
women see on a regular (i.e., annual) basis, mam- 
mography screening should take place when and waere 
her other screening concerns (Papanicolaou smear, pel- 
vic exam, breast exam) are addressed. Such an ap- 
proach is not only logical, but also convenient for the 
patient and is the most cost-effective approach. If all 
regularly required screening processes can be com- 
bined into one visit, costs have to compare favorably 
with all alternatives. Such an approach will return the 
primary care responsibility for breast care to the gy- 
necologist and thus reestablish our specialty as the ex- 
clusive providers of female reproductive health care. 
An argument can be made that the quality of breast 
care in this country often lags behind European coun- 
tries, because no specialty has assumed primary re- 
sponsibility for the female breast. By the assumption 
of this responsibility, our specialty can potentially save 
more lives than with any other presently recommended 
screening program. 

If we accept responsibility for the diagnosis and 
proper care of female breast disease, then one hzs to 
conclude that we have to learn mammography. An anal- 
ogy to the performance of pelvic ultrasonography im- 
mediately comes to mind. Initially in the perview of 
radiologists, the logic of clinical practice has shifted 
pelvic ultrasonography increasingly toward the gyne- 
cologist. As the pelvic mass on bimanual exam requires 
ultrasonographic follow-up, so does the breast mass 
radiographically (and at times by ultrasonography). 

Residency programs are now required to provide 
curricula in ultrasonography. Both general and 3ub- 
specialty boards expect certain levels of ultrasonogra- 
phy expertise from candidates. If the diagnosis of 
breast disease is to’ be taught to our house staff, then 
mammography interpretation needs to be taught im- 
mediately after instruction of proper breast examina- 
tion and long before breast biopsy and other surgical 
issues become relevant. 

Since the diagnosis of breast disease has entered our 
residency program curricula, faculty have to teach the 
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topic. In our department this was seen as an oppor- 
tunity to integrate mammography into a newly estab- 
lished breast disease program that included a dedicated 
mammography unit. 


Program development 


Establishment cf a departmental breast program was 
clearly initiated by the newly established requirements 
to teach the pathophysiology and diagnosis of breast 
disease to our house staff. In an attempt to develop a 
rational and a feasable program approach for our in- 
stitution, we concluded that we had to proceed through 
the following developmental steps: 

1. Didactic education of faculty and house staff. 
Because none of our faculty had the expertise to pro- 
vide the required ‘information, a lecture series with out- 
side speakers was scheduled over an approximately 6- 
month period. 

' 2. Program emphasis on breast examination in the 
departmental outpatient clinic. Under faculty super- 
vision, the house staff was closely inspected in the per- 
formance of breast examinations. Each house officer 
received a “breast examination card” on which attend- 
ing physicians had to certify that they witnessed 20 
correctly performed breast examinations. 

3. Establishment of a dedicated mammography unit 
for breast cancer screening. Because the institutional 
political situation did not allow the placement of this 
unit within the hospital confines, the unit (General Elec- 
tric Mammoview Mammography System, Naperville, 
Illinois) was placed in the private practice facility of the 
geographic full-time faculty group. The already avail- 
able ultrasonography unit at that site (General Electric 
RT 3600 with 7.5 linear transducer, Naperville, Illinois) 
was upgraded to allow the performance of breast ul- 
trasonography when needed in support of mammog- 
raphy. 

4, Faculty training in mammography and breast ul- 
trasonography. Faculty were sent outside the depart- 
ment for training in mammography and breast ultra- 
sonography. All faculty members who wished to receive 
“certification” to read mammograms had to attend both 
a basic and advanced mammography course offered by 
the widely respected mammographer L. Tabar. This 
requirement was not only established because of the 
noted excellence of these courses, but also to assure 
uniformity of the reading process. 

The introduction of mammography into the de- 
partment came 6 years after the establishment of pro- 
cesses that introduced obstetric and gynecologic ultra- 
sonography to faculty and house staff. Then and today, 
selected faculty members underwent training first. 
Once their level of competence reached satisfactory 
levels, senior residents were integrated into the scan- 
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Fig. 1. Mammography reading and reporting form was developed to apply standard mammography 
reading techniques to mammography reading process in department. Stepwise approach to mam- 
mography is forced on reading physician because each reading step has to be indicated separately. 
Final result of reading process is detailed description of each finding. Note that all findings indicative 
of potential malignancy and all high-risk factors in patient’s history are highlighted in red (shaded 
area). Each breast is classified in classes I to V as indicated. Classes III to V indicate biopsy rec- 
ommendation. 
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ning process. Over a 4-year period practical hands-on 
education reached the first-year residents. Over the 
past 2 years all house staff have been actively involved 
in the routine performance of obstetric as well as gy- 


necologic ultrasonography in the department. In 1987 . 


approximately 90% of all departmental scans were per- 
formed by residents with very satisfactory sensitivity 
and specificity. 

Although faculty training in mammography was not 
completed until July 1988, the education process for 
selected senior residents began in March 1988 when 
the mammography unit opened. It was expected the 
unit would perform 20 to 25 breast examinations per 
day by July 1988. Mammography reading skills are pro- 
jected to reach first-year residents by 1992. 
` To emphasize mammography as the “Papanicolaou 
smear” of the breast we developed a mammography 
reading report sheet that follows standard reading rec- 
ommendations by L. Tabar but classifies each breast in 
accordance with Papanicolaou smear classifications into 
five classes (Fig. 1). This results in a reading process 
with a clear recommendation of whether to obtain a 
biopsy specimen. 

Also a recommendation of L. Tabar,’ we decided to 
double-read each mammography study. This provided 
an opportunity to collaborate with our radiology col- 
leagues who double-read each film. Although we be- 
lieved strongly in the placement of the breast diagnosis 
program within the obstetrics and gynecology depart- 
ment, we also believed that professional teamwork be- 
tween medical disciplines was essential if the best pos- 
sible care was to be provided to patients. Double- 
reading gave the opportunity of collaboration with the 
radiology department. The performance of breast sur- 
gery established this opportunity for collaboration with 
the surgery department. By the association of one gen- 
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eral surgeon with special interest in breast surgery with 
the program, we provided the necessary surgical ex- 
pertise to the patient, and to the teaching program at 
the same time. Although three departments are thus 
involved in the breast program, its structure is clearly 
different from any other program of which we are 
aware. Not only is a clear primary responsibility estab- 
lished, but it is established within our specialty. We be- 
lieve this not only improves our teaching process for 
breast disease but, more importantly, has greatly im- 
proved medical care for our patient population. 
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Intrauterine growth retardation: Standards for diagnosis 


Robert L. Goldenberg, MD, Gary R. Cutter, PhD, Howard J. Hoffman, MA, 
Judith M. Foster, MPH, Kathleen G. Nelson, MD, and John C. Hauth, MD 
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An intrauterine growth-retarded infant is commonly defined as one weighing less than the 10th percentile 
in birth weight for its gestational age. However, because there is no standard population from which to 
derive these percentiles, the birth weights that serve as the cutoff point in various published studies may 
differ by several hundred grams at any gestational age. For this reason, we examined the studies from 
which the currently used 10th-percentile standards are derived to determine which factors may be 
responsible for the variation. In addition to obvious differences in the populations and geographic areas on 
which they were based, studies differed in how gestational age was determined, whether the gestational 
age was “rounded” or given in completed weeks, which types of infants were excluded, whether the 
studies were hospital or population based, and whether they were controlled for sex of the infant and race 
and parity of the mother. These differences in study methodology may be as or more important than the 
population differences in defining the 10th percentile cutoffs. A single national standard for intrauterine 
growth retardation would allow comparison between studies of risk factors, diagnostic tests, management, 
and long-term follow-up status of fetuses and infants with intrauterine growth retardation. (Am J OBSTET 


GYNECOL 1989;161:271-7.) 


Key words: Intrauterine growth retardation, small for gestational age, low birth weight 


Fetal growth insufficient for length of gestation is 
associated with an increased risk of perinatal mortality 
and morbidity.' Common to each investigation of in- 
fants with intrauterine growth retardation (IUGR) is a 
decision about the criteria that will define the condition, 
usually a birth weight below an arbitrarily chosen point 
at each gestational age. These cutoff points have in- 
cluded the 3rd? and 5th percentile of birth weight,” 

' 2 SD below the mean,** and the more commonly used 
10th percentile.° Since race and parity of the mother 
and the sex of the infant influence birth weight, stan- 
dards specific for these factors also have been pub- 
lished.’® It is obvious that use of different birth weight 
percentiles, or correction of the standard for race, par- 
ity, and sex of the infant have a major effect on the 
birth weights that define IUGR. However, there are 
substantial differences in the various published stan- 
dards that are defined by the 10th percentile alone. 

Because infants of certain weights will be diagnosed 
as having IUGR in some studies but not others, many 
of the IUGR-related risk factor and infant outcome 
studies are not comparable, which often leads to con- 
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flicting results. Our review, comparing the 10th per- 
centile birth weights in various reports, was undertaken 
to better understand the populations from which the 
standards were developed and the methods used to 
determine the 10th percentile values ultimately pub- 
lished. . 


Methods 


The studies reviewed were selected from those pub- 
lished in the English literature since 1963 that pre- 
sented in tabular form values for the 10th percentile 
of birth weight for gestational age. These studies were 
characterized by location, source of data, the method 
used to define gestational age, exclusions, sample size, 
patient characteristics, and the methods used to deter- 
mine the 10th percentile values. In addition, to illus- 
trate the differences for selected gestational ages, the 
actual 10th percentile values from. each of the studies 
are presented. When available, the 10th percentiles for 
boys and girls, black and white infants, and primiparous 
and multiparous women also are presented. 


Results 


The 10th percentile birth weights at several gesta- 
tional ages from the various studies are presented in 
Table I. When available, the 10th percentiles for male 
and female infants, black and white infants, and infants 
of parous and nonparous mothers are presented sep- 
arately. In addition, for each group of studies defined 
by the same sex, or inclusion of both sexes, the maxi- 
mum difference in 10th percentile birth weight be- 
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Table I. Tenth percentile birth weight values at various gestational ages 








Population 
description 





Birth weight (gm) at gestational age (wk) 


Babson et al. M,F W P,M 695 1351 2173 2602 2880 3039 

Brenner et al." M,F W,B P,M 770 1310 2130 2510 2750` 2830 

Goldenberg M,F W,B P,M 891 1381 2232 2597 2849 2959 
et al.* 

Lubchenco et al.® M,F Ww PM 860 1290 2050 2430 2630 2720 

Naeye and Dixon M,F W,B P.M 967 1534 2121 2570 2776 2778 
et al.” 

Williams et al.” M,F W,B P,M 727 1301 2229 2629 2848 2965 
Difference 272 244 182 199 250 319 

Carr-Hill and M WwW P = 1430 2147 266] 2888 2891 
Pritchard® 

Carr-Hill and M Ww M aei 1519 2277 2768 3001 2978 
Pritchard’? 

Hardy et al.” M WwW P.M -l 1510 2250 2526 2840 2966 

Hardy et al.” M B PM = 1629 2937 2471 2692 2743 

Hoffman et al.? M WwW P.M 843 1548 2259 2621 2890 3010 

Hoffman et al. M B P.M 907 1577 2227 2544 2676 2660 

Kloosterman’ M WwW P 930 1280 2090 2606 2900 3030 

Kloosterman” M Ww M 930 1380 2210 270C 3050 3190 

Lubchenco et al.® M Ww P/M 915 1320 2195 250E 2700 2730 

Miller and M WwW P -l — — ` 2846 3080 3280 
Merritt® . 

Miller and M Ww M -< — — 286C 3190 3450 
Merritt? 

Miller and M B P,M -l — — 2730 2900 3080 
Merritt® 

Milner and M Ww PM 860 1410 2230 260C 2890 2910 
Richards"! 

Thomson et al.'® M w P — 1370 2310 269C 2910 2930 

Thomson et al. M w M m 1680 2310 2750 2980 2980 

Williams et al.” M W,B P,M 762 1348 2278 2696 2944 3086 
Difference 168 400 220 355 514 790 

Carr-Hill and F W P = 1153 2154 2491 2774 2437 
Pritchard” 

Carr-Hill and F Ww M mmen 1530 2102 2631 2864 2907 
Pritchard” ' 

Hardy et al.” F WwW P,M — 1424 2180 244€ 2710 2861 

Hardy et al.” F B P.M ~~ 1533 2164 2422 2604 2646 

Hoffman et al.’ F WwW PM 758 1527 2170 244€ 2713 2802 

Hoffman et al? F B PM 788 1564 2131 2545 2592 2603 

Kloosterman’ F Ww P 810 1180 1950 250C 2800 2950 

Kloosterman? F WwW M 820 1260 * 2010 268C 2930 3050 

Lubchenco et al. F WwW P,M 870 1250 1950 2405 2630 2630 

Miller and F WwW P —_ — — 2720 2970 3170 
Merritt? 

Miller and F W M — _ — 2800 3050 3260 
Merritt® 

Miller and F B P.M ~~ — — 2650 2890 3100 
Merritt? 

Milner and F WwW P,M 830 1330 2150 2510 2770 2810 
Richards” 

Thomson et al.'ê F W P — 1310 2280 2530 2770 2780 

Thomson et al.® F WwW M — 1330 2350 2600 2830 2820 

Williams et al. FE W,B PM 678 1219 2169 2587 2817 2936 
Difference 192 4l1 400 395 458 823 








P, Primiparous; M, multiparous. 

The differences in birth weight between the highest and lowest values in studies in which the sex of the infant was similar (M 
and F, M or F) were calculated. 

* Unpublished observations. 


tween the standards at each gestational age studied is We hope to explain some of the reasons for this vari- 
presented. There are large differences in 10th percen- ation (Table II) by discussing the methods used to con- 
tile cutoff points between the various standards, with struct each set of standards. 


the differences >500 gm at some gestational ages. The most widely used birth weight standards are 
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those of Lubchenco et al.° from Denver. This study 
population consisted of 5635 live-born white infants. 
Exclusions consisted of infants with anencephaly, hy- 
drocephalus, hydrops fetalis, and maternal diabetes as 
well as all nonwhite infants. In addition, 55 infants 
thought to be too large for gestational age at delivery 
also were excluded. Gestational age was calculated from 
the first day of the last menstrual period (LMP) and 
was presented in completed weeks. As shown in Table 
I, these standards tend to be lower than the others, 
especially at later gestational ages. This difference has 
been thought, at least partially, to be a result of the 
high altitude of the Denver area. It should be noted 
that the very small number of infants studied at many 
of the gestational ages make the confidence limits 
of the cutoff points at many gestational ages very 
large. 

Brenner et al.” analyzed data from 30,772 deliveries 
at 21 to 44 weeks’ gestational age in Cleveland. The 
population was 53% white and 47% nonwhite (98% 
black). Data were analyzed from singleton births from 
pregnancies not complicated by preeclampsia, breech 
presentation, erythroblastosis, diabetes mellitus, or con- 
genital abnormalities. Gestational age was calculated 
and rounded to the nearest week from the first day of 
the last normal menstrual period. Correction factors 
for parity, race, and infant sex were calculated and 
presented, but 10th percentile measurements for these 
subgroups were not presented. 

Miller and Merritt® analyzed extensive anthropo- 
metric data on a mixed population of 6000 black and 
white infants born at The Univesity of Kansas Medical 
Center from 1973 to 1978. Their intention was not to 
do a population-based study but instead to develop nor- 
mal standards for fetal growth in a population of sur- 
viving infants devoid of risk factors for IUGR. From 
their original population of 6000, they presented data 
by parity and sex for 1200 term white infants and by 
sex for 473 term black infants. For an infant to be 
included in the study, the gestational age as determined 
by LMP, ultrasonography, maternal clinical measure- 
ments, and a newborn examination had to be in agree- 
ment. The 10th percentile standards in this study were 
considerably higher than those in other published 
studies (Table I). ' 

The fetal growth standards developed by 
Kloosterman” were also reviewed. These standards 
were constructed by investigation of 80,000 mostly 
white pregnancies in Amsterdam between 1931 and 
1965. Eight percent of those cases in which the gesta- 
tional age was unknown or uncertain, stillbirths with 
maceration, and multiple births were excluded. The 
LMP was used to determine gestational age in com- 
pleted weeks. The mean and various percentile weights 
for each gestational age were determined by use of the 
birth weight. The authors considered the differential 
effect of sex and parity (primiparous and multiparous 
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women) on birth weight and constructed curves for 
each of the four combinations of sex and parity. 

Milner and Richards"! used data from England and 
Wales to construct fetal growth curves. They chose a 
random sample of 9.7% of all births at the National 
Health Service Hospitals from 1967 to 1971. After ex- 
clusions, this sample represented 8.5% of all births at 
these hospitals and consisted of 271,519 births. Birth 
weights were analyzed at each gestational age by sex of 
the infant and maternal parity. 

Data from the Collaborative Perinatal Project of the 
National Institute of Neurological and Communicative 
Disorders and Stroke were analyzed by Naeye and 
Dixon.” These data were collected prospectively from 
12 hospitals in the United States between 1959 and 
1966. The study population consisted of 48,239 single- 
born neonates who were alive and well at 1 year of age. 
The racial distribution consisted of 46% black, 46% 
white, and 8% other. Gestational age was based only 
on the LMP; the reported gestational age was rounded 
to the nearest week. Birth weights of survivors only 
were plotted by gestational age. Cases were found to 
cluster at birth weight intervals consistent with a bi- 
modal distribution similar to that described by Milner 
and Richards."' The lowest weight cluster was chosen 
at each gestational age. 

Birth weight for gestational age data from The Col- 
laborative Perinatal Project were also reported by 
Hardy et al.” In this report, in contrast to that of Naeye 
and Dixon,” 10th percentile values were reported by 
race and sex. The population consisted of 18,481 white 
and 19,504 black singleton live-born infants with 
known birth weight. The data presented were reported 
as collected. There were no adjustments or exclusions. 
For this study, gestational age was based on the LMP 
only and was rounded to the nearest week. 

Babson et al.“ reviewed 39,895 deliveries at two ma- 
ternity hospitals in Portland, Oregon, from 1959 
through 1966. The mothers were primarily of North- 
ern European descent, lived near sea level, and received 
private prenatal care. The gestational age, rounded to 
the nearest week, was generally calculated from the first 
day of the LMP. However, in determining the gesta- 
tional age at delivery, clinical data were at times taken 
into consideration. Also all fetal deaths, multiple 
births, and nonwhite infants were excluded from 
analysis. 

In a recently published monograph, Carr-Hill and 
Pritchard present an extensive discussion of the de- 
velopment of birth weight standards. The population 
for their analysis consisted of 17,528 singleton births 
in Aberdeen from 1975 to 1980. All stillbirths and 
births from multiple pregnancies were excluded. Ges- 
tational age was recorded in completed weeks since the 
first day of the LMP, and only women with certain LMPs 
were included. They presented their 10th percentile 
data divided by sex of the infant and parity of the 
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Table II. Characteristics of studies that used 10th percentile to determine IUGR 





Author 


Lubchenco Denver, Colo. Hospital LMP only 
et al. births, No clinical cor- 
1948-1961 rection 
Completed wk 
Brenner Cleveland, Hospital LMP only 
et al. Ohio births, No clinical cor- 
1962-1969 rection 
Rounded to 
nearest wk 
Miller and Kansas Hospital LMP, ultraso- 
Merritt® births, nography, 
1973-1978 clinical dating 
and pediatric 
dating all 
agree 
Completed wk 
Kloosterman” Amsterdam, Hospital Not stated 
Netherlands births, 
1931-1965 
Milner and England and Births at Na- LMP only 
Richards! Wales tional No clinical cor- 
. Health rection 
Service Completed wk 
hospitals, 
1967-1971 
Naeye and U.S. hospitals Births at hos- LMP only 
Dixon” pitals par- No clinical cor- 
ticipating rection 
in CPP, Rounded to 
1959-1966 nearest wk 


Gestational age 
Location Source of data method Exclusions 












Characteristics 


of population 





Sample size Methods 


Nonwhites 5,635 White Percentiles read 
Anencephaly High altitude from midpoint 
Hydrocephalus Spanish 30% of week and 
Hydrops Low socio- smoothed 
Diabetics economic arithmetically 
“Too large” status 

infants 
Many clinical 30,772 53% white Percentiles 

conditions 47% black smoothed by 

Mixed socio- 2-point 
economic weighted 
status means 
All known risk 1,200 Mixed black Data presented 
factors for White and white by race, sex, 

IUGR 473 and parity 
Congenital Black 

anomalies 
Perinatal 

deaths 
Stillbirths 80,000 White “Smooth line 
Multiple births Lower socio- drawn through 
Gestational age economic original 

unknown or status crooked one” 

uncertain 
Stillbirths 271,519 White Data available by 
Multiple births Mixed socio- sex and cor- 
Births before economic rected for 
admission status’ nonnormal 
No gestational distribution 
age or birth 

weight on 

chart 
Multiple births 48,239 46% Black Cluster probabil- 
Deaths before 46% White ity plot 

age | 8% Other method con- 

trolling for 
nonnormal 


distribution 


CPP, Collaborative Perinatal Project; NCHS, National Center for Health Statistics. 


* Unpublished observations. 


mother (a total four standards) from 32 to 42 weeks’ 
gestational age. 

The 10th percentiles presented from The University 
of Alabama are calculated from a hospital-based data 
set of 4497 live births from women with a “sure” LMP 
(unpublished observations). Approximately 70% of the 
mothers were black. No exclusions were made for con- 
genital anomalies. Gestational age at delivery was cal- 
culated from a prenatally determined estimated date 
of confinement by not only the “sure” last menstrual 
period but also other clinical indicators of gestational 
age. The authors found that use of the obstetrician’s 
best prenatal estimate of gestational age resulted in a 
greater percentage of the births at 39 and 40 weeks 
and less variability of birth weight at each gestational 
age than in the “sure” LMP data derived from the same 
population. These corrections also resulted in relatively 
higher 10th percentiles at later gestational ages and 
lower 10th percentiles at the earlier gestational ages. 

All of the previously described studies utilized hos- 


pital data. It has been suggested that 10th percentiles 
of birth weight at each gestational age may differ sig- 
nificantly between hospital data and population-based 
data. Therefore it was also of interest to examine 
population-based studies for comparative purposes. 

One such study was by Thomson et al.'®° Data were 
collected from 52,004 legitimate, singleton births in Ab- 
erdeen from 1948 to 1964. Infants with congenital 
anomalies and macerated stillbirths were excluded 
from the study. Gestational age was determined from 
the first day of the last normal menstrual period and 
was classified as certain, uncertain, or unknown. In the 
uncertain group, clinical information combined with 
the LMP was used to define the gestational age. Those 
with unknown gestational ages, comprising about 10% 
of all births, were excluded. Gestational age data were 
reported in completed weeks. The data were analyzed, 
and percentiles of fetal weight were constructed by par- 
ity and sex. 

Hoffman et al.” (1968) used a 50% sample of all live 
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Gestational age 
Author Location Source of data method 


Hardy et al.” U.S. hospitals Births at hos- LMP only 


pitals par- No clinical cor- 

ticipating rection 

in CPP, Rounded to 

1959-1966 nearest wk 

Babson Portland, Ore. Births at two LMP (usually) 

et al." maternity Clinical correc- 

hospitals, tions 

1959-1966 Rounded to 

nearest wk 


Carr-Hill and Aberdeen, 
Pritchard” Scotland 


Births at one LMP only 
hospital, No clinical cor- 
1975-1980 rections 

Completed wk 


Goldenberg Birmingham, Births at two LMP sure 


et al.* Ala. hospitals, Clinically cor- 
1984-1986 rected 
Completed wk 
Thomson Aberdeen, Geographi- LMP certain 
et al.® Scotland cally based, and un- 
1948-1964 certain 
Clinically cor- 
rected 
Completed wk 
Hoffman United States NCHS 50% LMP only 
et al.’ sample of No clinical cor- 
all U.S. live rections 
births, Completed wk 
1968 
Williams Calif. State vital LMP only 
et al.” statistics No clinical cor- 
data, 1970- rections 
1976 Completed wk 





Characteristics 
Exclusions Sample size | of population 


Methods 


Multiple births 18,481 Low socio- Data presented 
Other than White economic by race and 
white or 19,504 status sex 
black Black 
Stillbirths 39,895 Private pa- Uncorrected 
Multiple births tients, 
Nonwhites mostly of 
Northern 
European 
descent 
Stillbirths 17,528 White Data presented 
Multiple births Mixed socio- by sex and 
Uncertain economic parity 
LMPs ex- status 
cluded 
Unsure LMP 4,497 70% Black 3-point weighted 
No prenatal 30% White mean 
care Low socio- 
economic 
status 
Congenital 52,004 White Data presented 
anomalies Mixes socio- by parity and 
Stillbirths economic sex 
Unknown ges- status Not smoothed 
tational age 
Multiple births 1,164,871 Mixed white Data presented 
Not white or and black by race and 
black socioeco- sex 
No LMP nomic sta- 
available tus mixed 
Inappropriate 2,265,478 59% White Cluster probabil- 
weight for live births 26% Spanish ity method 
gestational 3,738 10% Black used for cor- 
age stillbirths 5% Other recting non- 


normal distri- 
butions 





CPP, Collaborative Perinatal Project; NCHS, National Center for Health Statistics. 


* Unpublished observations. 


U.S. resident births in 36 states and the District of Co- 
lumbia in which the frst day of the LMP was reported 
on the birth certificate. Data from 1,164,871 births were 
analyzed. Exclusions included births to women not re- 
porting an LMP, births to women in states that did not 
record LMP on the birth certificate, multiple births, 
births to women not recorded as white or black, and 
births less than 20 weeks’ gestational age. In this paper, 
birth weight for gestational age percentiles, including 
the 10th percentiles, were presented for four groups 
separately by race and sex of the infant. 

Williams et al.” conducted a large population-based 
study in California with matched birth and death cer- 
tificate data. As in the article by Hoffman et al.,° the 
large sample size (2,288,806 births) allowed for eval- 
uation of confounding variables such as sex, race, and 
plurality. Infants with congenital anomalies or ante- 
natal complications were not excluded from this study. 
Gestational age was calculated from date of birth and 
date of last normal menstrual period. The 10th per- 


centiles of birth weight were calculated in weekly in- 
tervals, This study attempted to address the problem 
of inaccuracies in gestational age that result in skewed 
distributions of birth weight. The greatest effect was 
thought to be on the 90th percentile because of “heavy” 
infants who were mistakenly given low gestational ages, 
whereas the 10th percentile was believed to be only 
slightly affected. 


Comment 


One of the major difficulties in understanding the 
literature devoted to IUGR is determining which in- 
fants have been included in any particular study. Since 
IUGR is most commonly defined as a birth weight 
< the 10th percentile at each gestational age, the pop- 
ulation from which the standards are derived to define 
the 10th percentile is of major importance. However, 
in study after study the investigators appear to choose 
standards with little concerns for the relationship of 
that “standard population” to their own. In addition, 
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infants that are classified as having IUGR by one stan- 
dard are not by other standards. Therefore studies that 
evaluate risk factors for IUGR, the use of various tests 
for IUGR, and follow-up studies of infants with IUGR 
are often not easily compared, at least in part, because 
the birth weights used to define the condition at any 
gestational age are not similar. `. 

This study clearly shows that the 10th percentile birth 
weights at each gestational age from various published 
standards differ substantially, even occasionally by 
>500 gm. However, in many cases despite the apparent 
large differences, especially at the early and late ges- 
tational ages, because of very small numbers, the 10th 
percentiles may not even be statistically different®* (un- 
published observations). When real differences do ex- 
ist, it would appear that the racial composition and 
socioeconomic status of the population, the height of 
the geographic area above sea level, and which in<ants 
were excluded may influence the birth weight distri- 
bution. Equally as important, however, appears to be 
the method used to determine the gestational age. For 
example, a number of studies examined infants’ birth 
weights retrospectively and discarded some cases be- 
causé the gestational ages were not compatible with 
their birth weights, or because mathematic modeling 
made it unlikely that certain groups of infants werze of 
a gestational age in agreement with the LMP.°*"* Fu- 
rethermore, some studies rounded the gestat:onal 
age,'!*" whereas other authors presented the data in 
completed weeks."! Most used the LMP alone to deter- 
mine the gestational age at delivery, but clinical data 
were used to influence the gestational age in at least 
three studies® “ (unpublished observations). In sum- 
mary, there are so many methodologic differences be- 
tween studies that differences that do appear to exist in 
the 10th percentiles between populations may possibly 
be attributed solely to methodologic differences. Cer- 
tainly there has been. no standard method for deter- 
mining the birth weight for gestational age “standards.” 

The following discussion addresses some of the issues 
that must be settled in selecting a population and de- 
termining the methodology if a uniform set of stan- 
dards for'the diagnosis of IUGR is to be developed. 

First, the issue of whether to use separate 10th per- 
centile standards established for race, sex, and parity 
for diagnosing IUGR is a difficult one to resolve. For 
example, although it is apparent that black infants gen- 
erally weigh less than white infants, and their 10th per- 
centile cutoff points are less, ‘it is not clear that this 
difference is solely a result of less genetic potentiz] for 
growth. ‘Instead, black infants have more risk factors 
for low birth weight," including lower maternal socio- 
economic status and more instances of maternal hy- 
pertension. Therefore the issue regarding race and po- 
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tential for growth does not appear resolvable. However, 
since most U.S. studies of IUGR involve racially mixed 
populations, there are advantages to having a single 
standard that is based on a racially mixed U.S. popu- 
lation. However, in other cases the use of race-specific 
standards may be appropriate. These standards should 
be developed from the same population. 

Male newborns weigh more than females, and the 
10th percentile cutoff is higher for males than females. 
Since there do not appear to be more risk factors in 
mothers who are delivered of male infants'® and since 
female infants do not appear to be at a disadvantage 
because of their lower weight, it seems reasonable to 
use sex-specific standards. Otherwise, infants classified 
as having IUGR will includea disproportionate : number 
of apparently healthy female infants. 

Infants born to parous women are generally heavier 
than those born to nulliparous women; their 10th per- 
centile cutoffs are heavier as well. Currently it is not 
clear whether primiparous women have more or less 
risk factors for IUGR (i.e., more toxemia but possibly 
less chronic hypertension, a lower prepregnancy 
weight, etc.) or if their infants fare less well. However, 
it would appear that the genetic potential for fetal 
growth is equivalent in multiparous and primiparous 
pregnancies, but that there are factors related to the 
primiparous state itself that tend to constrict growth. 
In view of the likelihood that fetuses born to primi- 
parous mothers have more growth potential than they 
generally attain, and since most studies of IUGR are 
performed on populations of mixed parity, in most 
studies we would recommend the use of a single stan- 
dard based on a population of mixed parity for practical 
purposes. ` 

There is reasonable evidence that infants born 
to mothers residing at high altitudes have smaller 
babies, "° and some have recommended using stan- 
dards based on geographic location. Because there is 
no reason to believe that these “high altitude” babies 
have less genetic potential to grow than other babies, 
it seems reasonable to conclude that the high altitude 
is a growth retardant and should be considered a risk 
factor for IUGR. Since it is not reasonable to base stan- 
dards for diagnosing IUGR on a population at high 
risk for this condition, we would recommend that the 
standards be derived from a population whose fetal 
growth is not influenced by geographic constraints. 

‘Despite the fact that nearly all standards are based 
on LMP data alone, virtually all studies involving in- 
fants with IUGR are now reported with gestational ages 
calculated from the LMP but modified by clinical data 
and ultrasonography. It makes little sense to use ges- 
tational ‘age standards for diagnosing IUGR based on 
LMP alone when the infant’s gestational age will be 
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determined differently for most studies. Therefore we 
recommend that for the derivation of standard 10th 
percentiles, the gestational ages should be LMP-based 
but should be confirmed by early clincal and ultrasono- 
graphic data. 

When establishing standards, the issue of which in- 
fants to exclude for medical or risk factor indications 
is also difficult to resolve. Some authors, especially those 
using vital statistics data, exclude no cases.” "7 Others 
exclude some infants with congenital anomalies but in- 
clude others. Most, but not all, exclude multiple births. 
Miller and Merritt excluded not only abnormal infants, 
perinatal deaths, and multiple births, but also those 
with any known risk factor for IUGR such as smoking. 
Although there is clearly no one “right” choice as to 
which infants should be excluded in developing a per- 
centile standard for IUGR, the use of a consistent 
method is important if studies on IUGR in various pop- 
ulations are to be compared. For consistency and to 
eliminate the idiosyncratic nature of exclusions or in- 
clusions in so many studies, one obvious solution in 
developing standards would be to include all live-born 
infants born to the population evaluated. 

In conclusion, we strongly believe that there should 
be a single, clearly defined U.S. population from which 
the percentiles for defining [UGR are derived, and that 
unless there are specific reasons to the contrary, studies 
on IUGR performed in the U.S. should use these stan- 
dards. Although there is general consensus that the 
10th percentile should be used for most studies, those 
who want to evaluate greater or lesser degrees of 
growth retardation may want to use the 3rd, 5th, 15th, 
or 25th percentile. These percentiles should be derived 
from the same standard population: for consistency. 
Similarly, for researchers interested in using race- or 
parity-specific values, the race- or parity-specific per- 
centile standards should be derived from this standard 
population. 

The characteristics of the specific population on 
which the standards should be based are subject for 
debate. For example, we believe that the standards 
should be derived from a hypothetical population that 
is representative of U.S. pregnancies on the basis of 
demography, risk factors, and perinatal outcome. Ob- 
viously, there is room for discussion (and disagreement 
among the authors) about other specific decisions re- 
garding sex, race, parity, multiple birth, certain con- 
genital anomalies, etc. In addition, there are also im- 
portant decisions to be made, with regard.to method, 
such as how the gestational age should be determined 
and/or confirmed. Nevertheless, we believe that after 
appropriate discussion and compromise, representa- 
tives from appropriate decision-making groups should 
be able to reach agreement on a standard population. 
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Much of the confusion that presently surrounds 
IUGR would be eliminated if The American College 
of Obstetricians and Gynecologists, The American 
Academy of Pediatrics, The Society of Perinatal Ob- 
stetricians, and the appropriate committees of the Na- 
tional Institutes of Health, The Centers for Disease 
Control, and The National Center for Health Statistics 
could together endorse the same national standard, and 
U.S. researchers would use this single common stan- 
dard in their studies. 
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Clinical Articles 


Anal and perianal abnormalities in prepubertal victims of 


sexual abuse 


David Muram, MD 
Memphis, Tennessee 


We describe anal and perianal findings in 310 prepubertal children who were determined to be victims of 
sexual abuse; 206 (66%) had perinea that appeared normal. Abnormal findings were present in 104 
children (34%): anal gapping in 61 children; skin tags in 44; rectal tears in 33; sphincter tears in 15; 
human papillomavirus lesions in 4; perineal scarring in 2; and bite marks in 1. Normal-appearing perianal 
and anal regions were noted in 150 of 175 children (85%) who denied anal assault, and in 11 of 70 (16%) 
who described such assault. In comparison, anal and perianal abnormalities were observed in 59 of the 70 


children (84%) who gave a clear history of anal assault, but in only 25 of 175 (15%) who denied such 
abuse. Failure to document perianal abnormalities in almost two thirds of the patients demonstrates the 
limitations of the medical evaluation in validating allegations of sexual abuse. (Am J Osstet GYNECOL 


1989;161:278-81.) 


Key words: Children, sexual abuse, anus, perianal abnormalities 


Child sexual abuse is a common and serious problem 
that affects children regardless of their age, sex, socio- 
economic class, or geographic location.'? Anal assaults 
comprise a significant proportion of these attacks.® 5 
Although genital injuries are often recognized as pos- 
sible signs of abuse.** anal and perianal injuries are 
sometimes dismissed by physicians as being associated 
with common bowel disorders (e.g., constipation or 
diarrhea).°* This article describes the anal and perianal 
findings in a large group of prepubertal children who 
were determined to be victims of sexual abuse by their 
history and by the local investigative teams of Child 
Protective Services, a branch of the Tennessee De- 
partment of Human Services. 


Material and methods 


The demographics of Shelby County, Tennessee, and 
the referral patterns to the Pediatric Gynecology Clinic 
have been described in previous articles.” * Between 
Jan. 1, 1986, and April 30, 1988, the Tennessee De- 
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partment of Human Services referred 310 prepubertal 
children between the ages of 1 and 10 (163 white and 
147 black; 41 boys and 269 girls) who were determined 
by their history and the ensuing investigation by the 
Tennessee Department of Human Services to be victims 
of sexual abuse. All patients in this study group were 
examined in an office setting by the same examiner; 
this allowed consistent and uniform data collection. All 
children in the study group were prepubertal, as con- 
firmed by the medical examination. For the evaluation 
of the perianal region, the children were placed in one 
of three positions: frog-legged supine, “knee-chest” po- 
sition, or across the parent’s lap, simulating the “knee- 
chest” position. The glutei were separated so that the 
anus and perianal area could be fully inspected. In 
addition to the unaided examination, the perianal area 
was also inspected either through a Zeiss or Codman 
colposcope under X16 magnification. The area was 
inspected under regular illumination and through a 
green filter that better demonstrates vascular patterns. 
No solutions or dyes were applied to enhance visual- 
ization. The examiner recorded changes in skin color, 
texture, and all other lesions or abnormalities. 

The various perianal abnormalities observed in the 
study population were defined as follows: 

1. Inflammation—redness, swelling, tenderness of 

the perianal tissues 
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Age 


Fig. 1. Age distribution of the study group. 


2. Rash—perianal skin eruption 
3. Ulceration—loss of the superficial layer of the 
skin or mucosal surface 


4. Skin tag—excess of perianal skin raised near the 


mucocutaneous junction that could not be elimi- 
nated by stretching nearby tissues 
5. Fissure—a deep linear cleft or ulcer at the mu- 
cocutaneous line of the anus 
6. Anal gapping—relaxation of the anal sphincter 
to a diameter =1 cm when the glutei were sepa- 
rated l 
The genital abnormalities were classified into one of 
three categories, as have been previously described in 
detail’: 
1. Category 1. Normal-appearing genitalia 
2. Category 2. Nonspecific findings—abnormalities 
of the genitalia that could have been caused by 
sexual abuse but also are often observed in pa- 
tients who are not victims of sexual abuse (e.g., 
inflammation and scratching) 
3. Category 3. Specific findings—the presence of one 
or more abnormalities strongly suggesting sexual 
abuse. 


The allegations 


Many children described a complex abusive situation 
in which repetitive sexual acts were performed over a 
variable time period. In some instances, it was difficult 
to evaluate the progression of the abusive relationship, 
the time span over which the abuse occurred, and the 
number of attacks. In 175 of the 310 children (56%), 
the abusive relationship affected other areas of the vic- 


tim’s body and did not involve the anal area (e.g., oral— 
genital contact). In another 65 children (21%), it was 


impossible to ascertain from the child’s description if 


anal assault occurred. In only 70 instances (23%) did 
victims clearly describe an assault involving the anal 
area. Some were combined with genital assault (n = 
47), anal coitus alone (n = 18), or digital manipulation 
of the anal area (n = 5). 


Results 


Age distribution. The mean age of the children in 
the study group was 5.2 years (range, | to 10 years). A 
difference in age distribution by racial group was 
noted; black children were older (mean age, 5.7 years) 
than white children (mean age, 4.8 years). The age 
distribution for the entire study group is shown in 
Fig. 1. 

Findings. Two hundred and six children (66%) had 
normal-appearing perinea. Abnormal findings were 
present in 104 children (34%): anal gapping was found 
in 61 children, either as an isolated finding (n = 12), 
or in association with other findings. Skin tags were 
found in 44, either as an isolated finding (n = 21), or 
in association with other findings. Rectal tears were seen 
either as an isolated finding (n = 12), or in combination 
with other findings (n = 21). Sphincter tears were ob- 
served as an isolated finding (n = 1), or with anal gap- 
ping, rectal tears, or skin tags (n = 14). In four patients, 
perineal human papillomavirus lesions were seen; in 
two patients, perineal scarring was noted in association 
with perianal skin tags. One girl had bite marks on the 
perianal area. The findings are listed in Table I. 
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Table I. Perianal and anal findings in 
prepubertal children (V = 310) who were 
victims of sexual abuse. 


| No. of patients 





No abnormalities 206 (66%) 
Skin tags : 21 
Anal gapping, rectal tears 18 
Anal gapping 12 
Rectal tears 12 
Anal gapping, rectal tears, skin tags 7 


Anal gapping, skin tags 6 
Perianal warts 4 
Skin tags, rectal tears 3 
Rectal tears, sphincter tears 3 
Anal gapping, sphincter tears, rectal 3 
tears, skin tags 
Anal gapping, sphincter tears 3 
Skin tags, perineal scarring 2 
Anal gapping, sphincter tears, rectal 2 
tears 
Redness, irritation 1 
Redness, irritation, rectal tears l 
Sphincter tears : l 
Sphincter tears, skin tags 1 
Skin tags, redness, irritation 1 
Bite marks 1 
Anal gapping, sphincter tears, rectal 1 
tears, perineal scarring 
Anal gapping, rectal tears, proctoe- 1 
pisiotomy 


TOTAL 104 (34%) 


Normal-appearing anal and perianal regions were 
noted in 150 of 175 children (86%) who denied anal 
assault and in 11 of 70 (16%) who described anal as- 
sault. In comparison, anal and perianal abnormalities 
were observed in 57 of the 70 children (81%) who gave 
a clear history of anal assault but in only 23 of 175 
(13%) who denied such abuse. 

The anal and genital abnormalities among the chil- 
dren in this study group were correlated. Of the 310 
patients, 125 children were found to have normal- 
appearing genitalia. Seventy-one patients had category 
2 findings. Abnormalities suggestive of abuse were 
found in 114 (38%) patients. When the various geaital 
abnormalities were compared with the presence or ab- 
sence of perianal findings, children who had ana. ab- 
normalities were more likely to have normal genital 
examination (Table II). However, inclusion of genital 
findings increased the sensitivity of the medical eval- 
uation. A combination of anal and genital abnorma_ities 
was seen in 53 (17%) patients, and either genital or anal 
abnormalities were found in an additional 182 (€9%) 
patients. Only 75 (24%) patients had no abnormalizy of 
the genital or perianal regions. Even when only genital 
abnormalities highly suggestive of abuse were included 
(category 3), both anal and genital abnormalities were 
seen in 28 (9%) patients and either genital or anal ab- 
normalities were found in an additional 159 (1%) 
patients. 
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Table II. Correlation between perianal and 
anal findings and genital abnormalities 






No. of patients 


Category 1 | Category 2 | Category 3 


Genital abnormalities 


Anal abnormalities 51 22 27 
present (n = 104) 

Anal abnormalities ab- 74 47 85 
sent (n = 206) 





X = 6.314, p = 0.043. 


Comment 


Anal abuse is a common <orm of sexual assault 
against children, particularly boys.*° Although the gen- 
ital abnormalities suggestive of sexual abuse have been 
described, there is no consensus regarding which peri- 
anal or anal abnormalities are tne result of sexual abuse 
and which have other causes (e.g., constipation with 
passage of large, hard stools). Such determination may 
not be easy because the anal sphincter and anal canal 
allow some room for dilatation. A tear of the anal mu- 
cosa or sphincter rarely occurs after a digital assault. 
Penetration by a larger object may result in some degree 
of injury and may vary from a mere swelling of the 
anal verge to gross tearing of the sphincter. In the 
period immediately after penetration, sphincter laxity, 
swelling, and small mucosal tears of the anal verge may 
be observed. The swelling subsides and the mucosal 
tears heal within days; occasionally skin tags form. The 
anal sphincter regains function if it was not severed. 
Repeated acts of anal penetration over a prolonged 
period cause the anal sphincte> to become loose, form- 
ing an enlarged opening.” The diagnosis of venereal 
disease affecting the anal canal is often delayed or even 
missed, When a child is infected with Neisseria gonor- 
rhoeae, genital infection is associated with vaginal dis- 
charge and often the child is brought for medical care. 
Anal infection is often asymptomatic. Other disorders 
may cause perianal abnormalities similar to the ones 
observed in this series. Perianal abnormalities are often 
observed in children with Crohn’s disease or Hirsch- 
sprung’s disease. The anal canal gapes when the but- 
tocks are gently drawn apart in children with significant 
constipation. This is a normal anorectal reflex initiated 
by the distended rectum. Usually stool may be seen in 
the anal canal. Minor small fissures may be seen after 
defecation for 2 to 3 weeks. Reddening of the perianal 
area may be found in children with fecal soiling.” Un- 
fortunately, children who were abused often suffer 
from functional constipation and a damaged anal 
sphincter often causes fecal sciling. 

Although many patients in this study group had 
normal-appearing perianal regions, the absence of 
physical findings is easily explained. Many victims of 
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anal assault do not sustain significant physical injuries 
because the anal sphincter and anal canal are capable 
of dilatation. Penetration, even by an adult penis, may 
occur without significant injury. The pain that follows 
anal assault may cause spasm of the anal sphincter and 
result in functional constipation, thus providing an ex- 
planation of the child’s complaints of pain and rectal 
bleeding. Most children do not immediately disclose 
incidents of sexual abuse. Many victims do not have an 
examination for weeks, months, or even years after the 
abuse occurred. By then the injuries often have healed 
completely and the physical examination reveals few, 
if any, abnormalities. 

Although we were able to detect a large number of 
children with anal and perianal abnormalities, it is dif- 
ficult to conclude from this study which of these find- 
ings are diagnostic of anal abuse. The operating pro- 
cedures of the clinic identify the patients as probable 
victims of sexual abuse at the time of registration; this 
may possibly cause bias by the examiner. More con- 
trolled studies are required to identify the specific find- 
ings indicative of anal assault. The association of other 
abnormalities (e.g., signs of neglect, genital injuries, 
etc.) should raise suspicion by the examiner that the 
patient is a victim of abuse. However, abnormal findings 
should not be interpreted in isolation. The findings of 
the medical examination must be correlated with other 
methods of validation such as a history from the child. 
To conclude from the findings of the medical exami- 
nation alone that a child is a victim of abuse may cause 
enormous harm to the child and the family. ° 

As expected, children who were able to describe anal 
assault in detail were more likely to have perianal ab- 
normalities. Memory of anal assault may suggest that 
the child experienced a more intense pain and thereby 
was more likely to have been injured. Fifty-nine of the 
70 children (84%) who described anal assault had ab- 
normalities on physical examination. In contrast, the 
examination was reported as normal in most instances 
when the child denied that anal assault had occurred. 
Observation of other abnormalities, particularly genital 
tract injuries, increases the sensitivity of the medical 
evaluation of child victims of abuse. 

In this study group children who had normal results 
of the genital examination were more likely to have 
anal abnormalities. It is tempting to speculate that chil- 
dren who were primarily victims of anal assault were 
less likely to suffer a genital assault and thereby had a 
normal genital examination. I believe that this erro- 
neous conclusion is caused by the inclusion of a signif- 
icant number of male victims in this series. Only one 
male patient had genital abnormalities. All the remain- 
ing male patients had normal genital examinations, but 
a significant number of these had anal abnormalities, 
accounting for the erroneous impression. 

“The etiology of most perianal fissures, irritation, 
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and skin tags is often not evident, but may be trauma 
secondary to overzealous cleaning, constipation with 
passage of large hard stools, scratching induced by ir- 
ritation from Enterobius vermicularis or eczema, or other 
perianal conditions.”" Although the possibility of sex- 
ual abuse is not mentioned in this well-accepted text- 
book, child sexual abuse should be considered a po- 
tential cause of perianal injury. With the increasing 
number of children who are reported as victims, phy- 
sicians who treat young patients must become proficient 
in the evaluation of sexual abuse. When abnormalities 
suggestive of perianal injury are detected, the physician 
should gently inquire about the possibility of sexual 
abuse. If such history can be obtained, further inves- 
tigation is required. Some states have laws that require 
that all incidents of child sexual abuse be reported to 
a designated agency,’ and many medical centers have 
developed multidisciplinary units for the evaluation of 
child victims of abuse.” Physicians may choose to refer 
patients whom they think have been sexually abused to 
these multidisciplinary units for further evaluation. 

In summary, this study has documented that children 
who complained of anal assault are more likely to have 
some abnormality of the perianal region. Although 
these abnormalities are not always the result of sexual 
abuse, I suggest that when perianal abnormalities are 
detected, further evaluation may be required to protect 
a potential child-victim from further abuse. Such ab- 
normalities could be considered as corroborating find- 
ings to a child’s complaint of sexual assault. 
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Phosphorus 31 nuclear magnetic resonance examination of 


female reproductive tissues 
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Nuclear magnetic resonance spectroscopy is a powerful method of investigating the relationship between 
metabolism and function in living tissues. We present evidence that the phosphorus 31 spectra of 
myometrium and placenta are functions of physiologic stete and gestational age. Specific spectroscopic 
abnormalities are observed in association with disorders of pregnancy and gynecologic diseases. Our 
results suggest that noninvasive nuclear magnetic resonance spectroscopy examinations may sometimes 
be a useful addition to magnetic resonance imaging examinations, and that nuclear magnetic resonance 
spectroscopy of biopsy specimens could become a cost-effective method of evaluating certain biochemical 


abnormalities. (Am J OssteT GYNECOL 1989;161:282-8.) 


Key words: Magnetic resonance, *'P nuclear magnetic resonance, metabolism, pregnancy 


disorders, gynecologic diseases 


Nuclear magnetic resonance spectroscopy is a power- 
ful method of investigating the relationship between 
metabolism, and function in living tissues and is in- 
creasingly being used in studies of the cause of diseases. 
A related technique, magnetic resonance imaging. has 
an undisputed role in clinical diagnosis and is increas- 
ingly used in diagnosis of diseases of reproductive 
tissues.! i 

Nuclear magnetic resonance spectroscopy dezects 


biochemical changes that cannot be assessed by other ` 


currently available diagnostic procedures. The phos- 
phorus 31 nucleus emits strong signals from a small 
number of important compounds in living systems and 
yields estimates of intracellular pH and free intracel- 
lular magnesium (magnesium ion) concentration. The 
energetic status of an organ can be assessed and the 
concentrations of phosphorus compounds important to 
membrane synthesis, modulation, and degradatior can 
be determined. 

We present evidence that the “P nuclear magnetic 
resonance spectra of myometrium and placenta zre a 
function of physiologic state and gestational age. Spe- 
cific spectroscopic abnormalities are observed in asso- 
ciation with disorders of pregnancy and gynecologic 
diseases. In some instances, these results support cur- 
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rent hypotheses concerning the molecular abnormali- 
ties responsible for disease and suggest interesting new 
avenues to explore. Noninvasive nuclear magnetic res- 
onance spectroscopy studies of female reproductive tis- 
sues are feasible; our results suggest that they may 
sometimes be a useful addition to magnetic resonance 
imaging examinations. However, such examinations 
are expensive and therefore limited to cases of clear 
need. Nuclear magnetic resonance spectroscopy could 
prove useful iri quite a different way: as a cost-effective 
biochemical test on specimens now routinely assessed 
for histologic abnormalities. l 


Material and methods 


Sample selection. Placenta from uncomplicated ges- 
tations were examined in each trimester. Data on pla- 
centas obtained from patients with complications of 
pregnancy are summarized in Table I and detailed in 
the Results section. The two hydatidiform moles were 
studied after evacuation at 7 and 10 weeks. 

Normal myometria were examined from eight pa- 
tients delivered of their infants by cesarean section at 
34 to 39 weeks’ gestation. Five of these uterine biopsies 
were performed at the time of elective repeat cesarean 
section and three were done after unaugmented labors. 
Myometria were examined from a single diabetic 
woman and a single hypertensive patient; placental 
samples were also available from these patients. 

- Tubal specimens were obtained at the time of post- 
partum ligation or at the time of hysterectomy. Samples 
of both normal and cystic ovarian tissues were also ob- 
tained. 

Fourteen myometrial specimens were examined after 
hysterectomy in multiparous patients aged 30 to 87 
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Table I. Comparison of diseased and normal tissue 
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Tissue’ | Disease 
Myometrium Hypertension 
Pregnant (n = 1) 
Nonpregnant Adenocarcinoma 
(n = 2) 
Placenta Growth retardation 
Third trimester {n = 4) 
Class A diabetes 
(n = 2) 
First trimester Hydatidiform mole 
(n = 3) 


Alteration p Value 
* PN (1.63) <0.001 
t PME (1.59) <0.001 
t Pi (1.92) <0.001 
$ GPC (2.02) <0.001 
1 H* (0.16) <0.003 
1 PME (2.1) <0.001 
$ Ht (0.24) <0.001 








Number of samples in each category of diseased tissue is given in parentheses. Number of normal samples of myometrium 
were: pregnant, n = 7; nonpregnant, n = 12. Among normal placentas there were: third-trimester, n = 5; first-trimester, n = 6. 
Significance levels (p values) were estimated by an unpaired ¢ test. PN, Pyridine nucleotide; PME, phosphomonoester; Pi, inorganic 


phosphate; GPC, glycerophosphorylcholine. 


years. Indications for hysterectomy were as follows: two 
for uterine leiomyomas, one for adenomatous hyper- 
plasia, two for endometrial adenocarcinoma, three for 
endometriosis, and six for other indications. The In- 
stitutional Review Board of the University of Illinois, 
Urbana-Champaign, approved this study. 

Sample handling. After informed consent of the pa- 
tient was obtained, samples of 100 to 500 mg of preg- 
nant myometrium was trimmed from the edge of low 
transverse cervical incisions at the time of cesarean sec- 
tion. Samples were placed in oxygen-saturated modi- 
fied de Jalon’s solution (sodium, 170 mmol/L, chlorine, 
177 mmol/L; piperazine-bis-2-ethane sulfonic acid 
(PIPES), 15 mmol/L; potassium, 6 mmol/L; glucose, 
3 mmol/L, and calcium; 0.3 mmol/L) immediately after 
examination (within 0 to 2 minutes of delivery). Single 
lobules of: placenta obtained from vaginal deliveries and 
cesarean section (third trimester) or from pregnancy 
terminations (first trimester) were also obtained and a 
small piece (3 to 4 gm) was placed in the ice-cold so- 
lution. Samples of uterine tube and ovary were also 
similarly handled. The pathologist was in the operating 
room to make his preliminary examination and to re- 
lease tissues for study. The specimen jars were trans- 
ported.on ice (in a closed, thermally insulated box) to 
the nuclear magnetic resonance spectrometer. Tissues 
were superfused with oxygenated de Jalon’s solution 
either at 4° C or 37° C within a 12 or 20 mm diameter 
nuclear magnetic resonance sample tube during nu- 
clear magnetic resonance spectroscopy examination. 
Data acquisition was generally completed within 1 to 2 
hours. l i 
` Nuclear magnetic resonance spectroscopy proce- 
dures. *'P nuclear magnetic resonance spectra were ob- 
tained at 121.48 MHz on a GN300 wide-bore spec- 
trometer (General Electric, Fremont, Calif.), pulse du- 
ration = 20 psec, flip angle = 35 degrees, pulse 
interval = 1.5 sec. Resonance positions were measured 


relative to that of an internal standard in parts per 
million (i.e., 121.48 Hz = 1 ppm). When possible, the 
phosphocreatine resonance was used as the internal 
standard; for the placenta, which often contains no 
phosphocreatine, the position of the a-nucleotide phos- 
phate peak was used as a reference because in all tissues 
studied this peak had the most constant chemical shift 
relative to phosphocreatine (in the uteri reported 
here, 8(phosphocreatine — a-nucleotide phosphate) = 
-7.55 + 0.02, n = 15). Line broadening of 5 Hz was 
used to reduce noise in the spectra, but no other signal- 
enhancement procedures were applied. Peaks were as- 
signed on the basis of their resonance positions and the 
known presence of particular metabolites in the tissue. 
In some cases unambiguous assignment awaits tissue 
extraction and further analysis. 

The intracellular concentrations of hydrogen and 
magnesium ions were calculated from the general 
formula: 


pX = pK + log, = K 
where X = hydrogen or magnesium ions and ô is the 
observed chemical shift of a titratable species (inorganic 
phosphate in the pH calculation and B-nucleotide tri- 
phosphate in the calculation of free magnesium ions). 
For the pH calculation at 4° C, pK = 6.71, 8, = 3.19, 
and 8, = 5.49, and for magnesium ions, 5, = 15.86, 
ò = 19.02, and pK = 4.11. 

Quantitation. Provided that the interval between ra- 
diofrequency pulses is more than five times the appar- 
ent T, relaxation time for the phosphorus nuclei, the 
peak areas are directly proportional to the concentra- 


‘ tions of metabolites present. To determine the effect 


of pulse interval, spectra were collected at intervals of 
1.0, 1.5, 3, 5.5, 10.5, and 15.5 seconds. The sizes of the 
signals obtained at 1.5-second intervals (the pulse in- 
terval used routinely) were then corrected with the ap- 
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Fig. 1. “P nuclear magnetic resonance spectra from term preg- 
nant (top) and nonpregnant (middle) normal myometrium and 
normal myometrium accompanying endometrial adenocarci- 
noma (bottom). Isolated myometria (100 to 500 mg) were su- 
perfused with oxygenated de Jalon’s solution at 4° C. ‘The y 
axes have been adjusted so that, for any given peak, equal 
signal intensities in the three spectra represent equal conzen- 
trations of metabolites. PME, Phosphomonoester; Pi, inor- 
ganic’ phosphate; PDE, phosphodiester; PCr, phosphocrea- 
tine; UDPG,, uridine diphosphoglucose; PN, pyridine nucleo- 
tide (nicotinamide adenine dinucleotide and nicotinamide 
adenine dinucleotide phosphate, , both oxidized and reduced); 
NTP, nucleotide triphosphate (primarily adenosine triphos- 
phate); NP, nucleotide phosphate (primarily adenosine tri- 
phosphate plus adenosine diphosphate). 


propriate saturation correction factors, which were de- 
termined from the T, relaxation equation for steady- 
state conditions.? There was no significant difference 
between T, values obtained ‘for pregnant and ron- 
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pregnant uterus. The total corrected signal intensity 
per wet weight of tissue also did not differ. Therefore 
ratios of signal intensity divided by total intensity are 
equivalent to concentration ratios. 

The concentration of nucleotide triphosphate is 
estimated from the corrected integral of the B- 
nucleotide triphosphate peak, which contains no con- 
tribution from nucleotide diphosphates. The concen- 
tration of nucleotide diphosphate is estimated by sub- 
tracting the integral of the 8—nucleotide triphosphate 
peak from that of the y-nucleotide phosphate peak, 
which contains contributions from both nucleotide tri- 
phosphate and nucleotide diphosphate. The concen- 
tration of pyridine nucleotide (nicotinamide adenine 
dinucleotide and nicotinamide adenine dinucleotide 
phosphate, both oxidized and reduced forms) is esti- 
mated by subtraction of y from the a—nucleotide phos- 
phate peak, which contains contributions from all of 
the nucleotide and pyridine phosphates. 

Data analysis and presentation. A tissue evaluation 
form was attached to the muclear magnetic resonance 
spectroscopy records to facilitate correlation of nuclear 
magnetic resonance spectroscopy data with clinical 
evaluation; the nuclear magnetic resonance spectros- 
copy findings were attached to the patient’s charts. A 
spread sheet has been developed to facilitate compar- 
isons of the nuclear magnetic resonance data with the 
clinical and pathologic findings relevant to the diag- 
nosis of the tissue sample. Data manipulation, graphi- 
cal representation, and statistical analysis were done 
with the Asyst software package (Macmillan Software, 
New York). In comparisons of diseased’ with normal 
tissue, or studies of changes in the spectrum as a func- 
tion of physiologic state of the tissue, data are reported 
as significantly different if they reach a p value >0.01. 

The results and figures shown for concentrations of 
phosphorus metabolites and free magnesium ions are 
taken from studies of superfused tissues at 4° C, because 
this (rather than the more complicated perfusion tech- 
niques required to maintain tissues at 37° C) could be- 
come a routine procedure in a clinical setting. Under 
these experimental conditions the myometria, uterine 
tubes, and ovaries are stable for 12 to 24 hours, as 
judged by the “P nuclear magnetic resonance spectra, 
visual inspection, and tissue weight. Difficulty was ex- 
perienced in maintaining thirc-trimester (but not first- 
trimester) placentas in a metakolically stable state; care 
was taken to complete the experiments within 1 to 2 
hours after delivery. In some cases tissues were per- 
fused or superfused at 37° C and identical results were 
obtained. 


Results 

Myometria. Fig. 1 shows typical “P nuclear magnetic 
resonance spectra from normal term pregnant (top 
panel) and nonpregnant (middle panel) myometrium, 
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Fig. 2. Summed results on all normal pregnant (n = 7) and nonpregnant (n = 12) myometria, 
excluding grossly normal specimens from patients with adenocarcinoma. Error bars represent + SEM; 
p values are for unpaired ¢ test described in Methods. All peak intensities are corrected for saturation 
so that relative heights of bars are equivalent to relative concentrations. For abbreviations, see Fig. 


1 legend. 


and grossly normal myometrium from a patient with 
endometrial adenocarcinoma (bottom panel). The in- 
dividual nucleotide phosphates resonate so close to 
each other that they are indistinguishable in the spectra. 
Adenine is the major (75%) nucleotide in the uterus; 
its contribution to the total nucleotide phosphate pool 
does not change with pregnancy.* The peak at 6.8 ppm 
in the phosphomonoester region of the spectrum is in 
the position of phosphoethanolamine, and the shoulder 
on the right of this peak is in the position of phospho- 
choline.’ Two of the peaks in the phosphodiester region 
of the spectrum have been identified in mammalian 
reproductive tissues’ as glycerophosphorylethanolam- 
ine (3.5 ppm) and glycerophosphorylcholine (3.1 ppm). 
Our spectra of myometria show two peaks, which to 
our knowledge have not previously been observed: one 
in the phosphomonoester region at 5.9 ppm and one 
in the phosphodiester region at 2.3 ppm. 

Results of normal myometrium samples are summa- 
rized in Fig. 2. There is no significant difference 
between pregnant and nonpregnant myometrium in 
concentrations of phosphoethanolamine, inorganic 
phosphate, and nucleotide triphosphate, whereas phos- 
phocreatine, phosphodiester, and uridine diphospho- 
glucose are significantly higher in term pregnant than 
nonpregnant myometrium. Although concentrations 
are too low for accurate individual quantitation, in preg- 
nant myometrium the peak attributed to glycerophos- 
phorylethanolamine is generally too low for detection 
and the increase in phosphodiester is largely caused by 
elevated intensity of the unassigned peak at 2.3 ppm. 


The unidentified peak at 5.9 ppm is consistently higher 
in term pregnant than nonpregnant uterus. 

Nuclear magnetic resonance spectra of grossly nor- 
mal myometrium from the two patients with endo- 
metrial adenocarcinoma (Fig. 1, bottom panel, and 
Table I) showed striking differences compared with 
other myometrial samples. The same spectral charac- 
teristics (high phosphoethanolamine and inorganic 
phosphate with an absence of phosphocreatine) have 
been observed in cultured human adenocarcinoma 
cells’ and in a metastatic adenocarcinoma in the liver.®° 
All of the macroscopically normal nonpregnant myo- 
metrium obtained from hysterectomies for other rea- 
sons, including cervical cancer, showed no *'P spectral 
biochemical differences from one another. A nonde- 
generating leiomyoma showed a clearly different bio- 
chemical profile from the surrounding normal tissue, 
including a large acid shift in pH. The myometrial sam- 
ple obtained from a single patient with hypertension 


showed significantly increased pyridine nucleotide, as 


documented in Table I. | 

Placentas. Fig. 3 shows normal *'P nuclear magnetic 
resonance spectra of first- and third-trimester placentas 
(solid lines) and examples of abnormalities (dashed 
lines). Fig. 4 represents the results on normal first- and 
third-trimester placentas in graphic form. The relative 
peak intensities for phosphomonoester, pyridine nu- 
cleotide, and nucleotide triphosphate decrease signifi- 
cantly as normal pregnancy progresses, whereas the 
intensity of the inorganic phosphate peak is substan- 
tially increased over the same period. 
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Fig. 3. "P spectra of normal and abnormal first-trimeste> (9 
to 14 weeks, top panel) and third-trimester (35 to 41 weeks, 
bottom panel) placentas. Solid lines represent normal placentas 
and show normal biochemical changes with maturation. Su- 
perimposed dashed lines represent abnormalities of same ges- 
tational age: a 7-week hydatidiform mole and a growth- 
retarded placenta at 40 weeks. The y axes have been adjusted 
so that for any given peak equal signal intensities represent 
equal concentrations of metabolites. For abbreviations, see Fig. 
1 legend. 


The hydatidiform moles (Fig. 3, top, dashed line) 
show a higher than normal signal intensity in the phos- 
phomonoester region, largely as a result of an increase 
in the unknown peak at 5.9 ppm, and’a decrease in 
intensity of the inorganic phosphate peak. Placentas 
from patients with intrauterine fetal growth retardation 
(Fig. 3, bottom, dashed line) showed a marked increase 
in the glycerophosphorylcholine peak intensity, to- 
gether with a significantly alkaline pH in comparison 
to normal placentas of the same gestational age. 

The diabetic patients made up a distinctly abnormal 
group with a significant intracellular alkalinization that 
tended to increase with the severity of the disease. Each 
of the two drug abusers who were studied showed 
marked abnormalities in their placental *'P spectra; the 
two spectra did not resemble one another, but neither 
did their patterns of drug abuse. 
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Uterine tube and ovary. Spectra from uterine tubes 
(Fig. 5, top) and ovaries (Fig. 5, bottom) have also been 
obtained. As might be expected, the spectra from uter- 
ine tubes are very similar to those of myometria. The 
average phosphocreatine/adenosiiie triphosphate ratio 
in the three uterine tubes studied was not significantly 
different from that of nonpregnant myometrium; mag- 
nesium binding to adenosine triphosphate was also sim- | 
ilar. In the ovarian samples obtained, the phospho- 
creatine peak is clearly visible and the pH was similar 
to that of the other reproductive tissues studied. The 
ovarian cyst showed a higher inorganic phosphate and 
phosphoethanolamine and a much higher uridine di- 
phosphoglucose than the normal tissue. l 


Comment 


This *'P nuclear magnetic resonance spectroscopy 
survey of isolated human reproductive tissue has 
yielded previously unavailable biochemical information 
and leads to testable hypotheses concerning the rela- 
tionship between metabolism and function in normal 
and diseased conditions. Although the number of sam- 
ples analyzed to date is small, highly significant differ- 
ences were observed between normal and diseased tis- 
sues, suggesting the possibility that accurate diagnostic 
assessments of the severity of disease could be devel- 
oped on the basis of these or similar techniques.’ Con- 
tinued studies of the biochemical abnormalities we have 
found could lead to a better understanding of the mo- 
lecular bases of common reproductive disorders. 

When comparison is possible, the results of this study 
are in good agreement with the results of similar studies 
of rat tissue (pregnant or nonpregnant uterus,’ ovary,‘ 
term placenta’), in which dissection was done in the 
laboratory under controlled conditions and nuclear 
magnetic resonance analysis was immediately begun. A 
similar result was also obtained in a single noninvasive 
study of intact nonpregnant rabbit uterus.’® For this 
reason, we believe that our results are reasonable es- 
timates of in vivo tissue metabolite concentrations and 
how these change with physiologic state. 

Tissue specific characteristics and hormonal con- 
trol. For all of the normal samples, the tissue of origin 
and its physiologic status can be deduced by inspection 
of the *'P spectrum. The differences among tissue types 
relate to the concentrations of phosphorus metabolites 
involved in generation, storage, and use of metabolic 
energy (phosphocreatine, nucleotide triphosphate, nu- 
cleotide phosphate, pyridine nucleotide, inorganic 
phosphate), to intracellular pH and free intracellular 
magnesium concentration, and to the concentrations of 
phosphomonoesters and phosphodiesters, which are 
intermediates in membrane synthesis, degradation, and 
modulation.” 

The changes observed as a result of pregnancy in 
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Fig. 4. Summed results of normal first-trimester (n = 6) and third-trimester (n = 5) placentas. Data 
processing and statistical methods are the same as in Fig. 2, with the exception that no correction 
for saturation was made. For abbreviations, see Fig. | legend. 


both rat? and human myometrium’ reflect an increase 
in energy stores and tend to prepare the uterus for the 
effort of labor. For example, uridine diphosphoglucose 
is an intermediate in glycogen synthesis, and phospho- 
creatine is a buffer for the supply of adenosine tri- 
phosphate. Animal studies suggest that phospho- 
creatine in the myometrium is under hormonal con- 
trol® '? There have been suggestions that myometrial 
intracellular magnesium ions are under hormonal 
control’? and we have reported preliminary evidence 
that free intracellular concentrations of magnesium 
ions may vary in myometrium and placenta as a result 
of physiologic status and disease.’ The results obtained 
in our study are consistent with these previous obser- 
vations; both hypertensive and diabetic patients show 
changes in placental free magnesium ions at the 0.05 
level of significance. We have previously suggested that 
the pronounced increase in inorganic phosphate con- 
centration as a result of placental maturation could be 
related to phosphorus transport to the fetus and that 
the decreased phosphomonoester with gestational age 
could be related to decreased cell turnover.’ 
Proliferative diseases. Currently there is great em- 
phasis in the assessment of the roles of “P nuclear 
magnetic resonance spectroscopy in the diagnosis and 
prognosis of cancer. Our results and those of others 
who studied breast tumors’ suggest that the repro- 
ductive tract may be particularly ammenable to nuclear 
magnetic resonance spectroscopy examination. Benign 
breast tumors have substantially lower phosphoethan- 
olamine content than breast cancers.'* Our results sug- 
gest that grossly normal myometrium from patients 
with adenocarcinoma (in one case, with no myometrial 
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Fig. 5. “P nuclear magnetic resonance spectra of normal hu- 
man uterine tube (above) and ovary (below) superfused at 4° C 
with oxygenated de Jalon’s solution. For abbreviations, see Fig. 
1 legend. 


288 Noyszewski et al. 


invasion) shows characteristics typical of the disease and 
suggest that “P nuclear magnetic resonance spec:ros- 
copy might provide information of prognostic signifi- 
cance. Conversely, the myometria studied from patients 
with cervical cancers showed no spectral abnormal.ties, 
consistent with a disease that would not normally first 
spread to the myometrium. 

Disorders of pregnancy. The concentrations of high- 
energy phosphates generally are not altered in the dis- 
eased tissues we study, but there are other, more specific 
spectral changes. For example, the intrauterine growth 
retardation is associated with an increase in the pla- 
cental peak attributed to glycerophosphorylcholine; 
this is consistent with an abnormality in placental mem- 
brane composition. A decrease in the intensity of this 
peak is observed in the skeletal muscle dystrophies,” 
which are known to be associated with abnormal mem- 
brane composition. Patients with diabetes show an al- 
kaline placental intracellular pH, consistent with the 
finding that insulin alters intracellular pH in cther 
tissues.'° 

The future. In an inital study clearly it is possible 
only to explore the usefulness of nuclear magnetic res- 
onance spectroscopy for diagnosis and for elucidating 
the cause of disease. The results have been promising 
and one can imagine routine clinical determinacions 
of placental biochemistry becoming an integral part 
of patient management. Nuclear magnetic resonance 
spectroscopy examinations in conjunction with mag- 
netic resonance imaging, although not yet common- 
place, yield useful information in selected cases. Our 
results suggest that endometrial adenocarcinoma might 
be one of those cases. 

Finally, it is now possible to evaluate tissue biopsy 
samples of 10 to 50 mg blotted weight by *'P nuclear 
magnetic resonance spectroscopy. We are doing so in 
preliminary studies of endometrial samples. Therefore 
nuclear magnetic resonance spectroscopy evaluation of 
the biochemistry of biopsy specimens on which histo- 
logic examinations are now obtained is feasible. Studies 
of small tissue samples, in contrast to noninvasive nu- 
clear magnetic resonance spectroscopy examinations, 
involve relatively small capital and running costs and 
could therefore become routine diagnostic or screening 
procedures if their utility were to be adequately dem- 
onstrated. 
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A new surgical technique to treat refractory labial fusion 


in the elderly 


N. Johnson, MRCOG, FRCS, R. J. Lilford, MRCOG, MRCP, PhD, and 


D. Sharpe, FRCS, OBE 


Leeds and Bradford, England 


An elderly woman with refractory labial fusion was treated by labial separation. The subsequent raw area 
was covered by a rotational skin flap from the thigh. The flap was deroofed of epithelium proximally and 
tunnelled subcutaneously. The distal portion emerged to cover the raw clitoral area and this successfully 
prevented contraction and scarring. (Am J OBSTET GYNECOL 1989;161:289-90.) 


Key words: Labial fusion, dyspareunia, clitoris, vulvovaginitis. 


A menopausal woman with dyspareunia was first 
seen with labia minora that could not be separated. 
Previous treatment attempts failed and the labia minora 
reunited. A technique suitable for such cases in elderly 
patients is presented. 


Case report 

A 53-year-old menopausal female was first seen in 
good health with a 3-year history of superficial dys- 
pareunia. This was a result of anterior fusion of her 
labia minora. Three years previously a Fenton proce- 
dure combined with surgical separation of the adherent 
labia was attempted and various hormonal creams were 
applied to the vulva. These attempts failed and the labia 
reunited in the midline and obscured the clitoris. In 
the past, she was delivered of three children vaginally. 

Examination of the vulva revealed that both labia 
minora were united to each other in the midline by a 
dense fibrous union that could not be separated. The 
clitoris was completely buried and could not be pal- 
pated, The rest of the vulva was atrophic but there were 
no dystrophic changes. 

Under general anesthetic and in the lithotomy po- 
sition the labia minora were separated along their nat- 
ural line of cleavage by blunt and sharp dissection. Left 
alone, the raw edges of the labia came together and it 
was apparent that even if they were held apart by lateral 
anchoring sutures the raw area would have strictured 
and stenosed. It was decided to cover this area by a 
full-thickness skin flap to prevent contraction and scar- 
ring. This was fashioned from the medial aspect of the 
left thigh (2 inches x J inch; Fig. 1). The proximal half 
of this flap was deroofed of its epithelium by sharp 
dissection, The flap was rotated around an axis of 90° 
and was tunnelled subcutaneously until it emerged over 
the epithelial defect caused by the separation of labia 
minora. The deroofed epithelium lay under the tunnel 
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Fig. 1. Labia minora were separated and full-thickness skin 
flap was fashioned from medial aspect of left thigh. 


and the full-thickness distal portion of the flap covered 
the raw area above the clitoris. It was secured into place 
with interrupted monofilament sutures (Fig. 2). The 
donor site was closed and the patient made an un- 
eventful recovery. 

On the fifth postoperative day the wound was re- 
examined, and the sutures that secured the healthy flap 
were removed. By the third postoperative week the flap 
and donor site had completely healed and the introitus 
comfortably admitted two fingers. The patient has re- 
sumed vaginal intercourse and experiences clitoral 
stimulation. 


Comment 

Labial adhesions are generally considered to super- 
vene inflammation in the prepubertal and hypoestro- 
genized female. However, older women are not im- 
mune from the condition’ and they may have dyspa- 
reunia. Most cases can be treated by the application of 
topical, bland, or estrogen creams and gentle manip- 
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Fig. 2. Proximatly, flap is buried subcutaneously and emerges to cover raw area over clitoris. Full- 
thickness distal portion of flap is secured with interrupted sutures. 


ulation, In extreme cases the labia may be separated 
and held apart with anchoring sutures. However, if the 
labia are firmly adherent and their separation leaves a 
large raw area, contraction of the overlying epithelium 
will occur and cause further stenosis of the introitus, 
which is likely to be refractory to further treatment. 
Stricture and scarring can only be prevented by cov- 
ering the area with a full-thickness skin flap that con- 
tains its own blood supply. The only alternative would 
involve several releasing incisions closed with Z-plasty 
techniques,” but this would still leave the patient with 
a scarred vulva and wounds over the clitoral area. 
The only significant potential complication of the 
technique we described is flap ischemia. The flap's vi- 
ability is particularly at risk because it was deepithe- 
lialized proximally and because it possesses a random 
blood supply without a major vascular pedicle. Poor 


blood flow to the Hap can result in wound infection, 
necrosis, and even sloughing. However, if the flap had 
failed, the patient would have been left with a horno- 
zygous dressing of natural skin that could have been 
easily regrafted. 

This new technique is suitable in elderly patients with 
cases of labial adhesion that are refractory to all other 
treatment modalities. 
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Predictive values, relative risks, and overall benefits of high 


and low maternal serum a-fetoprotein screening in singleton 
pregnancies: New epidemiologic data 


Aubrey Milunsky, MB, BCh, DSc, Susan S. Jick, MPH,” Carol L. Bruell, MS,* 
Dean S. MacLaughlin, PhD,’ Yean-Kai Tsung, PhD; Hershel Jick, MD, 


Kenneth J. Rothman, DrPH, and Walter Willett, MD* 


Boston, Massachusetts 


In a prospective study of maternal serum oa-fetoprotein screening for both high and low values, we 
assessed the overall predictive value, sensitivity, specificity and relative risks for congenital defects and 
complications of pregnancy. Among 13,486 women with singleton pregnancies interviewed at the time of 
screening (15 to 20 weeks of gestation), 3.9% had high and 3.4% had low values. A high maternal serum 
a-fetoprotein value was associated with the following adverse outcomes: neural tube defects (relative 

tisk = 224), other major congenital defects (relative risk = 4.7), fetal deaths (relative risk = 8.1), neonatal 
death (relative risk = 4.7), low birth weight (relative risk = 4.0), newborn complications (relative 

risk = 3.6), oligohydramnios (relative risk = 3.4), abruptio placentae (relative risk = 3.0) and preeclamptic 
toxemia (relative risk = 2.3). A low maternal serum a-fetoprotein value was associated with chromosomal 
defects (relative risk = 11.6) for fetal death (relative risk = 3.3). Either high or low maternal serum 
a-fetoprotein values were associated with 34.2% of all major congenital defects, 19.1% of all stillbirths and 
fetal-neonatal deaths, 11.0% of major pregnancy complications, and 15.9% of serious newborn 
complications. Maternal serum a-fetoprotein screening provides an important adjunctive tool for the 
identification of high-risk pregnancy and adverse neonatal outcome. (Am J OssTeT GYNECOL 1989;161: 


291-7.) 


Key words: a-Fetoprotein, neural tube defects, Down’s syndrome, obstetric coniplications 


Screening for elevated values of maternal serum a- 
fetoprotein is currently the standard of expected ob- 
stetric care in the United States and must be offered 
in California by law. More than a decade of experience 
has supported the introduction of routine screening 
into obstetric practice.’ Evaluation of low maternal se- 
rum a-fetoprotein values for Down syndrome screen- 
ing currently remains a research area, notwithstanding 
accumulating reports of benefits.** Surprisingly few ep- 
idemiologic studies have been conducted to evaluate 
the predictive values and relative risks associated with 
either elevated or low maternal serum a-fetoprotein 
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values in the same cohort. In this prospective study we 
assess the sensitivity, specificity, overall predictive val- 
ues, and relative risks of neural tube and other con- 
genital defects (NTDs), chromosomal abnormalities, 
and pregnancy complications associated with high and 
low values in a maternal serum a-fetoprotein screening 


program. 


Material and methods 


All pregnant women receiving routine prenatal care 
in the practices of more than 90 participating obste- 
triclans were offered maternal serum a-fetoprotein 
screening. Only occasional (estimated at <2%) patients 
declined screening. A serum sample was received by 
our Center for Human Genetics for 17,405 patients. 
As part of a study of antecedents to NTDs and. other 
congenital defects, each woman was telephoned by one 
of our trained nurses for an interview. A total of 16,487 
women whose serum samples were received consented 
to the interview; only 918 (5.3%) declined. 

Interviews were conducted between Oct. 1984 and 
June 1986, and focused specifically on family, medical, 
and obstetric history with special emphasis on diet, 
medications, and illness during the first trimester of 
pregnancy. Questions also covered the environmental 
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Table I. Selected outcomes after maternal serum -fetoprotein screening in 13,486 pregnancies . 














Norma, 
maternal 
serum 
a-fetoprotzin 













High maternal serum 
a-fetoprotein 


Low maternal serum 
a-fetoprotein 











Defect 


All NTDs 21 2 
Chromosome defects 21 14 
Other major congenital defects* 82 65 
Fetal death 60 41 
Stillbirth ; 53 50° 
Neonatal death 31 25 
Newborn complications 232 191 
Premature rupture of 372 332 
membranes : 
Polyhydramnios 32 30 
Oligohydramnios 58 49 
Abruptio placentae 82 71 
Preeclamptic toxemia 223 195 
Other pregnancy complications 563 505 
Maternal diabetes 106 100 
Maternal-hypothyroidism 49 44 
Maternal hyperthyroidism 10 9 
Maternal illness 401 370 
Low birthweight 308 256 
None of the above 11,674 10,897 
Totalt 13,486 12,495 


19 









95% : 95% 
Confidence | No. of | Relative | Confidence 
interval risk interval 








224.0 132.0-380.1 0 -l — 
1.7 0.2-12.5 6 11.6 5.5-24.7 
4.7 2.8-8.1 4 1.7 0.6-4.5 
8.1 4.8-13.4 5 3.3 1.4-7.9 
0.5 0.1-3.2 2 1.1 0.3-4.4 
4.7 2.0-11.2 1 L1 0.1-8.0 
3.6 2.5-5.1 12 1.7 1.0-3.0 
2.0 1.4-2.9 12 1.0 0.6-1.7 
1.6 0.4-6.5 -—— -l — 
3.4 1.6-7.1 2 1.1 0.3-4.5 
3.0 1.5-5.8 2 0.8 0.2-3.1 
2.3 1.5-3.6 9 1.3 0.6-2.4 
1.9 1.4-2.6 17 0.9 0.6-1.5 
0.9 0.3-2.6 2 0.5 0.1-2.1 
1.6 0.5-5.1 2 1.2 0.3-5.1 
2.6 0.4-19.1 — -l — 
1.0 0.6-1.6 16 1.2 0.7-1.9 
4.0 3.0-5.3 9 1.0 0.5-1.9 

392 
= — 461 ~= — 





*Minor defects are included with.“none of the above” outcomes in calculation of relative risk for major congenital defects. If 


excluded, relative risk does not change. 


-{The numbers do not add up to the total because a woman may be in more than one category. 


and occupational exposures within the year before con- 
ception. The vast majority of the interviews occurred 
before the maternal serum «-fetoprotein screening re- 
sults were known to either the patient or the inter- 
viewer; 94% of patients in this study were pele eet 15 
and 20 weeks’ gestation. 

Pregnancy outcome was ascertained from a brief 
questionnaire mailed to the delivering physicians or 
eventually to the mothers themselves when necesszry. 
Basic information concerning delivery, birth, preg- 
nancy complications, and newborn health was the focus 
of this questionnaire. ` 

This article reflects the outcome data for 13,486 
(82%) of the interviewed women. Approximately 1£00 
had not yet been delivered at this time. (Subsequently, 
159 women with multiple pregnancies were excluded.) 
Physicians provided 84% of the outcome data; the re- 
maining 16% of the outcome questionnaires were com- 
pleted by mothers. To date 10% have been lost to 
follow-up. 

Low birth weight was defined as <5.5 pounds. Well- 
established criteria were used to define major and mi- 
nor birth defects. Newborn complications included any 
“special care” of the infant within the first few days of 
life such as surgery or treatment of jaundice, infection, 
respiratory difficulty, or complications of prematurity. 


Pregnancy complications included intrauterine growth 
retardation, abruptio placentae, placenta previa, pre- 
cipitate labor, shoulder dystocia, nuchal cord, prema- 
ture labor, postmaturity (>42 weeks’ gestation), bleed- 
ing during pregnancy, or fetal loss. 

Maternal serum a-fetoprotein assays were done by 
radioimmunoassay (Clinical Assays, Cambridge, Mass.) 
as previously reported.’ Ultrasonographic studies were 
routinely requested for determination of an accurate 
gestational age for all mothers whose maternal serum 
a-fetoprotein values were =2.0 multiples of the median 
or £0.4 multiple of the median in the initial phase of 
the study and later when the odds for Down syndrome 
were =1:270 (see explanation below). Level II ultra- 
sonography was, recommended after confirmation of 
gestational age for maternal serum a-fetoprotein values 
between 2.0 and 2.4 multiples of the median. Amnio- 
centeses were recommended in all pregnancies after 
confirmation of gestational age when maternal serum 
a-fetoprotein values were =2.5 multiples of the median 
or early in the study when the maternal serum a- 
fetoprotein value was =0.4 multiple of the median and 
subsequently if the odds for Down syndrome were 
=1:270. Later, consistent with practice in other major 
United States maternal serum a-fetoprotein screening 
centers, the lower-limit cutoff was changed to reflect 
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Table II. Sensitivity, specificity, and predictive values for selected pregnancy outcomes after detection of 
abnormal maternal serum «-fetoprotein values 










Sensitivity 
(%) 


Elevated maternal serum 
a-fetoprotein values 


Spina bifida 90.9 
Anencephaly 100.0 
Other NTDs 50.0 
Other major congenital defects 16.7 
Fetal death 25.5 
Neonatal death 16.7 
Newborn complications 13.2 
Oligohydramnios 12.5 
Abruptio placentae 11.3 
Preeclamptic toxemia 8.9 
Maternal hyperthyroidism 10.0 
Low birth weight 14.4 


Low maternal serum 
a-fetoprotein values 
Chromosome defect 39.1 
Fetal death 10.9 


Predictive value 


Positive . 
(%) 









Negative 
(%) 


Specificity 
(%) 


96.0 1.9 99.99 
96.0 1.7 100.0 
95.9 0.4 99.98 
96.0 2.5 99.5 
96.0 2.6 99.7 
96.0 0.9 99.8 
96.1 5.5 98.5 
96.0 1.3 99.6 
96.0 1.7 99.4 
96.0 3.6 98.4 
96.0 0.2 99.9 
96.2 8.1 98.0 
96.5 2.0 99.9 
96.5 1.1 99.7 





odds for Down syndrome. These odds were chosen 
because they were equivalent to known midtrimester 
risks for women aged 35 years who were routinely in- 
formed of such risks and the option of amniocentesis. 
The actual maternal serum a-fetoprotein level at these 
odds were in fact very close to the <0.4 multiple of the 
median used initially. Pregnancies that spontaneously 
aborted (categorized as fetal death) or were terminated 
for a diagnosed fetal defect were included among 
known outcomes. 

Relative risks of specific outcomes and 95% con- 
fidence intervals were calculated for women with 
high or low maternal serum a-fetoprotein values, and 
women with normal values were used for comparison.’ 
Sensitivity, specificity, and predictive values were com- 
puted for high and low maternal serum a-fetoprotein 
values. 


Results 


The age range of the 13,486 women in this study 
extended from 14 to 43; 90% of the women were 20 
to 34 years old. Demographic information was available 


for 97.2% of the subjects. Ninety-four percent of the . 


subjects were white, 1% each were black, Oriental, or 
of other races, and 2.8% were unknown. Eighty-two 
percent lived in the Boston area, 11% lived elsewhere 
in Massachusetts, 3.6% elsewhere in New England, 1% 
in states distant to New England, and in 2.8% residence 
information was not available. 

Pregnancy outcomes after second-trimester maternal 
serum a-fetoprotein screening in 13,486 women are 
summarized in Table I. Of these, 12,495 women 
(92.7%) had a normal maternal serum a-fetoprotein 


value, 530 (3.9%) had a high value, and 461 (3.4%) 
had a low level. Women with a high level were at in- 
creased risk for pregnancies resulting in NTDs (relative 
risk = 224), other major congenital defects (relative 
risk = 4.7), fetal deaths (relative risk = 8.1), neonatal 
death (relative risk = 4.7), and newborn complications 
(relative risk = 3.6). Increased relative risks were also 
noted for major pregnancy complications including ol- 
igohydramnios (relative risk = 3.4), abruptio placentae 
(relative risk = 3.0), and preeclamptic toxemia (relative 
risk = 2.3), 

Women with low maternal serum «-fetoprotein val- 
ues were almost 12 times more likely to have offspring 
with a chromosome defect and were more than three 
times more likely to suffer a fetal death when compared 
with women with normal levels. 

We next calculated the sensitivities, specificities, and 
predictive values of the maternal serum a-fetoprotein 
screen with respect to those outcomes for which the 
high or low maternal serum a-fetoprotein value indi- 
cates an increased risk for an abnormal outcome (see 
Table II). The sensitivity of the maternal serum a- 
fetoprotein test is quite low except in the case of spina 
bifida (sensitivity = 90.9%) and anencephaly (sensitiv- 
ity = 100%), indicating that for most outcomes the test 
does not detect a majority of the cases. The positive 
predictive values, which indicate what percentage of a 
positive test will result in an abnormal outcome, are 
also low. This is a reflection of both the low prevalence 
of the outcomes and the small number of abnormal 
outcomes that follow a positive test. However, the spec- 
ificity values are uniformly quite high; all are approx- 
imately 96; this indicates that most women who had a 
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Table III. Pregnancy outcome according to maternal serum «-fetoprotein level 











Maternal serum a-fetoprotein 












Pregnancy outcome 


All pregnancies 13,486 
NTDs 2I 
Chromosome defects 20 
Other major congenital defects 82 
All major defects combined§ 123 
Fetal death 54 
Stillbirth 48 
Neonatal death 24 
All other losses combined§ 126 
Premature rupture of membranes 350 
Oligohydramnios 39 
Abruptio placentae 74 
Toxemia 209 
Polyhydramnios 19 
Other major pregnancy complications combined§ 691 
Newborn complications 157 
Other pregnancy complications 384 
Maternal illness 310 
Other minor congenital defects 29 
None of the above 11,666 


12,495 530 461 991 











2 0.02 19 3.6 0 19 1.9 
14 0.1 0 6 13 6 0.6 
65 0.5 13 2.57 4 0.94 17 1.7 
81 0.6 2 6.0 10 2.2 42 4.2 
38 0.3 11 2.1 5 1.1 16 1.6 
45 0.4 1 0.2 2 0.4 3 0.3 
19 0.1 4 0.8 1 0.2 5 0.5 

102 0.8 16 3.0 8 1.7 24 2.4 
315 2.5 25 4.7 10 2.2 35 3.5 
34 0.3 3 0.6 2 0.4 5 0.5 
66 0.5 G 1.1 2 0.4 8 0.8 
182 1.5 18 3.4 9 2.0 27 2.7 
18 0.1 l 0.2 0 1 0.1 
615 4.9 53 10.0 23 5.0 76 7.7 
132 1.1 18 3.4 7 1.5 25 2.5 
352 2.8 20 3.8 12. 26 32 3.2 
295 2.4 6 L1 9 2.0 15 1.5 
29 0.2 0 0 0 
10.889 87.2 385 72.6 392 85.0 7771 T84 





Data are arranged in hierarchical order so that each zase is covered only once. 


*Low maternal serum a-fetoprotein value. 


tGastroschisis (3 cases); renal agenesis (2); multiple anomalies (2); urinary tract obstruction (1); imperforate anus, cloaca, and 
malformed bowel (1); tetralogy of Fallot (1); congenital toxoplasmosis (1); cystic hygroma (1); absent bladder and cystic 


kidneys (1). 


Multiple anomalies (1); endocardial fibroelastosis (1); hydrocephalus (1); branchial fistula (1). 


§Subtotals, nonhierarchical. 


normal pregnancy outcome also had a normal maternal 
serum a-fetoprotein level. Similarly, the negative pre- 
dictive values, which indicate what percentage of eo- 
ple with a normal test result will have a normal out- 
come, are uniformly high. This is a reflection of the 
low prevalence of the various outcomes, and the large 
proportion of women with normal test levels who had 
normal pregnancy outcomes. 

From Table II it can be inferred that all fetuses with 
anencephaly (nine cases) were detected through ma- 
ternal serum a-fetoprotein screening. For spina bifida, 
10 of 11 cases were detected; this yielded the high sen- 
sitivity rate of 90.9%. One of two fetuses with enceph- 
alocele had an associated elevated maternal serum a- 
fetoprotein level. 

Since multiple adverse outcomes commonly occurred 
in the same pregnancy, we also constructed a hierar- 
chical table, with each case being counted only once, 
for the outcome judged to be the most serious ‘see 
Table III). Selected pregnancy outcomes are tabu- 


lated for normal, high, and low maternal serum a- 


fetoprotein values. Calculations from the figures in 
Table III showed that the frequency of all major con- 
genital defects combined was 0.9%. All fetal or neonatal 
losses combined also occurred in 0.9% of screened 


women. These major pregnancy complications com- 
bined occurred in 5.1%, whereas a further 2.9% had 
other miscellaneous pregnancy complications. New- 
born complications occurred in 1.2% of cases. 

Calculations from the data in Table III indicate that 
34.2% of all major congenital defects combined were 
associated with either a high or low maternal serum a- 
fetoprotein value. Similarly, 19.1% of all fetal-neonatal 
losses had high or low maternal serum a-fetoprotein 
values; 11.0% of major pregnancy complications and 
15.9% of newborn complications were associated with 
abnormal levels. High or low maternal serum ga- 
fetoprotein values were associated with a further 8.3% 
of miscellaneous pregnancy complications. The one fe- 
tus listed under chromosome defects and high maternal 
serum a-fetoprotein values (Table II) had triploidy and 
spina bifida and therefore does not appear under chro- 
mosome defects in the hierarchical Table III. 

Of the 530 women with elevated maternal serum a- 
fetoprotein values, 32 (6.0%) had a fetus with some 
type of major congenital defect, compared with 81 
(0.6%) among women with a normal value. Fetal or 
neonatal loss occurred in 16 (3.0%) of women with high 
values, whereas a major pregnancy complication was 
observed in 53 (10.0%). Among women with normal 


Volume 161 
Number 2 


maternal serum a-fetoprotein values, these losses oc- 
curred in 102 (0.8%) and 615 (4.9%) women, respec- 
tively. Newborn complications were noted in 18 (3.4%) 
among the group with high values and in 132 (1.1%) 
among those with normal values. 

Among the 461 patients with low maternal serum a- 
fetoprotein values, 6 (1.3%) had chromosome defects 
(two with trisomy 21, two with trisomy 18, an unbal- 
anced 14/21 translocation Down syndrome, and a mo- 
saic XO/XX/XXX), compared with 14 (0.1%) among 
those with normal maternal serum a-fetoprotein val- 
ues. None of these patients were of advanced maternal 
age. Among the 461 patients, 5 (1.1%) experienced a 
fetal death and 8 (1.7%) lost their fetuses or new- 
borns, compared with 38 (0.3%) and 102 (0.8%), re- 
spectively, among those with normal maternal serum 
a-fetoprotein values. 

The probabilities of specific pregnancy outcomes re- 
lated to previous normal, high, and low maternal serum 
a-fetoprotein values are shown in Table IV. Of special 
note for outcomes associated with high values is the 
1:28 probability for NTDs, 1:17 for all major congen- 
ital defects combined, 1:10 for the major pregnancy 
complications, and 1:29 for clinically important new- 
born complications. For the group of outcomes asso- 
ciated with low maternal serum a-fetoprotein values, 
of special importance is the 1:77 probability for chro- 
mosome defects, 1:46 for all major congenital defects 
combined, and 1:20 for the specifically named major 
pregnancy complications. 

The other major congenital defects associated with 
either a high or low maternal serum a-fetoprotein value 
are included in the footnote in Table ITT. The five neo- 
natal deaths included four with prematurity compli- 
cations and one with multiple congenital anomalies. 


Comment 


This prospective study of singleton pregnancies doc- 
uments the increased relative risks associated with el- 
evated or low maternal serum a-fetoprotein values, ex- 
tends the number and type of pregnancy complications 
associated with abnormal values, and demonstrates the 
overall benefits of screening for both high and low ma- 
ternal serum a-fetoprotein values. An increased ma- 
ternal serum a-fetoprotein level in this study yields a 
striking relative risk of 224 for NTDs and a relative 
risk of 4.7 for other major congenital defects. 

Other authors have previously noted increased rel- 
ative risks in the range of 4 to 5 for low birth weight 
among pregnant women with high maternal serum a- 
fetoprotein levels,*° as we report here. Relative risks 
of perinatal death varying from 6 to 11®'*"' are com- 
parable to our findings of 8.1 for fetal death and 4.7 
for neonatal death. We add to the list of pregnancy 
complications predicted by an elevated maternal serum 
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Table IV. Probabilities of selected pregnancy 
outcomes for normal, high, and low maternal 
serum a-fetoprotein values 






Probabilities for maternal 
Serum o-fetoprotein 












Pregnancy outcome 


NTDs 1:6247 1:28 0 
Chromosome defects 1:892 0 1:77 
Other major congenital defect 1:192 1:41 1:115 
All major congenital defects 1:154 1:17 1:46 
combined 
Stillbirth, fetal or neonatal 1:122 1:33 1:58 
death - 
Premature rupture of 1:40 1:21 1:46 
. membranes 
Preeclamptic toxemia 1:69 1:29 1:5] 
Oligohydramnios, poły- 1:20 1:10 1:20 
hydramnios, abruptio pla- 
centae, toxemia, and pre- 
mature rupture of mem- 
branes 
Newborn complications 1:95 1:29 1:66 





The outcome categories are mutually exclusive, each case 
was counted only once on the basis of the hierarchy in 
Table IH. 


a-fetoprotein value increased risks for oligohydram- 
njos (relative risk = 3.4), abruptio placentae (rela- 
tive risk = 3,0), preeclamptic toxemia (relative risk = 
2.3), and premature rupture of membranes (relative 
risk = 2.0). 

Fetal Down syndrome in association with low mater- 
nal serum a-fetoprotein levels has been noted repeat- 
edly.**? A New England Regional Genetics Group col- 
laborative study’ observed that 1:73 women with low 
maternal serum a-fetoprotein values had a fetus with 
an autosomal trisomy (virtually all trisomies 21, 18, or 
13), a Yale study* noted 1:112, and we observed 1:115. 
For all chromosome abnormalities associated with low 
maternal serum o-fetoprotein levels, we observed a rate 
of 1:77, very similar to the odds of 1:67 reported 
in the New England group study. This and other 
studies* * have also documented low maternal serum 
a-fetoprotein levels in association with trisomy 18 and 
trisomy 13. In this study a low maternal serum a- 
fetoprotein value predicted a relative risk of 11.6 for 
a serious chromosome defect. Unlike others who re- 
ported that approximately 50% of spontaneous abor- 
tions were associated with low maternal serum a- 
fetoprotein levels," * we noted that only 9.3% of fetal 
deaths had low values. Variable lower limits for mater- 
nal serum o-fetoprotein, study sizes, the population 
studied, and ascertainment bias probably explain the 
differences in reported rates. 

Consonant with our past experience® and that of 
many others reviewed elsewhere,’ elevated maternal 
serum a-fetoprotein values predicted the detection of 
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100% and 90.9% of anencephaly and spina bifida cases, 
respectively. Low maternal serum a-fetoprotein levels 
facilitated detection of 30% (6/20) cases of serious chro- 
mosome defects. Utilization of both high and low ma- 
ternal serum a-fetoprotein values for screening, which 
to our knowledge has not previously been reported in 
a prospective study, proved valuable. For all major con- 
genital defects combined, a high or low maternal serum 
a-fetoprotein value was found in 34.2% of cases. In 
addition, 19.1% of fetal-neonatal deaths, 11.0% of 
other listed major pregnancy complications, and 15.9% 
of other newborn complications were all preceded by 
high or low maternal serum a-fetoprotein values. 

In previous reports reviewed by Wald and Cuckle,’ 
and us,° that mainly consisted of laboratory experiences 
rather than systematically collected epidemiologic data, 
41% to 64% of multiple pregnancies were associated 
with increased maternal serum a-fetoprotein values 
(22.0 multiple of the median), Those reports in part 
reflect results from women selected for screening by 
obstetricians because of some suspicion of twins or con- 
genital defects. In association with our study we ob- 
tained maternal serum a-fetoprotein values on 159 
women with multiple pregnancies. Among these 
women 85 (53%) had maternal serum a-fetoprotein 
-values =2.0 multiples of the median. 

The proportion of high maternal serum a- 
fetoprotein values reported here (3.9%) agrees with 
results of recent studies.’ Low maternal serum a- 
fetoprotein values (equivalent to Down syndrome odds 
=1:270) in recent reports have ranged between 2.7% 
and 5.3%* *; ours was 3.4%. The frequency of low 
values is likely to decrease with expected improvements 
in radioimmunoassay performance, which we nave 
already experienced after completion of this study 
after changing to a kit with greater precision in the 
low a-fetoprotein range. This change alone will prob- 
ably bring greater efficacy to low maternal serum a- 
fetoprotein screening. 

Physicians should be aware of the benefits of 20th 
high and low maternal serum a-fetoprotein screening, 
not only in the context of prenatal detection of con- 
genital defects, but'also in early identification of women 
at increased risk of obstetric complications. Chronic 
villitis and placental vascular lesions are the likely cause 
of elevated maternal serum a-fetoprotein values in cer- 
tain cases, especially in association with subsequent in- 
trauterine growth retardation.’® Hence maternal serum 
a-fetoprotein screening is indicated even in the patient 
scheduled for amniocentesis. Care should be taken that 
blood is drawn before the amniocentesis needle is intro- 
duced to avoid the frequent and rapid a-fetoprctein 
leak from the fetal to the maternal circulation after 
aspiration. 
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Determination of a normal amniotic fluid æ- 
fetoprotein value and acetylcholinesterase after docu- 
mentation of an elevated maternal serum a-fetoprotein 
value provides considerable but far from complete re- 
assurance of fetal normality. Our data’ and those of 
Burton” indicate that approximately 5% of this group 
have a fetus with a major congenital defect, such as a 
cardiac malformation, hydrocephalus, renal abnor- 
mality, a limb reduction defect, or multiple congenital ` 
anomaly syndrome. Level II ultrasonography should ` 
therefore be done routinely in these cases. Consider- 
ation should be given to serial sonographic study (per- 
haps a total of three before the twenty-fourth week) to 
detect hydrocephalus and other evolving defects not 
yet evident. A fetal echocardiogram should also be 
considered since the likelihood of a cardiac defect ex- 
ceeds 1%. 

Finally, pediatricians also need to be aware of the 
potential implications of a history of an elevated ma- 
ternal serum a-fetoprotein value, considering the rel- 
ative risks of 4.7 and 3.6 for neonatal death and serious 
newborn complications, respectively. , 


We thank the interviewing team, especially Marsha 
Thomas Lanes, Brenda Flomenhaft, Shirley Kasten, 
Maryanne Megliola, and Nancy Powell. We are also 
indebted to the many obstetricians and their staffs for 
allowing us to study their patients and providing out- 
come data, and to their many patients who participated 
in this study. 
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The efficacy of fetal sonographic biometry in Down 


syndrome screening 


Mark T. Peters, MD, Charles J. Lockwood, MD, and Wayne A. Miller, MD’ 


Lincoln and Boston, Massachusetts 


Sonographic biometry has been proposed as a second-trimester Down syndrome screening modality. 
Approaches have relied on the apparent “shortened” femur length of fetuses with Down syndrome. 
Unfortunately, significant intercentar variation has been reported in the magnitude of this femur length 
reduction. In an effort to overcome many of these potential biases and better estimate the magnitude of 
femur length shortening in fetuses with Down syndrome, a retrospective review of femur length differences 
between 16 Down syndrome and 194 control fetuses was carried out. All scans were performed by one 
examiner who used the same equipment and measurement technique. A significant reduction in the 
observed to expected femur length ratio for a given biparietal diameter was identified in the Down versus 
control fetuses (0.9574 95% confidence interval 0.9197, 0.9952 versus 0.9999 95% confidence interval 
0.9913, 1.0086) (p < 0.008). However, the magnitude of this reduction was not sufficient to permit the use 
of this sonographic approach as an isolated marker for fetal Down syndrome. (Am J OBSTET GYNECOL 


1989;161 :297-300.) 


Key words: Sonographic biometry, shortened femur, Down syndrome screening 


Current screening modalities for Down syndrome 
determine risk’ on the basis of maternal age and ma- 
ternal serum a-fetoprotein concentrations. However, 
this approach fails to identify most fetuses with Down 
syndrome.’ Recently several investigators”* have iden- 
tified differences in sonographically determined femur 
length measurements between Down syndrome and 
unaffected fetuses and have proposed its application 
as a potential screening method. Unfortunately, the 
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discriminatory value of discrepancies in fetal biometry 
between Down syndrome and unaffected fetuses has 
not been confirmed by all investigators (Table I).*° Dif- 
ferences in sonographic equipment and measurement 
criteria may contribute significantly to the observed in- 
tercenter variation. Heterogeneity in parental racial- 
ethnic groups, and therefore in anthropometric in- 
dexes, may be present between study and control 
groups, particularly if the latter are derived from a 
population at low risk for fetal Down syndrome. These 
differences are unlikely to be constant across all centers, 
further exacerbating intercenter variability. When lon- 
ger ascertainment intervals are used to collect Down 
syndrome versus control cases, another confounding 
variable is introduced, since operator experience and 
equipment resolution will improve over time. Finally, 


297 


298 Peters, Lockwood, and Miller 


August 1989 
Am J Obstet Gynecol 


Table I. Reports on accuracy of a shorter than expected femur length for a given gestational age or BPD 


in prenatal identification of fetal Down syndrome 


Author 
Benacerraf et al. 68 
Lockwood et al. 51 
Perrella et al. 42 
Feters et al. 13 
Porto et al. 8 


Reference no. 


2 28 3 
7 35 2 
13 14 4 
7 16 — 
7 38 5 





Table II. Fetal Down syndrome screening efficacy for observed to expected femur length ratio at a 
given BPD 









0.97 66 59-73 50 
0.94 86 80-90 43 
0.92 91 86-95 18 
0.91 93 88-96 13 
0.90 96 92-98 13 
0.89 97 93-99 13 
0.84 99 94-99 13 





1/1000 





26-74 0.6 0.3 0.1 
20-69 1.2 0.6 0.3 
5-44 0.8 0.4 0.2 
2-38 0.8 0.4 0.2 
2-38 1.3 0.7 0.3 
2-38 1.7 0.9 0.4 
2-38 5.2 2.6 1.3 





OE, Observed to expected; fl, femur length; SP, specificity; SN, sensitivity; PPV, positive predictive value. 


* Cutoff value equal to or less than stated number. 


the subjective tendency to minimize gestational age dis- 
crepancies between biparietal diameter (BPD) and fe- 
mur length measurements also contribute to intercen- 
ter variability. 

We carried out the following retrospective case- 
control study in an effort to better define the magnitude 
of fetal biometric differences between Down syndrome 
and unaffected fetuses and assess the screening appli- 
cability of fetal biometry, free of these biases. 


Material and methods 


From July 1, 1985, to March 1, 1988, more than 2200 
fetuses had an ultrasound scan and amniocentesis per- 
formed by a single operator (W. A. M.). The indicazions 
for amniocentesis included advanced maternal age, ab- 
normal maternal serum o-fetoprotein concentrations, 
and-a family history of genetic disease. In no case was 
an amniocentesis carried out because of an abnormal 
ultrasound finding. All scans included a measurement 
of BPD and femur length. BPD was measured from 
the skull’s leading edge to leading edge at the level of 
the thalami. Femur length was determined from the 
largest single measurement. An ATL 2000 with a 3.5 
MHz mechanical sector transducer was used for all ul- 
trasound examinations. 

Control group. The control group was obtained by 
random selection of 194 patients who had underzone 
genetic amniocentesis and were noted to have normal 
sonographic anatomy, biometry estimates of gestat-onal 


age within 1% weeks of menstrual age, and a normal 
karyotype. 

Study group. Sixteen cases of Down syndrome were 
identified during the study period. All karyotype di- 
agnoses were made from amniotic fluid cultures, and 
in no case was the sonographic diagnosis of a fetal con- 
genital anomaly made. In all cases both BPD and femur 
lengths were recorded and the biometry correlated 
within 1⁄2 weeks of menstrual age in 13 of 16 cases. 

Statistical analysis. Using the method described by 
Benacerraf et al.,? a simple linear regression model of 
the relationship between femur length and BPD in un- 
affected fetuses was used to derive expected femur 
length for a given BPD in both groups. To test the 
statistical significance of observed differences between 
case and control populations, unpaired ¢ tests and xə 
were used. Confidence interval estimates for the sen- 
sitivity and specificity of observed to expected femur 
length cutoff points were calculated by the method de- 
scribed by Fleiss.‘ 


Results 

Comparisons of the mean BPD, femur length, and 
BPD to femur length ratio at given weeks of gestation 
were made between the Down syndrome and unaf- 
fected populations. Although femur lengths were mar- 
ginally smaller and the BPD to femur length ratios 
marginally higher in fetuses with Down syndrome, no 
Statistically significant differences were observed at spe- 
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Femur Length (FL) 


Expected femur length= -13.41246 +.9610032 BPD 
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-10 


Biparietal Diameter (BPD) 


Fig. 1. Blach dots represent Down syndrome cases. Top line is regression line of expected femur 
length for a given BPD in control group. Lower line represents 0.91 of expected femur length for 


a given BPD. 


cific weeks of gestation. The aggregate mean BPD to 
femur length ratio was significantly higher in the Down 
syndrome group compared with the control group 
(1.757 95% confidence interval 1.662, 1.852 versus 
1.648 95% confidence interval 1.627, 1.668) (p< 
0.004). Only 12.5% (2/16) cases of Down syndrome had 
a BPD to femur length ratio greater than 1.5 standard 
deviations above the BPD to femur length mean of the 
unaffected populations. 

The relationship between BPD and femur length in 
the unaffected population was defined by the follow- 
ing equation: Expected femur length = — 13.41246 + 
0.9610032 (BPD) (° = 0.883). A first-order regression 
model proved an optimal description; other regression 
models did not significantly improve the model. 

The expected femur length for a given BPD in the 
unaffected population is plotted in Fig. 1. The mean 
ratio of observed to expected femur length for a given 
BPD was significantly lower in the Down syndrome 
compared with the control population (0.9574 95% 
confidence interval 0.9197, 0.9952; n = 16 versus 
0.9999 95% confidence interval: 0.9913, 1.0086; n = 
194) (p < 0.008). Thus for a given BPD, femur lengths 
of fetuses with Down syndrome were shorter than those 
of the control group. 

Various observed to expected femur length ratio 
cutoffs were then assessed to determine the efficacy in 


the identification of fetal Down syndrome cases, which 
follows the suggestion of Benacerraf et al.’ The sensi- 
tivity, specificity, and positive predictive value of the 
various cutoff ratios are presented in Table II. 


Comment 


This retrospective evaluation of sonographically 
determined biometric differences between second- 
trimester Down syndrome and unaffected fetus mini- 
mizes a number of potential biases present in previous 
studies. One examiner performed all studies without 
prior knowledge of the potential for biometric dis- 
crepancies in the Down syndrome versus unaffected 
population. The method of measurement and sono- 
graphic equipment used were consistent in both groups 
throughout the study period. The ascertainment pe- 
riods were identical in both the study and control pop- 
ulations. The racial and socioeconomic groups were 
identical in the study and control populations (white, 
93% private insurance). Furthermore, single “best” 
measurements were taken of the BPD and femur length 
without averaging multiple measurements. These fac- 
tors should have reduce the potential for subjective 
reductions in gestational age discrepancies between 
BPD and femur length measurements. 

The lack of statistically significant femur length 
shortening or elevations in BPD to femur length ratio 
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at specific gestational age intervals may reflect the small 
number of Down syndrome cases at given gestational 
age intervals (n < 5). Nonetheless, these observations 
are in contrast to the findings of Lockwood et al.? They 
first suggested this approach to Down syndrome 
screening, describing a 50% sensitivity rate and 7% 
false-positive rate for the detection of Down syndrome 
fetuses with the use of a BPD to femur length cutoff 
value of 1.5 standard deviations above the unaffected 
population’s mean BPD to femur length ratio.” Im- 
plementing an identical approach, only 12.5% (2/16) 
of fetuses with Down syndrome were identified in this 
study population with a 7% false-positive rate. 

Benacerraf et al.’ evaluated the Down syndrome 
screening efficacy of the ratio of observed to expected 
femur length for a given BPD. They reported optimal 
screening efficacy with a ratio of 0.91, which produced 
a 68% sensitivity rate for a 2% false-positive rate.* Use 
of an identical methodology and their optimal cutoff 
value (0.91) produced a far lower sensitivity rate (13%) 
and far higher false-positive rate (7%) in this study 
population. Increasing the false-positive rate to 14% by 
raising the cutoff ratio to 0.94 afforded an increase in 
sensitivity to 43%. In contrast, reducing the false- 
positive rate to 1% by using a cutoff value of 0.84 did 
not reduce sensitivity (13%). 

The finding that there were statistically signifcant 
differences between the mean observed to expected 
femur length value for a given BPD in the Down syn- 
drome versus unaffected population suggests that.true 
biologic differences exist. However, whether these dif- 
ferences are of sufficient magnitude to warrant iheir 
use as a screening modality is uncertain. Given that the 
discriminatory differences in femur lengths (2 to 4mm) 
approach the limits of sonographic lateral resolution, 
far larger numbers of cases and controls must be an- 
alyzed to provide a definitive answer. Furthermore, an 
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additional reduction in efficacy can be expected in the 
prospective application of this modality, since subjective 
biases will be accentuated. Therefore at this time it does 
not appear that the detection ofa shorter than expected 
femur length for a given BPD is a sufficient indication 
for amniocentesis. 

One potential value of this sonographic approach is 
its combination with maternal serum biochemical mark- 
ers for Down syndrome, such as a-fetoprotein, human 
chorionic gonadotropin, and unconjugated estriol, as 
well as maternal age, to assign relative Down syndrome 
risks to patients as suggested by Wald et al.’ In this 
context biometric measurements will either enhance or 
diminish the risk of Down syndrome without resorting 
to arbitrary cutoff values, provided they represent an 
independent measure of Down syndrome risk.’ | 
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‘Pregnancy loss in a small chorionic villus sampling series 


Brian A. Clark, PhD, MD, John M. Bissonnette, MD, Susan B. Olson, PhD, and 


R. Ellen Magenis, MD 
Portland, Oregon 


Two previous reports have suggested that the pregnancy loss rate with chorionic villus biopsy is high in 
the initial 100 to 300 cases. In the initial 211 cases of this study, the total pregnancy loss rate (7.1%) and 
losses not attributed to induced abortion or cytogenetic abnormality (2.8%) do not support this contention. 


(Am J Osstet GYNECOL 1989;161:301-2.) 


Key words: Chorionic villus sampling, fetal loss rate, spontaneous abortion 


Chorionic villus sampling promises to rival amnio- 
centesis as a means of prenatal diagnosis if con- 
cerns about its safety and accuracy are resolved. The 
transcervical aspiration of villi at 9 to 12 weeks’ gesta- 
tion offers several advantages over transabdominal as- 
piration of amniotic fluid at 14 to 16 weeks’ gestation 
for the clonal growth of amniocytes. An anomalous 
pregnancy at 12 weeks’ gestation can be terminated by 
aspiration with less morbidity than a pregnancy at 17 
to 20 weeks’ gestation that requires either a dilation 
and evacuation procedure or the induction of labor. 

In two previous reports it has been suggested that 
the initial experience with chorionic villus sampling is 
associated with a higher fetal loss rate in small series 
compared with those with larger numbers of patients. 
In response to the suggestion that the fetal loss rate did 
not appear to decline as larger centers gained experi- 
ence with chorionic villus sampling, Jackson and 
Wapner' stratified their data in accordance with those 
centers that had experience with 100 to 200 proce- 
dures, those with 200 to 300 procedures, and those with 
>300 procedures. The fetal loss rates were 4.6%, 3.4%, 
and 2.7% respectively.' The report of a World Health 
Organization symposium on first-trimester fetal diag- 
nosis and risk that pooled information from three 
groups, revealed a fetal loss rate of 3.4% for the first 
300 procedures that declined to 1.7% after 2400 pro- 
cedures had been done.’ 

If chorionic villus sampling is to replace amniocen- 
tesis as a universal technique for prenatal diagnosis, it 
not only must be demonstrated safe in large referral 
center trials, but it also must be demonstrated safe in 
centers with moderate caseloads. We report on the ex- 
perience at University Hospital in Portland, Oregon, 


From the Departments of Obstetrics and Gynecology and Medical 
Genetics, Oregon Health Sciences University. 

Received for publication March 3, 1989; accepted March 8, 1989. 

Reprint requests: John M. Bissonnette, MD, Mail Stop L-458, Or- 
egon Health Sciences University, 3181 S.W. Sam Jackson Park 
Road, Portland, OR 97201. 


where 211 chorionic villus sampling procedures have 
been done over a period of 3.25 years since initiation 
of the procedure. 


Material and methods 


Between April 1, 1984, and Sept. 30, 1988, 211 
women with pregnancies between 9 to 12 weeks’ ges- 
tation underwent chorionic villus sampling. An initial 
ultrasonography scan ruled out fetal death and preg- 
nancies beyond 12 weeks’ gestation; these are not in- 
cluded in subsequent analyses. All patients had cervical 
cultures before the procedure and those with group B 
streptococci or Chlamydia were treated. During the last 
6 months of this period women with severely anteflexed 
uteri had transabdominal chorionic villus sampling (two 
cases). Initial experience with chorionic villus sampling 
was obtained in >80 volunteers with noncontinuing 
pregnancies between 8 to 12 weeks’ gestation, All cho- 
rionic villus sampling procedures were performed by 
one of three physicians. 

Chorionic villi were obtained under ultrasonographic 
guidance with a 3.5 MHz real-time sector scanner with 
a nylon transcervical catheter (ID 1.06 mm). For the 
majority (167 cases) the CBC-101 catheter (Vas-Cath 
of Canada Ltd., Mississauga, Ontario) was used. For the 
remaining 44 cases a Trophocan catheter (Portex, 
Inc., Wilmington, Mass) was used. Most samples were 
obtained with a single pass of the catheter. At no time 
were there more than three passes. A new sterile cath- 
eter was used for each individual catheter insertion. All 
patients have been followed up to at least 28 weeks’ 
gestation and 180 have completed their pregnancies. 


Results and comment 


The major indication for chorionic villus sampling 
was advanced maternal age, with 79% of the women 
2:34 years old at the time of delivery. A previous preg- 
nancy with a chromosome disorder (11%) or metabolic 
defect (8%) accounted for the remainder. 

A total of nine chromosomal abnormalities were de- 
tected, three of which were balanced translocations or 
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Table I. Pregnancy outcome of 211 chorionic 
villus sampling procedures 





Induced abortion 8 3.8 
Loss up to 28 weeks’ gestation* 6 2.8 
Loss after 28 weeks’ gestation 1 0.5 
Pregnancies delivered or continued 196 92.9 


beyond 28 weeks’ gestation 





*Includes one cytogenetic abnormality (45,X). 


inversions. This incidence af cytogenetic abnormality 
(4.3%) is similar to what has been observed in a large 
series (4.6%).2 There were three metabolic disorders 
detected. Two of the chromosome abnormalities were 
mosaic: 45,X/46,XY and 45,X/46,XY. The former was 
confirmed both at amniocentesis and at pregnancy ter- 
mination, whereas the later showed 46,XY in both am- 
niotic fluid cells and in cord blood at birth. In addition 
to the two cases of mosaicism nine patients went on to 
amniocentesis—seven because insufficient tissue was 
obtained at chorionic villus sampling, one because of 
culture failure, and one because only maternal cells 
grew. This rate of subsequent amniocentesis (5.2%) can 
be compared with 9.9% in a series of > 1000 women.’ 

Several approaches have been used to evaluate the 
pregnancy loss rates after chorionic villus sampling. As 
discussed in a report of a randomized Canadian col- 
lborative clinical trial group, the most meaningful data 
will include all losses after a viable pregnancy has been 
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determined at 9 to 12 weeks’ gestation. -T'he pregnancy 
outcome from the present series is given in Table I. 
The total loss rate of 7.1% is identical to that seen in 
the chorionic villus sampling (7.6%) and amniocentesis 
(7.0%) groups of the Canadian collaborative trial, each 
of which involved >1100 patients. The induced abor- 
tion rate in our series was slightly higher (3.8% versus 
2.2%) and the losses up to 28 weeks’ gestation were 
somewhat lower (2.8% versus 4.9%) than that seen in 
the chorionic villus sampling group of the Canadian 
study. If one uses the conventions of the series,* which 
do not include induced abortions or spontaneous abor- 
tions that occurred in cases of cytogenetic abnormali- 
ties, our loss rate of 2.8% does not support the sug- 
gestion that the pregnancy loss rate is high in the initial 
100 to 300 patients. 


We thank Drs. John Buckmaster and Kathleen Ken- 
nedy for their assistance. We also acknowledge Ms. Keri 
Stepper for her assistance. 


* Discussed in the beginning of this article. 


REFERENCES 


1, Jackson LG, Wapner RJ. Authors’ reply. Prenat Diagn 
1985;5:167. 

2. World Health Organization. Risk evaluation in chorionic 
villus sampling. Prenat Diagn 1986;6:451. 

3. Canadian Collaborative Chorionic Villus Sampling— 
Amniocentesis Clinical Trial Group. Multicenter random- 
ized clinical trial of chorionic villus sampling and amnio- 
centesis. Lancet 1989;1:1. 


Maternity shelter care for adolescents: Its effect on incidence 


of low birth weight 


Katherine D. LaGuardia, MD, MPH, Maurice L. Druzin, MD, and Carol Eades, BA 


New York, New York 


A group of 112 pregnant adolescents residing in a maternity shelter was compared with a group of 113 
pregnant adolescents residing in their own homes but receiving identical medical care. The sheltered 
group was made up of a particularly high-risk group: they were more likely to be black, unmarried, 
receiving public assistance, and registered later for prenatal care than the group living at home. Despite 
these differences, the sheltered group delivered significantly fewer infants of low birth weight and preterm 
gestation than the control group. Variables assessed in this study fail to explain this difference. It is 
concluded that the services offered in a maternity shelter can have a positive impact on the reduction of 
low birth weight deliveries in a group of high-risk patients. These results indicate that the social and 
behavioral correlates of low birth weight remain to be fully defined and understood. (AM J OasteT GYNECOL 


1989;161:303-6.) 


Key words: Adolescent pregnancy, low birth weight, maternity shelter 


It has been well documented that pregnant adoles- 
cents constitute a population at high risk for delivery 
of low birth weight infants. According to national fig- 
ures, in 1978, 17% of all births were to teenagers and 
yet 24% of low birth weight infants had a teenage 
mother.’ The relationship between low birth weight and 
age is a U-shaped curve, with the highest levels occur- 
ring under age 20 years and over age 35 years. This 
relationship has been known for many years and the 
subject of much discussi6n in the literature. The rea- 
sons for the higher incidence of low birth weight de- 
liveries among adolescents has not been clearly es- 
tablished. 

There appear to be two schools of thought in this 
debate. One maintains it is because of the physical im- 
maturity of the mother,’ ° whereas the other main- 
tains that there is an overrepresentation of risk fac- 
tors associated with low birth weight among young 
women.**® It is known that young mothers are more 
likely black, of low socioeconomic status, to report late 
for prenatal care, and be unmarried.’ However, when 
these factors are rigorously excluded from the analysis, 
there are no demonstrated differences in prematurity 
or low birth weight rate among infants born to adoles- 
cent mothers and those born to women in the 20- to 
34-year-old age bracket.*° 
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What continues to remain unclear is whether inter- 
vention programs for the prevention of low birth 
weight are effective in populations with these demo- 
graphic risk factors. Main et al.” failed to demonstrate 
any difference in the incidence of preterm delivery in 
a controlled clinical trial whose population consisted of 
indigent black women with a prematurity rate twice the 
national average. However, others have found inter- 
vention programs to be highly effective.*° It may be 
that the etiologic factors, which play an important role 
in producing preterm births in one population and 
interventions designed to counteract these factors, may 
not be universally applicable. 

We have examined the potential benefits of intensive 
social services, behavior modification, and heightened 
awareness of the problems of pregnancy provided in a 
sheltered environment (a maternity shelter) on the in- 
cidence of low birth weight deliveries among a group 
of indigent urban teenagers. The outcomes of these 
pregnancies were compared with those of a comparable 
group of teenagers residing at home but receiving iden- 
tical medical care. The study was conducted to examine 
the hypothesis that a model of social and behavioral 
intervention can reduce low birth weight rates among 
a group of high-risk patients. 


Material and methods 

Data for this study were obtained from a retrospec- 
tive review of 225 consecutive singleton adolescent de- 
liveries that occurred between 1984 and 1986 at 
The New York Hospital—Cornell Medical Center in 
New York City. The study group, totaling 112, consisted 
of all patients 19 years and under who resided at In- 


303 


304 ‘LaGuardia, Druzin, and Eades 


Table I. Characteristics of patients according 
to residence 






(1) (2) 
Study group | Control group 


(sheltered) | (nonsheltered) 
Characteristic (N = 112) (N = 112) © 

Mean age (yr) (range 18-19) 16.5 17.5 
Race 

% Black 83* 55 

% Hispanic 11* 29 
Insurance (% Medicaid) 100* 72 
Marital status (% single) 100* 80 
% living with 

Parents — 62 

Other family — 2 

Spouse/boyfriend — 22 

Alone — 4 

Unknown — 10 
Mean maternal weight gain 30 32 

(pounds) 
% cigarette smoking 23 35* 
Mean week of first prenatal 26.4T 21.2 

visit 
% primary C/S 12 12 
Mean birth weight (gm) 3122 3082 
% primigravidas 66 5] 
% preeclampsia li 9 
% anemia (Hct < 34) 2 52 33 





CS, Cesarean section; Het, hematocrit. 
*p < 0.05 for comparison between columns 1 and 2. 
tp < 0.03 for comparison between columns 1 and 2. ` 


wood House, a maternity shelter for’ pregnant adoles- 
cents, during their pregnancy and at the time of deliv- 
ery. The control group, totaling 113, consisted of all 
patients 19 years and under who lived in their com- 
munities during their pregnancy and delivery. If pa- 
tient did not live at Inwood House, she was placed in 
the control group. There was no other process of se- 
lection. All patients received similar medical care within 
the prenatal clinic of the Department of Obstetrics and 
Gynecology at The New York Hospital. Obstetric care 
was provided by the house staff with faculty supervi- 
sion. No specific intervention model was used in the 
clinic. 

Inwood House is one of four maternity sheltecs in 
New York City. It receives both private and public fund- 
ing. All patients must be either referred or approved 
by the Office of Special Services for Children of the 
Health Resources Administration of New York City. 
Criteria for admission include age under 21 years and 
homelessness. Patients are placed in the shelter on a 
voluntary basis. However, court-ordered placement ex- 
ists. All residents receive their prenatal care at The 
New York Hospital, which is located less than one mile 
from the home. All are given their own room and meals 
and are required to attend school. Incentives for com- 
pliance with clinic appointments, attendance at school, 
meals, other activities, and meeting curfew are based 
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ona point system developed by the Inwood House staff. 
Monetary rewards are administered based on an ac- 
cumulation of points. Each patient is assigned a social 
worker who is on-site daily at the shelter. Areas of em- 
phasis by the Inwood House staff during the course of 
a patient’s residence include: (1) contraception, (2) re- 
productive anatomy, (3) preparation for labor and de- 
livery, including signs and symptoms of preterm labor, 
(4) plans for the infant after delivery, and (5) plans for 
the mother after delivery. 

Gestational age, which is used as a critical variable in 
testing the hypothesis of the efficacy of this intervention 
program, was determined by last menstrual period and 
serial ultrasound studies and then was correlated with 
a modified Dubowitz assessment in the neonatal period. 
Infants with more than a 2-week error between the 
antenatal assessment and the neonatal assessment 
would have been excluded from the analysis. How- 
ever, it was unnecessary to exclude any infants on this 
basis. 


Results 


A comparison of characteristics of patients in the 
control and study groups is presented in Table I. The 
study group was slightly younger, registered signifi- 
cantly later for prenatal care, was more likely to be 
black, unmarried, and on public assistance than those 
in the control group. Despite these differences, the 
study group delivered significantly fewer infants of low 
birth weight and premature gestation (defined as <37 
completed weeks) than the control group. There was 
no difference in weight gain, incidence of anemia or 
preeclampsia, or occurrence of preterm labor between 
the two groups. However, the control group had sig- 
nificantly more smokers than did the study group (35% 
versus 23%) (p < 0.05). Mean birth weight for the study 
group was 3122 gm and 3082 gm for the control 
groups. The primary cesarean section rate for both 
groups was roughly half that of ward patients over age 
20 years (12% versus 24.5%). 

As presented in Table II, low birth weight rates were 
6.2% and 12.4% for the sheltered and nonsheltered 
groups, respectively (p = NS). When standardized for 
both birth weight and gestational age, however, the 
preterm low birth weight drops to 2.6% and 9.7%, re- 
spectively (p < 0.05). There was no difference in ad- 
missions to the neonatal intensive care unit between the 
two groups. 

Incidence of antepartum hospitalization fails to ex- 
plain the difference in the preterm low birth weight 
rate between the two groups. As shown in Table III, 
although the sheltered group spent more days per per- 
son in the hospital for preterm labor, the incidence of 
hospitalization was statistically similar for both groups 
for all diagnoses. 
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Table II. Neonatal outcome by residence 
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Outcome 





(1) (2) 
Study group Control group 
{sheltered) (nonsheltered) 
(N = 112) (N = 113) 





















% LBW (>500 gm/<2500 gm) m=) 124 (= 14) 
% LBW and <37 wk (n = 3) 9.7 (n = 11) 
% LBW and >37 wk (n= 4) 2.7 (n = 3) 
% admitted to ICU (n = 10) 11.0 (n = 12) 
LBW, Low birth weight; ICU, intensive care unit. 
*h < 0.05 for comparison between columns | and 2. 
Table III. Antepartum hospitalization according to residence 
(1) (2) 
Study group Control group. 
(sheltered) (nonsheltered) 


Antepartum hospital 


Diagnosis 
Preterm labor 
PROM 
Preeclampsia 
Medical indication 
Third trimester bleeding 
Other 

Total 


Average No. of days in hospital/person hospitalized 


Average No. of days in hospital/person with preterm labor 


PROM, Premature rupture of membranes. 
*» < 0.025 for comparison between columns 1 and 2, 


Comment 


The assessment of low birth weight in this study was 
based on the model of Kaltreider and Kohl,” in which 
low birth weight was defined according to both gesta- 
tional age and birth weight. Premature low birth weight 
includes those infants delivered at a gestational age of 
>20 weeks but less than 37 completed weeks and weigh- 
ing >500 gm but <2500 gm. The term low birth weight 
population is defined as those infants born after 37 
completed weeks and weighing >500 gm but <2500 
gm. Although not entirely accurate, this definition al- 
lows separation of the truly preterm infant and the 
growth retarded infant weighing less than 2500 gm but 
delivered after 37 weeks. 

Although a longer-term, prospective study is neces- 
sary to analyze more fully the paradoxic outcome re- 
vealed in this study, it appears that the services provided 
in this particular maternity shelter have a positive im- 
pact on reduction of low birth weight in a group of 
high-risk patients. In particular, the heightened aware- 
ness of the staff to the problems of pregnancy and the 
education provided on the signs and symptoms of pre- 
term labor may have contributed to earlier hospitaliza- 
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tion and improved outcome. It is also interesting that 
significantly fewer study subjects smoked. This finding 
confirms the beneficial effects of behavior modification 
in this population. 

It may also be that an important component con- 
tributing to this improved outcome is a reduction of 
external stress. Those patients residing in the maternity 
shelter had external stress largely reduced. They had 
shelter, food, money, and easy access to health care 
staff. Those in the control group lived in communities 
further from the hospital, in variable living conditions, 
and with financial concerns more complex than those 
at Inwood House. It appears that the social and be- 
havioral correlates of low birth weight remain to be 
fully defined and understood. Studies that examine the 
causal factors of low birth weight in the adolescent pop- 
ulation need to assess these correlates. 
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Fetal hyperinsulinism in anencephaly 


C. Hubinont, MD, PhD,* N. M. Fisk, MD,** U. Nicolini, MD, and C. H. Rodeck, MD 


London, England 


Insulin was measured in the blood collected in utero from three midtrimester anencephalic fetuses. The 
hyperinsulinism found could be due to an underutilization of glucose in the absence of most of the brain 
and could be responsible for the relatively normal growth in anencephaly despite the absence of the 
hypothalamohypophysial axis. (AM J OpsTeET GYNECOL. 1989;161:306-7.) 


Key words: Fetal blood, insulin, anencephalic fetuses 


The role of the hypothalamohypophysial system in 
insulin secretion has been studied previously in hu- 
mans, as a comparison of normal and anencephalic 
neonates. Van Assche et al.’ found normal insulin 
levels, with hyperinsulinemia being confined to a small 
subgroup of those with both an intact hypophysis and 
an abnormal maternal carbohydrate tolerance. 


Growth in anencephalic fetuses and newborns 
has been reported to be normal or slightly de- 
creased despite the absence of growth hormone se- 
cretion.” 

Since fetal insulin is a major determinant of fetal 
growth and since the insulin status of human anence- 
phalic fetuses in utero has not been reported, we mea- 
sured plasma insulin levels in fetal blood from mid- 
trimester anencephalic fetuses. 
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Material and methods 


Three fetuses were diagnosed as having anencephaly 
by ultrasonography at 16, 20, and 24 weeks’ gestation 
(two singleton pregnancies and one twin pregnancy at 
24 weeks). Fetal blood was obtained from the affected 
twin at selective feticide. In the two singleton gestations, 
fetal blood was aspirated by an ultrasonographically 
guided needle technique in consenting patients under- 
going termination of pregnancy by intraamniotic in- 
stillation of prostaglandin EF. 

All three mothers had fasted for 6 to 12 hours. There 
was no history of maternal glucose intolerance or Rh 
alloimmunization, both capable of inducing fetal hy- 
perinsulinism. 

Insulin assay was performed in duplicate (insulin ra- 
dioimmunoassay kit, Immunodiagnostics LTD, Tyne & 
Wear, London). The results were then compared with 
our normal range, previously established in 33 single- 
ton fetuses (18 to 40 weeks) having blood sampling for 
prenatal diagnosis of various genetic conditions and 
later found to be unaffected. 


Results 

Insulin levels of the three anencephalic fetuses 
plotted against those of 33 normal fetuses were 
all higher than the mean + 2 SD for gestational 
age (Fig. 1). 
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15 y= -0.65300 + 0.21187x r= 0.562 
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Fig. 1. Plasma insulin concentrations of fetuses with anencephaly(®) plotted against normal values 
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Comment 


Our finding of hyperinsulinism in anencephalic fe- 
tuses differs from the results of Van Assche et al.,? but 
this study was done on newborns whereas our obser- 
vations were made on fetuses in utero. In fact, the 
mechanisms of the regulation of insulin secretion in the 
fetus seem to be different from those in newborns 
(presence of transplacental transfer of glucose and 
amino acids), and this may explain the discrepancy in 
the results. 

Hyperinsulinism in anencephalic fetuses might be 
secondary to high glucose levels, which may be mainly 
due to underutilization in the absence of most of the 
brain. Long-term glucose stimulation of the fetal pan- 
creatic B-cells would thus produce hyperinsulinism, as 
it does in maternal diabetes. Although the features of 
B-cell stimulation in fetuses of diabetic mothers are usu- 
ally found only during the third trimester, they have 


been observed as early as the nineteenth week. This 
may explain why fetal hyperinsulinism is more marked 
in the two anencephalic fetuses >20 weeks’ gestation. 

The presence of hyperinsulinism in anencephalic fe- 
tuses suggests that the development and function of 
their fetal pancreatic B-cells is appropriate, given the 
increased glucose concentration to which they are prob- 
ably exposed. Insulin plays an important role in fetal 
growth; therefore. its hypersecretion may compensate 
for the absence of other growth factors controlled by 
the hypothalamohypophysial system. 


REFERENCES 


1. Van Assche FA, Gepts W, De Gasparo M. The endocrine 
pancreas in anencephalics. Biol Neonate 1970;14:374-88. 

2. Vorherr H. Factors influencing fetal growth. AM J OBSTET 
GYNECOL 1982; 142:577-88. 


Antenatal ultrasonographic diagnosis of fetal seizure activity 


Helain J. Landy, MD, Alfred N. Khoury, MD, and Peter S. Heyl, MD 


Washington, D.C., and Fairfax, Virginia 


A case is reported in which fetal seizure activity was observed ultrasonographically but 
the growth-retarded fetus was chromosomally normal. (Ai J OBSTET GYNECOL 


1989;161:308.) 


Two cases of antenatally diagnosed fetal seizures 
were reported by Conover et al.’ In both cases, the 
seizures were associated with anomalous fetuses. We 
report a case of fetal seizure activity that was ob- 
served ultrasonographically in a chromosomally nor- 
mal, growth-retarded fetus. 


Case report 

A 35-year-old woman, gravida 2, para 1-0-0-1, was 
transferred to Fairfax Hospital at 31% weeks’ gestation 
with intrauterine growth retardation and decreased 
amniotic fluid volume. A 46,XX karyotype was known 
from genetic amniocentesis. Administration of œ- 
methyldopa was begun 3 weeks earlier to treat chronic 
hypertension. On transfer to Fairfax Hospital, an ul- 
trasonogram showed a structurally normal fetus, al- 
though the biparietal diameter measured 1/2 to 2 weeks 
less than long-bone and abdominal circumference pa- 
rameters. The amniotic fluid volume was subjectively 
decreased. Results of Doppler flow studies of the um- 
bilical artery were normal. Because blood pressure and 
creatinine clearance values were normal, antihyperten- 
sive medication was discontinued. Results of nonstress 
tests were reactive, and biophysical profiles were nor- 
mal. Serial ultrasonograms showed good fetal grewth, 
although the discrepancy in biparietal diameter mea- 
surement persisted. 

During biophysical profile examination at 35 weeks, 
oligohydramnios was seen. Rapid, repetitive, and epi- 
sodic jerking fetal movements were noted. These were 
thought to represent seizure activity. The patien: ad- 
mitted to having felt similar episodes at least once dur- 
ing the preceding week. A reactive nonstress test. and 
negative contraction stress test were obtained. 

A live-born female infant was delivered by cesarean 


section. Seizure activity was evident immediately. Apgar . 


scores were 4 and 8 at 1 and 5 minutes, respectively; 
the cord pH was 7.32. The newborn’s measurements 
were as follows: weight, 2060 gm; head circumference, 
31 cm (10th to 25th percentile); length, 46 cm (25th to 
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50th percentile for gestational age, Colorado growth 
curve). A small midline soft palate cleft was seen and 
the distal clavicles were poorly ossified. 

A thorough search for an underlying cause of the 
seizures was inclusive. Evaluation ruled out infectious 
causes (adenovirus, coxsackieviruses A and B, herpes 
simplex virus, echovirus, enteroviruses types 68 
through 71, poliovirus, toxoplasmosis, cytomegalovi- 
rus, and group B streptococci) and metabolic causes 
(including lipid storage diseases, endocrinologic dis- 
orders, and other imbalances). Results of head and re- 
nal ultrasonograms and echocardiogram were normal. 
The repeat karyotype was 46,XX. The electroenceph- 
alogram initially showed a diffuse burst pattern without 
suppression with pyridoxine, but the abnormalities re- 
solved a few weeks after birth. Phenobarbital was used 
only for a short time after birth and was then discon- 
tinued. 

The infant has remained seizure-free without med- 
ication. At 10 months of age, she has shown significant 
growth delay and weighs only 5100 gm. Microcephaly 
and motor retardation are obvious, and hearing im- 
pairment has been diagnosed. A definite underlying 
cause remains to be confirmed. Serious neurologic 
handicaps are anticipated for the future. 


Comment 


Diagnosing fetal seizure activity is quite rare. In the 
report of two such cases by Conover et al.’ both fetuses 
were anomalous (one had multiple subtle anomalies not 
detectable with ultrasonography and the other had hy- 
dramnios and hydranencephaly). In our case no struc- 
tural anomalies could be identified ultrasonographic- 
ally, although intrauterine growth retardation, oligo- 
hydramnios, and the possiblity of mild microcephaly 
existed. Knowing that the fetus had a normal karyotype 
aided in the decision to manage this pregnancy to op- 
timize fetal salvage. 

Fetal seizure activity may be associated with metabolic 
or structural abnormalities, even in the presence of 
normal ultrasonographic and genetic evaluations. Since 
this ultrasonographic finding may be associated with a 
poor outcome, proper counseling is advised. 
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Now Demulen® 1/35 is the fastest Today more and more physi- 
growing monophasic* cians are taking an increased interest 
New OC Rx’s: Percent change, October 1987 to n Demulen 1/35 and prescribing it 
March 1989* for their patients on oral contracep- 


tive (OC) therapy. In fact, recent 
statistics show that new prescriptions 
for Demulen 1/35 rose by 16% during 
the last 18 months (October 1987 to 
March 1989).' That’ a significantly 
greater increase than any other 
monophasic OC,’ and nearly twice 
the growth rate of the multiphasic 
class.+ 
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“Includes all monophasic products with 3% or 
+Pharmaceutical Data Services, Scottsdale, AZ. 
}Data derived from the change (by percentage) in the number of new 
prescriptions for all multiphasic products combined, from October 
1987 to March 1989. : 
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Take a closer look at Demulen 
1/35 and add up the benefits. You'll 
Kind that Demulen 1/35 clearly deliv- 
ters the performance you expect 
iand the results your patients need 
ifrom an OC. 


_] Reliable low-dose monophasic 
therapy 

_] Low side-effect profile 

—] Minimal lipid impact 

J] Exclusive formulation with the 
progestogen ethynodiol 
diacetate 
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Demulen 1/35 


(ethynodiol diacetate 1 mg, ethinyl estradiol 35 mcg) 


Demulen 1/35" Each white tablet contains athynodio! diacetate 1 mg and ethinyl estradiol 35 meg. Each blue tablet in 
Demulen 1/35-28 is a placebo containing inert ingredients. 

Demuten 1/50" Each white tablet contains ethynodio! diacetate 1 mg and ethinyl estradiol 50 meg. Each pink tablet in 
Demulen 1/50-28 is a placebo containing inert ingredients. Indication and usage: For prevention of pregnancy. Pregnancy 
fate for products with 2.35 meg ethinyl estradiol or 2.50 meg mestranol is <1/100 woman-years, With <35 meg ethiny! 
estradiol, rate is slightly higher, with progestogen-only oral contraceptives (OCs), rate is about 3. Precise comparisons cannot 
be made. Rates for other methods have been published. Dose-related Thromboembolic Risk. Studies showed positive 
association between OC estrogen dose and thromboembolic risk. it is in keeping with good therapeutics to minimize estrogen 
exposure. Prescribe product containing least amount of estrogen compatible with acceptable pregnancy rate and patient 
acceptance. Start new users on <<50 meg estrogen. Contraindteations: Thrombophiebitis, thromboembolic disorders, past 
history of deep vein thrombophiebitis or thromboembolic disorders: cerebrovascular disease, myocardial infarction ar coronary 
artery disease, or past history of these; known or suspected breast carcinoma, estrogen-dependent neoplasia, of pregnancy, 
undiagnosed abnormal genital bleeding: past or present, benign or malignant liver tumors developing during use of estrogenic 
products. Warnings: 


Cigaretie-smoking increases risk of serlous cardiovascular side eftects trom OC use. Risk increases with age and 
heavy smoking (15 of more cigarettes/day) and is quite marked in women over 35. OC users should be strongly 
advised not to smoke. OCs are associated with increased risk of several serious conditions including venous anc arterial 


thromboembolism, thrombotic and hemorrhagic stroke, myocardial infarction, visual disorders, hepatic tumors, gallbladder 
disease, hypertension, fetal abnormalities. Practitioners should be familiar with the available information retating to 
these and other risks. 





1 Thromboembolic disorders and other vascular problems: increased risk of thromboembolic and thrombotic disease 
associated with OCs is well established. A British study showed increased risk for fatal venous thromboembolism (TE), British 
and U.S. studies showed increased risk for nonfatal disease. U.S. studies showed increased risk for stroke. OC users were 
2-11 times more likely to manifest these diseases without evident cause. In a study of idiopathic deep vein thrombosis and 
pulmonary embolism (PE), projected hospitalization rates for ages 16-40 were 47/year/100.000 users and 5 for nonusers. 
Overali excess mortality from PE or stroke was 1.3-3.4 deaths/year/ 100,000 users and increased with age. Cerebrovascular 
Disorders: in a study of stroke with and without predispositions, risk of hemorrhagic stroke was 2 times greater and thrombotic 
stroke 4.0-9.5 times greater in users. Mortality trends in 21 countries indicate that changes in cardiovascular mortality were 
associated with changes in OC prevalence. The Royal Coilege of GPs (RCGP) reported on its prospective study: “A statistically 
significant higher rate of reporting of cerebrovascular accidents in Takers is evident, but the numbers are too smali to justify 
an estimation of the degree of risk.” A 1981 analysis showed a 4-fold increased mortality in users from circulatory diseases, 
mainly myocardial infarction (Mi) and hemorrhagic stroke. Excess mortality was associated with age and smoking. A 1983 
analysis showed elevated cerebrovascular disease, increasing with use to 8 yrs, including cerebral thrombosis o: embolism 
and TIA. Peripheral arterial disease and MI were increasede Women over 30 had more arterial disease, being greatest in 
smokers. Arterial case-fatality was 2-3 times greater for users wha smoked. Family Planning Assoc. (FPA) foune significant 
association between OC use and stroke; increased risk for venous thrombosis and PE wag 4-feid and statistically significant. 
Mortality from nonrheumatic heart disease was greater in ever-users. in the Walnut Creek Study, subarachnoid hemorrhage 
risk was associated with smoking, age, and OC use, Myocardial Infarction: Increased risk of Mi associated witn OCs was 
reported in Britain, as previously suspected, The morbidity study found the greater the number of risk factors far coronary 
artery disease (smoking, hypertension, hypercholesteroiemia, obesity, diabetes, history of preeclamptic toxemia} the higher 
the risk, regardless of OC use. OCs were an additional risk factor. Excess rate of fatal Mi was 3-5/year/100,000 users aged 
30-39 and 20 for ages 40-44, (These are based on British statistics with acute MI death rates 2-3 times Jess than the U.S 
Simitar estimates for the U.S. are 25.7 for users aged 30-39 with predispositions vs 1.5 without: for ages 40-44, 85.2 vs 5.1) 
Excess hospitalization rate for nonfatal Mt in Britain was 3.5/year/ 100,000 users aged 30-39 and 47 for ages 40-44. Smoking 
major predisposing condition to MI. In terms of relative risk, nonsmoking OC users are twice as likely to have fatal MI as 
nonsmoking nonusers. Smoking users have a 5-fold greater risk than nonsmoking users, but a 10-12-fold greater risk than 
nonsmoking nonusers. Amount of smoking is an important factor. in determining importance of these risks, give serious 
consideration to rates in table below. Importance of other predispositions cited above in determining relative and absolute 
risks has not been quantified; it is likely the same synergism exists, but perhaps to a lesser extent. U.S. studies similarly 
relate MI, OCs, smoking, and age. 


Estimated Mortality Rate from Myocardial infarction per 100,000 Women/Year 


Aged 30-39: Users — Nonusers Aged 40-44; Users  Nonusers 
Alt smokers 10.2 26 62.0 15.9 
215 cigarettes daily 13.0 51 78.7 313 
<15 cigarettes daily 47 09 28.6 57 
Nonsmokers 18 12 weeny 10.7 74 
Smokers and nonsmokers 5.4 19 ES ee 32.8 117 


TET 
Risk of Dose: Reports of TE after use of OCs with = 50 mcg estrogen received by drug satety committees, n Bitan, Sweden, 
and Denmark were compared with distribution expected from market research sales estimates. A positive correlation was 
found between estrogen dose and reporting of TE, including coronary thrombosis, in excess of that predicted by sales. OCs | 
with = 100 meg estrogen were associated with higher TE risk than those with 50-80 mcg. Estrogen quantity may not be thé _ 
sole factor, influence of progestogens was not considered, which may be responsible for certain discrepancies in the data. ; 
No significant differences were noted between OCs containing same estrogen dose nor Sutween ethinyl estradiol and mestranol., 
In Britain certain TE conditions were associated with progestogen or estrogen dose. In Sweden reports of TE decreased when 
higher estrogen doses were no longer prescribed. Studies on TE risk with progestogen-only OCs have not been cone. Cases 
have been reported for these; they are not presumed free of risk. In a U.S. case-controtled study, relative risk of OC use 1 
month before hospitalization for various types of TE was calculated. If relative estrogenic potency and possible influence of 
different progestogens are ignored, OCs may be divided into those with <100 meg and those with > 100 meg estrogen. For 
all cases combined, larger doses were associated with only slightly higher risk: for idiopathic cases risk was doubled with 
larger doses, but confidence limits overlapped and differences were not significant. Apparently there was less increased risk 
for cases with predispositions. in FPA study no nonhemorthagic strokes occurred with <50 meg estrogen, vs 13 with higher 
doses, TE risk in users and nonusers increases with age. OCs have been considered an independent risk factor. Persistence 
of Risk after OC discontinuation was reported for circulatory disease, nonrheumatic heart disease, and cerebrovascular disease, 
including subarachnoid hemorrhage, cerebral thrombosis, and TIA. Excess Mortality trom Circulatory Diseases: A U.K. 
prospective study estimated annual mortality from circulatory diseases for OC users and nonusers by age, smoking, and 
duration of use. Excess mortality was 23/100,000 users (2 and 10 for ages 25-34. 15 and 48 for ages 35-44, 41 and 179 for 
ages >44, for nonsmokers. and smokers, respectively). Risk was significant only for smokers over 34. Most deaths were due 
to subarachnoid hemorrhage or 4echemic heart disease. Risk for ever-users rose with parity. One study estimated rsk of death 
with various contraceptive methods, each estimate including risk of method (eg, TE for OCs) plus risk due to pregnancy or 
abortion in cases of method failure. This latter risk varies with effectiveness: It cescluded mortality with atmetnadg is low 
and below that of childbirth, except for OC users ovar 40 who smoke. Heavy smokers have double the fist of smokers, light 
smokers about half. Mortality with OC use in nonsmokers over 40 is higher than with any other method in that age group. 
Lowest mortality is with condom or diaphragm backed up by early abortion. Risk of TE and thrombotic disease with OCs 
increases with age after 30 and, for Mi. is further increased by hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia, and especially cigarette smoking. Based on current data, the chart gives gross estimates of risk of 
death from circulatory disorders associated with OCs: i $ 
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Risk is: A—very high; B8—high; C—moderate: D--low. Age: <30 240 
Heavy smokers (2: 15/day} € B A 
Light smokers (<15/day) D c B 
Nonsmokers, no predispositions D eD C 
Nonsmokers, with predispositions c C8 BA 





Be alert to earliest manifestations of TE and thrombotic disorders (eg, thrombophlebitis, PE. cerebrovascular insufficiency, 
coronary artery disease, MI, retinal thrombosis, mesenteric thrombosis). Should any be suspected, discontinue OCs 
immediately. A 4-7-fold increased risk of postsurgery TE was reported in users: if feasible discontinue OCs at least 4 weeks 
before surgery or in prolonged immobilization. Before resuming OCs, weigh risks of postsurgery TE complications against 
contraceptive needs, The RCGP prospective study reported higher incidence of superficial and deep vein thrombosis in users, 
the former correlated with progestogen dose. The data sugges! varicose veins have little effect on development af deep vein 
thrombosis but substantially increase risk of superficial vein thrombosis, risk depending on severity of varicosities. 2. Ocular 
lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have been associated with OCs. Discontinue if there 
is unexplained, gradual or sudden, partial or complete loss of vision, proptosis or diplopia: papilledema: or evidence of retinal 
vascular lesions, institute diagnostic and therapeutic measures. 3, Carcinoma: Long-term estrogen in certain animals increases 
carcinomas and/or nonmalignant neoplasms, such as those of breast, uterus, cervix. vagina, ovary, liver, pituitary. Some 
synthetic progestogens, none currently in OCs, increase incidence of benign and malignant mammary nodules in dogs. There 
is evidence that estrogens increase risk of human endometrial carcinoma. In case-controlled studies, increased risk (2.2-13.9 
times) associated endometrial carcinoma with prolonged estrogen for menopausal symptoms. Risk was independent of other 
known risk factors and depended on duration of use and dose. This is supported by increased endometrial cancer incidence 
since 1969 in areas with cancer-reporting systems, which may be related to rapidly expanding estrogen use. There is no 


evidence that natural estrogens are more or less hazardous than synthetics at equi-estrogenic doses. Of the first 30 case 
endometrial carcinoma in OC users under 40, those without predispositions (eg, irregular bleeding before OCs, polycy 
ovaries) occurred nearly always with no-longer-marketed sequential OCs. No statistical association is reported sugges 
increased endometrial cancer with comb:nation or progestogen-only OCs, though individual cases were reported. Studies sl 
no increased breast cancer with OCs or estrogens. However, greater risk was noted in OC users with benign breast dise 
or long-term (2-4 years) use. One study found greater risk of breast cancer with >4 years OC use prior to first full-t 
pregnancy. Risk of breast cancer with menopausal estrogens rose and further increased with duration of follow-up. OC: 
astrogen were related to breast cancer in connection with other risk factors. Decrease in benign breast tumors in OC user 
weil known. Some studies suggested increased risk of cervical dysplasia, erosion, and carcinoma in long-term users. Cery 
microglandular hyperplasia has been reported. in summary, there is no consistent evidence from human studies of increa 
cancer risk with OCs. Close surveillance is, however, essential. In undiagnosed persistent or recurrent abnormal vag 
bleeding, consider nonfunctional causes and take diagnostic measures ta rule out malignancy. Caretully monitor users y 
strong family history of breast cancer or with breast nodules, fibrocystic disease, recurrent cystic mastitis, abnor 
mammograms, of cervical dysplasia. 4. Hepatic adenomas, etc, have been associated with OCs. In 1 study OC formulati 
with high “hormonal potency” were associated with higher risk, as was age over 30. Though benign, these lesions r 
rupture and cause fatal hemoperitoneurr in short- or long-term users. Two studies related risk to duration of use, being m 
greater after = 4 years, Long-term OC users have an estimated adenoma incidence of 3-4/year/100,000. Consider s 
lesions in users with abdominal pain, tandemess, mass, or shock. About 25% present with abdominal masses, up to | 
with acute hemoperitoneum, Radiologic and lab studies may not be helpful: liver scans may show local defect. Hep 
arteriography or CAT may be useful. Hepatocellular carcinoma risk is increased 7-20 times in users for 8 or more years, | 
duct cancer may occur with OC use. O2s are contraindicated in case of past or present, benign or malignant liver tum 
developing during use of estrogenic products. §. Use in or immediately preceding pregnancy. birth defects, malignancy 
offspring: Estrogens or progestagens during early pregnancy may seriously damage offspring. Females exposed in uterc 
OES and other nonsteroidal estrogens may have increased risk of vaginal or cervical cancer, Though OCs may not enha 
this risk, monitor such patients carefully. From 30-90% of DES-expased women develop benign vaginal or cervical adeno 
which could be premalignant. DES-exposed daughters have more unfavorable pregnancy outcomes. Males so exposed r 
develop urogenital and sperm defects. Other estrogens may mimic DES. Reports relate fetal exposure to female sex hormo! 
and congenital anomalies, eg, VACTEAL for vertebral, anal, cardiac, tracheoesophageal, renal, and limb defects. There appe 
preferential expression by males. There was a 4.7-fold increased risk of limb-reduction defects in infants exposed in uterc 
sex hormones (OCs, hormonai withdrawal pregnancy tests, or treatment for threatened abortion). Some exposures were v 
short, being only a few days. Cardiovascular defects in children exposed to female hormones, including OCs, during ei 
Pregnancy occurred in 18.2/1,000 births, compared to 7.8 for those unexposed (P<.05). More twinning was reported 
conceptions shortly after OC discontinuance. Female sex hormones were used for threatened or habitual abortion, but th 
is considerable evidence estrogens are ineffective and no evidence progestogens are effective. Triptoidy and possibly ot 
polyploidy may be increased in abortwses from women becoming pregnant soon post-OC. These almost always ab 
spontaneously It is unknown if spontaneous abortion is increased soon after stopping OCs. increased chromosome aberratic 
have been reported. Safety of OCs in pregnancy has not been demonstrated. Rule out pregnancy in using OCs and alwi 
consider it if withdrawal bleeding does sot occur. If 2 consecutive periods are missed rule out pregnancy before continui 
~it.user deviates from regimen, consider aregnancy at first missed period and withhold OCs. ff pregnancy is confirmed, appr 
Patient of potential fetal risks and discuss continuation af pregnancy, Users discontinuing for pregnancy should use alternat 
contraception for 3 months before attempting to conceive, though this is not based on precise information, Do not i 
Progestogen-only or progestogen-estrayen drugs as pregnancy tests. 6. Gallbladder disease risk, surgically confirmi 
appeared after 2 years’ use and doubled after 4-5 years in 1 study; it appeared in 6-12 months’ use in another, 7. Carbohydr 
and lipid metabolism: Decreased glucose tolerance occurs in a significant number of users; carefully observe diabetic a 
prediabetic patients, Triglycerides, total shospholipids, and lipoproteins may increase, 8, Elevated blood pressure (BP) oca 
in some users in a few months, and degree may relate to progestogen dose. Hypertension prevalence in users i$ not higt 
in the first year, but increases with longar exposure: in the Sth year it is 2%--3 times the first year, Age is strongly correlat 
with hypertension in users. Those with history of elevated BP (hypertension), preexisting renal disease, history of toxemia 
elevated BP in pregnancy, familial tendency to hypertension or its consequences, or history of excessive weight gain or fir 
retention during menstrual cycies may be more likely to develop elevated BP on OCs and should be monitored closely. Ev 
though elevated BP may be in “normal” range, do not ignore implications. Follow closely, particularly those with other r 
factors for cardiovascular disease or stroke. High BP may or may not persist after stopping OCs. 9. Headache: Onset 
exacerbation of migraine or developmen: of headache of a new pattern that is recurrent, persistent, or severe requires stoppi 
OCs and evaluating cause. 10. Bleeding irregularities: Breakthrough bleeding (BTB), spotting, and amenorrhea are freque 
reasons for discontinuing, In BTB, as in all cases of irregular bleeding, consider nonfunctional causes. in undiagnos 
persistent or recurrent bleeding, rule out pregnancy or malignancy. If pathology is excluded, time or change to another prodi 
may suffice. Change to a higher-estragen OC only when necessary as this may increase thromboembolic risk. Those w 
history of oligomenorrhea or secondary amenorrhea or without established regular cycles may be anovulatory or amenorrh: 
after discontinuing. Those with such problems should be so informed and other methods encouraged. Post-use anovulatic 
possibly prolonged, may occur in women without previous irregularities. Higher incidence of galactorrhea and ot pituite 
tumors has been associated with postpdl amenorrhea. One study reported 16-fold increased prevalence of pituitary prolact: 
secreting tumors in patients with postpil! amenorrhea when galactorrhea was present. 11. Ectopics: In failures with combinati 
OCs, the ratio of ectopic to intrauterine pregnancies is no higher than in nonusers, There may be increased risk of ectopi 
aher discontinuing. 12. Breast feeding: OCs may decrease quantity and quatity of milk, A small fraction of OC steroids appea 
in milk, Effects if any on child are unknown. H feasible deter OCs until after weaning. 13. Infertility may occur after discontinui 
OCs. While impairment diminishes with time, there ig still an appreciable difference in nulliparas aged 25-29 after 30 month 
difference is negligible after 48 months. In nullips aged 30-34 impairment persists to 72 months and ig more severe for 
year users, in paras aged 25-34, difference is negligible after 30 months. Precautions: Conduct complete history and physic 
prior to OC use and annually thereafter. include breasts, abdomen, and pelvis, with BP Pap, and tab tests Preexisting uteri 
leiomyomata may enlarge, Mental depression may occur. with positive history, observe carefully and discontinue if serio: 
recurrence. Fluid retention may occur; srescribe cautiously and monitor carefully in convulsive disorders, migraine, asthm 
or cardiac, hepatic, or renal dysfunction. History of jaundice in pregnancy increases risk of recurrence on OCs: obser 
carefully and discontinue if it occurs. Cholestatic jaundice occurred after OC and troleandomycin use. OC/cyclosporil 
combination may be hepatotoxic, Stercids may de poorly metabolized in liver dysfunction and should be given cautious 
Tryptophan metabolism may be disturbed and result in pyridoxine deficiency: megaloblastic anemia has been reported. Seru 
folate may be depressed and may be exacerbated in post-OC pregnancy Advise pathologist of OC use when submittit 
Specimens. Endocrine and fiver tunctior tests may be altered: repeat abnormal tests after stopping for 2 months, These har 
been observed: increased BSP retention and other abnormalities in liver function tests; increased prothrombin and coaguiatic 
factors Vil. Vill, IX. X; decreased antithrombin Ili, increased platelet aggregability; increased thyroid-binding globulin leadir 
to increased circulating total thyroid hormone (PBI, T4); decreased T uptake, unaltered free T*, decreased pregnanedi 
excretion: reduced metyrapone response; increased blood transcortin, corticosteroid, triglyceride, phospholipid, reduced seru 
folate: impaired glucose tolerance; altered plasma trace minerals. influence of prolonged OC use on pituitary, ovarian, adren: 
hepatic, or uterine function. or on immune response not established. OCs may mask onset of climacteric. Cervical chlamydi 
prevalence is increased: do not assume OC protects against chlamydia! PID. Information for patients. See patient labelin 
Drug interactions. OC effectiveness mey be decreased and more BTB occur with rifampin, isoniazid, ampicillin, neomyci 
penicillin V, tetracycline, chloramphenicol, sulfonamides, nitrofurantoin, griseofulvin, barbiturates, phenytoin, carbamazepin 
primidone, phenylbutazone. analgesics, tranquilizers, antimigraines, OCs may alter effectiveness of oral anticoagulant 
anticonvulsants, tranquilizers. tricyclic antidepressants, antihypertensives. theophylline, caffeine, vitamins, hypoglycemic 
clofibrate, glucocorticoids, acetaminophen. Adverse reactions: increased risk of the following serious adverse reactions hi 
been associated with OCs: thrombophiebitis and thrombosis: pulmonary embolism; arterial thromboembolism: Raynaud 
disease, myocardial infarction, coronary thrombosis: cerebral thrombosis; cerebral hemorrhage: hypertension: galibladd 
disease, Budd-Chian syndrome; benign adenomas and other hepatic lesions, with or without intra-abdominal bleeding, liv 
cancer, congenital abnormalities. There :s evidence of association between the following and OCs, though confirmatory studi 
have not been done: mesenteric thrombosis; neuro-ocular lesions, eg, retinal thrombosis and optic neuritis, The following ai 
believed drug related: nausea, vomiting, gastrointestinal symptoms, BTB, spotting, change in menstrual flow, dysmenorrhe 
amenorrhea during and after use, infertility post-OC, edema, chloasma or melasma, which may persist post-OC, brea 
changes (tendemess, enlargement, secretion}, weight changes, change in cervical erosion and secretion, endocervic 
hyperplasia, lactation decrease, cholestatic jaundice, migraine, enlarged uterine feiomyomata, allergic rash, mental depressio 
reduced carbohydrate tolerance, vagina’ candidiasis, change in corneal curvature (steepening), intolerance to contact lense: 
Association not confirmed or refuted for. premenstrual-like syndrome, cataracts, libido changes, chorea, appetite change: 
cystitis-like syndrome, headache, paresthesia, nervousness, dizziness, auditory disturbances, rhinitis, fatigue, backach: 
hirsutism, scalp hair loss, erythema multiforme or nodosum, hemorrhagic eruption, herpes gestationis, hemolytic uremi 
malignant hypertension, itching, vaginitis, porphyria, impaired renal function, acute renal failure, sometimes irreversible, PVC: 
abnormal EKG, pulmonary hypertension, TTP. anemia, pancreatitis, hepatitis, colitis, Crohn's disease, gingivitis, dry socke 
lupus erythematosus, rheumatoid arthritis, pituitary tumors (eg, adenoma) with amenorrhea and/or galactorrhea after us: 
malignant melanoma, endometrial, cervical, breast, and bile duct carcinoma. Acute overdosage: Serious ill effects have m 
been reported after large acute doses of OCs in young children. Nausea and withdrawal bleeding might occur. Impartant aot 
Complete prescribing information should be consulted prior to use and is available on request. 
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Phase II trial of ifosfamide and mesna in mixed mesodermal 
tumors of the uterus (A Gynecologic Oncology Group Study*) 


Gregory P. Sutton, MD, John A. Blessing, PhD,’ Neil Rosenshein, MD,‘ 


Guy Photopulos, MD," and Philip J. DiSaia, MD" 


Indianapolis, Indiana, Buffalo, New York, Baltimore, Maryland, Memphis, Tennessee, 


and Orange, California 


A phase Il trial of ifosfamide (isophosphamide, NSC 109724) and mesna (2-mercaptoethane sodium 
sulfonate, NSC 113891) in women with advanced or recurrent mixed mullerian tumors of the uterus was 
conducted by the Gynecologic Oncology Group. The starting dose of ifosfamide was 1.5 gm/m? daily, 
intravenously, for 5 days. The starting dose of ifosfamide was reduced 1.2 gm/m? daily in patients who 
had received prior radiotherapy. Mesna was given intravenously immediately and at 4 and 8 hours after 
the administration of ifosfamide. Each mesna dose was 20% of the total daily dose of ifosfamide. 
‘Twenty-nine patients are evaluable for toxicity, and 28 patients are evaluable for response. Twenty-one 
patients had received prior abdominal hysterectomy, and eight patients had prior radiotherapy. Thirteen 
tumors were homologous and 15 heterologous. Gynecologic Oncology Group grade 3 or 4 
granulocytopenia occurred in seven (25%) patients and two (7.1%) had grade 3 or 4 thrombocytopenia. 
Two patients (7.1%) had grade 3 or 4 neurotoxicity. One patient experienced lethargy and confusion that 
responded to discontinuation of the ifosfamide. A second patient developed progressive cerebellar 
dysfunction, left hemiparesis, and coma. This patient died after 3 days of therapy. Complete responses 
were seen in five (17.9%) patients and partial responses occurred in four (14.3%) patients for a total 
response rate of 32.2%. These results indicate that ifosfamide is an unusually active drug in patients with 
advanced or recurrent mixed mullerian tumors of the uterus. Studies with combination regimens 
incorporating ifosfamide are warranted. The toxicity of ifosfamide in Gynecologic Oncology Group studies 
is being evaluated retrospectively. (AM J Oastet GYNecoL 1989;161:309-12.) 


Key words: Ifosfamide, mesna, mullerian tumors 


Although ifosfamide was first synthesized in Ger- 
many in the mid-1960s, severe urothelial toxicity pre- 
vented widespread evaluation of the drug until the uro- 
protector mesna (2-mercaptoethane sodium sulfonate) 
became available. Since the introduction of mesna, ifos- 
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famide has been found to be highly active in the treat- 
ment of malignant lymphomas and pancreatic, testic- 
ular, and ovarian carcinomas. 

With the exception of doxorubicin, ifosfamide pos- 
sesses unsurpassed activity in the treatment of soft tis- 
sue sarcomas. Bramwell et al.' compared cyclophos- 
phamide with ifosfamide in advanced soft tissue sar- 
comas. The response rate in previously untreated 
patients was 25% with ifosfamide and 13% with cyclo- 
phosphamide. Other authors’ have confirmed response 
rates of 23% to 65% in previously treated patients with 
soft tissue sarcomas. Ifosfamide is also active in osteo- 
sarcoma and Ewing’s sarcoma. 

Because of these promising results, the Gynecologic 
Oncology Group elected to initiate a phase II trial of 
ifosfamide and mesna in the treatment of patients with 
uterine sarcomas refractory to surgery and radiother- 
apy but untreated with previous chemotherapeutic 
agents. The results of ifosfamide therapy in mixed mul- 
lerian tumors are reported herein; results in other uter- 
ine sarcomas are pending at this writing. 


Methods 


Patients with histologically proved advanced or re- 
current mixed mesodermal (malignant mixed muller- 
ian) tumors of the uterus not amenable to curative ther- 
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Table I. Clinical response to ifosfamide 
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Table II. Response by hematologic toxicity 












Response 


GOG performance status 


0 4 3 2 3 12 

I 0 Q 5 6 11 

2 I l 3 0 5 
Prior pelvic radiotherapy 

Yes l 0 4 3 8 

No 4 4 6 6 20 
Prior hysterectomy 

Yes 5 2 7 7 21 

No 0 2 3 2 





CR, Complete response; PR, partial response; SD, stable 
disease; Prog, progressive disease; GOG, Gynecology Oncology 
Group. 


apy but unexposed to prior chemotherapeutic agents 
were eligible for this study. Additional eligibility criteria 
included measurable disease by physical examination 
or medical imaging technique. Ascites and pleural ef- 
fusions were not considered measurable disease. Also 
required were Gynecologic Oncology Group perfor- 
mance status 2 or better (Karnofsky 50-100), an interval 
of at least 3 weeks since any prior tumor-oriented ther- 
apy, absence of significant infection, and recovery from 
recent surgery or radiotherapy. Adequate hemato- 
logic (white blood count =3000/pl; platelet count 
2100,000/1), hepatic (serum bilirubin, aspartate ami- 
notransferase, and alkaline phosphatase <two times 
normal), and renal (serum creatinine =2.0 mg/dl or 
creatinine clearance =50 ml/min) function tests. In- 
formed consent was obtained from all subjects, and 
none was treated until the study was approved by the 
Human Investigations Committee of the participating 
institution. 

Criteria for exclusion were absence of measurable 
disease, prior chemotherapy, Gynecologic Oncology 
Group performance status of 23, presence of a second 
malignancy excluding squamous or basal skin lesions, 
or the presence of microhematuria in excess of the 
institutional lowest normal range. 

Ifosfamide was administered intravenously daily, for 
5 days, every 4 weeks, at a dose of 1.5 gm/m’. This 
dose was reduced to 1.2 gm/m? in patients with prior 
radiotherapy. Mesna (300 mg/m’) was given intrave- 
nously every 4 hours, for three doses, after ifosfamide 
administration. 

History and physical examination with assessment of 
evaluable lesions, Gynecologic Oncology Group per- 
formance status, blood chemistries, blood urea mitro- 
gen, creatinine, and microscopic urinalysis were per- 
formed before each cycle of therapy, and complete 
blood count, differential, and platelet counts were ob- 
tained weekly. Abdominal pelvic computed tomogra- 









Response 


Adverse effect 
WBC: GOG grade 





0 0 0 I 4 5 
1 0 0 0 1 1 
2 3 l 3 2 9 
3 2 3 1 0 6 
4 Q Q e) 2 7 
Total 5 4 10 9 28 
Platelet GOG grade 
0 5 2 7 7 21 
l 0 l 2 l 4 
2 0 l 0 0 ] 
3 0 0 l 0 l} 
4 0 0 Q l 1 
Total 5 4 10 9 28 





CR, Complete response; PR, partial response; SD, stable 
disease; Prog, progressive disease; WBC, white blood count; 
GOG, Gynecology Oncology Group. 


phy scans were used unless tumor parameters were 
assessed by examination or chest radiograph. 

Drug administration was delayed after hematologic 
toxicity until white blood count was >3000/w,l, platelet 
count was >100,000/pl, and granulocyte count was 
>1500/pl. Patients were considered evaluable for tox- 
icity if just one course of therapy was given and 
evaluable for response after a single course of therapy 
if there was clearcut progression. In other cases patients 
remained in the study until disease progression was 
noted or adverse effects prevented further therapy. 
Response duration was calculated from the date of re- 
sponse until documentation of disease progression. 
Standard Gynecologic Oncology Group response cri- 
teria were used." 


Resuits 


Between May 1986 and March 1988, 30 patients were 
entered into the study. One never received therapy, 
which left 29 patients evaluable for toxicity. One patient 
died during the first course of therapy, leaving 28 pa- 
tients evaluable for response. The median age of 
evaluable patients was 68 years (range, 36 to 86 years). 
Twenty-one patients had undergone prior hysterec- 
tomy, one had laparotomy only, and six had no surgery. 
Fight patients had received prior pelvic radiotherapy. 
Fifteen patients had heterologous tumors, and 13 had 
tumors that contained homologous elements. 

Response. Table I outlines the clinical results of ther- 
apy with ifosfamide. Five patients (17.9%) had com- 
plete responses and four (14.3%) had partial responses, 
for an overall response rate of 32.2%. In addition, 10 
patients, or 35.7%, had stable disease. Response du- 
ration was 1.4+ to 8.6 months, with a median response 
duration of 3.8 months. Three patients are progression 
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free at 1.4, 3.0, and 4.8 months. Response by Gyne- 
cologic Oncology Group performance status is shown 
in Table I. Responses were equally divided between 
heterologous and homologous tumors. Sites of re- 
sponding lesions included vagina (four), pelvis (two), 
lung (two), and suprapubic skin (one). Median age for 
complete responders was 72 years (range, 36 to 76 
years) and 661% years (range, 63 to 76 years) for partial 
responders. Only one response occurred in a patient 
receiving prior radiotherapy; the other eight respond- 
ers had not received radiotherapy. Complete respond- 
ers received a median of six courses of chemotherapy 
(range, five to 16 courses), and partial responders were 
treated with a median of 6% courses (range, four to 10 
courses). Responses by adverse hematologic effects are 
detailed in Table I. 

Toxicity. Twenty patients were treated at an initial 
dose of 1.5 gm/m? for 5 days; the remainder had an 
initial dose of 1.2 gm/m* because of prior radiotherapy. 
Thirteen patients (46.4%) experienced Gynecologic 
Oncology Group grade 3 or 4 leukocytopenia (white 
blood count $200/pl), and seven (25%) had granulo- 
cyte counts of <1000/pl. The median white blood 
count nadir for all patients with leukocytopenia was 
1700/l (range, 200 to 3400}. White blood count and 
platelet adverse effects are outlined in Table H. 


Two patients (7.1%) developed thrombocytopenia of 


<50,000/pl. The median nadir for patients with 
thrombocytopenia was 117,000/pl (range, 4000 to 
147,000 pl). No patient experienced granulocytopenic 
fever or thrombocytopenic hemorrhage. 

Other adverse effects are listed in Table HI. One 
patient each developed grade 3 or 4 neurotoxicity. The 
first patient became lethargic and disoriented but re- 
sponded within 24 hours to the withdrawal of ifosfam- 
ide and mesna. A second patient developed cerebellar 
dysfunction, left hemiparesis, progressive coma, and 
death during the first course of therapy with ifosfamide 
and mesna after 3 days. Neurologic evaluation, includ- 
ing a brain computed tomography scan and hepatic 
and renal function studies, was normal before the 
patient’s death. Lumbar puncture was not performed, 
and permission for autopsy was not granted. 

Hematuria was not observed in this patient popula- 
tion despite prior radiotherapy in many subjects. There 
was no grade 3 or 4 renal toxicity. 


Comment 


Although hysterectomy may be curative in a small 
proportion of patients with early mixed mullerian tu- 
mors of the uterus, therapy of these sarcomas has been 
largely unsuccessful. Reported 5-year survival rates in 
Stage I disease seldom exceed 50%. Although some 
authors’ have recommended adjunctive pelvic radio- 
therapy in early disease, the benefit of this type of treat- 
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Table IH. Other adverse effects 
Grade 












Adverse effect 


Leukopenia 6 l 9 6 7 29 
Thrombocytopenia 22 4 1 1 l 29 
Granulocytopenia 20 l 1 3 4 29 
Gastrointestinal 10 4 15 0 0 29 
Dermatologic 8 0 1 10 0 29 
Renal 16 hH 2 0 0 29 
Cardiac 26 2 0 1 0 29 
Neurologic (central) 24 2 0 2 1 29 
Pulmonary 27 l 0 1 0 29 
Fever 27 1 0 1 0 29 
Anemia 27 l 0 0 29 





ment remains controversial.’ Adjunctive chemotherapy 
is also unproved; patients with Stage I disease treated 
with doxorubicin after surgery had no better survival 
than control subjects undergoing surgery alone in a 
study conducted by the Gynecologic Oncology Group.’ 

In advanced or recurrent disease, treatment with 
chemotherapy may produce responses, but they are 
rarely complete or of long duration. Evaluation of che- 
motherapeutic agents in mixed mullerian tumors has 
been hampered because most studies fail to differen- 
tiate these neoplasms from other uterine or soft tissue 
sarcomas. The Gynecologic Oncology Group first dem- 
onstrated the differential sensitivity of uterine sarcomas 
to drug therapy.* In this report there was a response 
rate of 25% in patients having uterine leiomyosarcomas 
treated with doxorubicin, whereas subjects with mixed 
mesodermal sarcomas demonstrated only a 15% re- 
sponse rate to the same drug. The addition of dacar- 
bazine to doxorubicin yielded no improvement in ei- 
ther group of patients. Cisplatin has definite activity as 
a second-line agent in refractory mixed mullerian 
tumors. 

Thigpen et al.° reported an 18% response rate in 
previously treated patients given a dose of 50 pg/m” 
of cisplatin intravenously every 3 weeks. Two patients 
developed complete responses and had progression- 
free intervals of 14 and 16 months. No other single 
chemotherapeutic agent studied by the Gynecologic 
Oncology Group has produced results superior to those 
of cisplatin or ifosfamide. 

Combination therapy may produce results more fa- 
vorable than those obtained with single drugs. Piver 
et al." reported a 23% response rate, with 12% com- 
plete responses, with a combination of cyclophospha- 
mide, vincristine, doxorubicin, and dacarbazine. Han- 
nigan et al." also reported a 29% response rate (13.3% 
complete) in patients with uterine sarcomas treated 
with cyclophosphamide, dactinomycin (Actinomycin 
D), and vincristine. However, there is no current evi- 
dence from randomized trials that combination therapy 
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offers an advantage as single drug therapy in the man- 
agement of uterine sarcomas. 

Ifosfamide-based combination regimens are begin- 
ning to show promise in the management of soft tissue 
sarcomas. This drug has been combined effectively with 
doxorubicin in phase H studies. Schutte et al.” reported 
a 36% response rate, including 6.3% complete re- 
sponses in 126 evaluable patients treated with a 1-day 
regimen of ifosfamide and doxorubicin. Sledge et al.” 
reported that 16 of 39 responders (41%) used a similar 
regimen. Elias et al." added dacarbazine to these two 
drugs and observed responses in 13 of 29 patients 
(45%), with 3 patients or 10% having complete re- 
sponses. The Gynecologic Oncology Group is currently 
performing a phase IH study using ifosfamide with or 
without cisplatin in the therapy of advanced uterine 
sarcomas. 

The incidence of neurotoxicity (7.1%) in the present 
study is lower than that observed by others but may 
have been underreported in the early portion of this 
study. Mild neurotoxicity consisting of a decreased level 
of arousal and somnolence was difficult to detect in the 
presence of lorazepam, and antiemetic was used fre- 
quently during this trial. The person who had pro- 
gressive confusion and stupor responded rapidly to the 
discontinuation of ifosfamide. Although lethal toxicity 
of the central nervous system has been reported after 
single doses of ifosfamide >3 gm/m?, this complication 
is previously unreported in patients receiving doses 
fractionated over 5 days. Moreover, the pattern of neu- 
rotoxicity in the one death in the present study is atyp- 
ical for adult patients. Most often a decreased level of 
arousal is noted, although other central nervous system 
manifestations, such as confusion, hallucinations, for- 
getfulness, cerebellar signs, weakness, incontinence, 
and seizures, have been reported. Hemiparesis as an 
isolated neurologic finding is unreported to the best of 
the authors’ knowledge but may be attributable to ex- 
posure to ifosfamide. 

The neurotoxicity of ifosfamide is not well under- 
stood but may be related to the accumulation of the 
metabolite chloracetaldehyde. Oxidation of ifosfamide 
may release 10-fold more chloracetaldehyde than me- 
tabolism of similar amounts of cyclophosphamide. This 
metabolite is related to both acetaldehyde and tri- 
chloracetaldehyde, breakdown products of ethanol and 
chloral hydrate, respectively. Differences in neurotox- 
icity observed between patients or reported in various 
trials may be attributable to diverse rates of osfamide 
administration, variations in hepatic or renal clearance 
of chloracetaldehyde, or differential sensitivity of the 
central nervous system to this compound. The Gy- 
necologic Oncology Group is presently reviewing neu- 
rologic toxicity among patients treated in a variety of 
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ifosfamide trials to identify factors that may predispose 
to this side effect of therapy. During treatment with 
ifosfamide, an effort should be made to minimize con- 
comitant medication with active agents of the central 
nervous system, such as antiemetics, hypnotics, or anti- 
histamines. 
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Ceramide lactoside in amniotic fluid: High concentration in 
chorioamnionitis and in preterm labor 


Mikko Hallman, MD, DrMedSci, Kristiina Bry, MD, and Olli Pitkanen, MD 


Helsinki, Finland 


The mechanisms responsible for the onset and progression of preterm labor are poorly understood. In the 
present study a total of 115 amniotic fluid specimens were analyzed for a lipid that has not previously 
been detected in amniotic fluid. This glycolipid was identified as ceramide lactoside. It was found in 
two-dimensional thin-layer chromatograms for evaluation of lung maturity and quantified by gas 
chromatography. Ceramide lactoside concentrations in amniotic fluid were low in spontaneous labor at 
term (1.7 + 0.7 nmol/ml) and in pregnancies that were not associated with spontaneous preterm labor 
(1.4 + 0.6 nmol/mi). The concentrations were high in chorioamnionitis with signs of infection (11.8 + 5.8 
nmol/mil) and in preterm labor without clinical signs of chorioamnionitis (5.4 + 4.0 nmol/mi). A high 
ceramide lactoside (5 nmol/ml) predicted chorioamnionitis with signs of infection at a sensitivity and a 
specificity of 94% and 95%, respectively. A moderately high ceramide lactoside concentration (22.5 
nmol/ml) predicted spontaneous preterm labor: sensitivity, 82%; specificity, 95%. Little, if any, ceramide 
lactoside was present in urine, vernix, normal fetal membranes, or lung effluent, whereas this glycolipid 
was present in large amounts in granulocytes and in inflamed fetal membranes. We propose that 
phagocytosing granulocytes release ceramide lactoside into amniotic fluid. (Am J OBSTET GYNECOL 


1989;161:313-8.) 


Key words: Preterm labor, diagnosis of chorioamnionitis, amniotic fluid 


Preterm birth is the primary cause of neonatal death 
and morbidity. The identity of the signals involved in 
the onset and progression of normal and premature 
labor is still controversial.'* Our deficient understand- 
ing of the pathogenetic mechanisms involved has in- 
hibited the development of effective methods to iden- 
tify high-risk cases or to prevent and treat premature 
labor. According to the current hypothesis, mobiliza- 
tion of arachidonic acid and synthesis of prostaglandins 
in fetal membranes play important roles in initiation, 
propagation, or modulation of human parturition." 

Preterm labor is often associated with infection or 
chorioamnionitis. Bacterial phospholipases have been 
suggested to release arachidonic acid from the fetal 
membrane~associated phospholipids and so promote 
preterm labor.’ In theory, the inflammatory cells within 
the fetal membranes could help to precipitate prema- 
ture labor. During inflammation, products of poly- 
morphonuclear leukocytes accumulate in the transcel- 
lular space (for instance, in pulmonary alveolar fluid)" 
This may also apply to the amniotic fluid. 

The fetal lung is a source of amniotic fluid phos- 
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pholipids, which serve as reliable indices of lung ma- 
turity, Additionally, amniotic fluid lipids may be de- 
rived from fetal membranes, skin, blood, and exere- 
tions or from cells in the amniotic fluid, We have. 
recovered amniotic fluid during preterm labor fo 
uation of fetal lung maturity. Surprisingly, most o 
these specimens contained large quantities of a lipid 
that was identified as ceramide lactoside. We addition- 

ally describe the possible source and the concentrations 
of ceramide lactoside in amniotic fluid in normal and 
complicated pregnancies. 


Patients and methods 

A total of 115 amniotic fluid specimens were studied. 
In 80 cases the specimen was obtained by transabdom- 
inal amniocentesis. Fourteen samples were recovered 
during speculum examination of patients with rupture 
of the fetal membranes, 17 by amniocentesis during 
cesarean section, and 4 by amniocentesis after delivery 
of a fetus with intact membranes. The indications for 
transabdominal amniocentesis were preeclampsia (13 
cases), isoimmunization (9 cases), maternal diabetes (32 
cases), premature labor (5 cases), suspected fetal ab- 
normality (12 cases), premature rupture of the fetal 
membranes (5 cases), and unknown gestational age that | 
was verified by examination of the newborn (4 cases). 
None of the specimens were visibly contaminated with 
blood or meconium. The amniotic fluids were centri- 
fuged for 10 minutes at 150 g, and the supernatant 
stored at — 20° C before-the analysis. 

The diagnosis of preterm labor (<37 weeks) was 
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Fig. 1. Thin-layer chromatogram of amniouc fluid illustrat- 
ing various phospholipids and ceramide lactoside (LacCer). 
Plates were developed in two directions with specific solvents” 
and stained with iodine. A, Chorioamnionitis. X was identi- 
fied as ceramide lactoside. B, Normal term pregnancy, cer- 
amide lactoside standard added. L, Lecithin; $, sphingomy- 
elin; PI, phosphatidylinositol; PE, phosphatidylethanolamine; 
PG, phosphatidylglycerol, BMA, bis-(monoacylglycerol) phos- 
phate; O, origin. 


made when the following symptoms either were pres- 
ent (35 cases)’ or became evident within 3 days (4 cases): 
(1) uterine contractions (4 times per 20 minutes or 8 
times per 60 minutes) and cervical changes (effacement 
of 280% or dilatation of 22 cm) or (2) uterine con- 
tractions and rupture of the fetal membranes before 
37 weeks. In each case the preterm delivery took place 
within 0 to 10 days after the specimen was taken. 
Chorioamnionitis was suspected when there was rup- 


ture of the fetal membranes, when there were signs of 


infection (maternal fever, elevated C-reactive protein 
level, leukocytosis, positive maternal cultures), or when 
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Lactosyiceramide (nmol/ml) 





24 26 28 30 32 34 36 38 40 
Gestation (weeks) 


Fig. 2. Concentration of ceramide lactoside in the amniotic 
fluid. Open squares, No preterm labor; solid triangles, preterm 
labor without clinical signs of chorioammnionitis; solid squares, 
chorioamnionitis with signs of infection and preterm labor. 
None had symptomatic chorioamnionitis without labor. 


the fetal membranes were malodorous and opaque. In 
these cases the placentas and fetal membranes were 
examined microscopically by a pathologist. Chorioam- 
nionitis was diagnosed when the fetal membranes, in- 
tervillous space, or chorionic plate showed clusters of 
polymorphonuclear leukocytes (>5 per high-power 
field) migrating into the chorionic plate on the fetal 
side of the intervillous space. 

The presence of ceramide lactoside in amniotic fluid 
was verified essentially as described previously.’ The 
main features are pointed out briefly here. The lipid 
was isolated by thin-layer chromatography as a doublet 
characteristic of ceramide lactoside from extraneural 
tissues. It contained equimolar quantities of galactose 
and glucose. According to gas chromatographic anal- 
ysis,’ the ratio of sphingosine to glucose and galactose 
was 1.00:1.05: 1.09 (n = 4). 

For quantification of ceramide lactoside, the to- 
tal lipids were isolated by chloroform-methanol ex- 
traction, and the glycolipids were “separated” on 
high-performance thin-layer chromatography plates 
(Merck, Darmstadt). The chromatograms were devel- 
oped in one direction with chloroform-methanol—2.5 
mol/L ammonium hydroxide, 60:35:8 (vol/vol/vol). 
Alternatively, we used two-dimensional thin-layer chro- 
matography, as described previously for fetal lung ma- 
turity.’” The lipids were visualized with iodine. Hexose- 
containing lipids were stained with orcinol in sulfuric 
acid, and those containing neuraminic acid with resor- 
cinol in hydrochloric acid. The area of the chromato- 
gram that corresponded to the ceramide lactoside stan- 
dard was stained with iodine and orcinol. It was scraped 
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Table I. Concentrations of ceramide lactoside 
in amniotic fuid 





Ceramide 
lactoside Gestation 
Condition {nmoli ml) (wk) 





Preterm gestation, no labor 52 16+ 0.9 31.6 + 3.8 
Preterm labor, no cho- 22 54440 29.5 + 3.1 
rioamnionitis, with signs 
of infection 
Preterm labor, symptomatic 17 118+ 5.8 29.3 + 3.8 
chorioamnionitis 
Term gestation, no labor 20 15 +06 37.9 + 0.6 
Term labor 4 1.7+07 382+ 11 





from the gel and eluted with chloroform-methanol- 

water, 5:5:1.1 (vol/vol/vol). The eluate was dried, 
and the glycolipid degraded in hydrochloric acid- 
methanol.* The carbohydrates released were analyzed 
with a Hewlett-Packard 5890 gas chromatograph. 
a-Methylmannoside was used as internal standard. The 
temperature of the capillary column (cross-linked 
methyl silicone, 25 m, Hewlett-Packard) was pro- 
grammed from 80° to 240° C. Hydrocarbons were de- 
tected with a flame ionization detector and quantified 
with a Hewlett-Packard 3390 A integrator. The pres- 
ence of equimolar quantities of galactose and glucose 
in all specimens confirmed the specificity of the assay. 
The concentration of ceramide lactoside was calculated 

zon the basis of the quantity of galactose, which was 
corrected for the recovery of ceramide lactoside, 
69% + 12%. 

The lecithin/sphingomyelin ratio and phosphatidyl- 
glycerol were measured semiquantitatively after isola- 
lion of individual phospholipids by two-dimensional 
thin-layer chromatography as described previously.” 
Peripheral blood granulocytes were isolated by density 
gradient centrifugation and subsequent Ficoll-Paque 
centrifugation.'' For isolation of amnion, reflected 
parts of the fetal membranes were removed from the 
placentas and washed with isotonic saline solution. The 
amnion was peeled from the chorion laeve. 

The statistical analyses were performed with a Mac- 
intosh SE computer and a Stat View 512+ program 
(Brain Power, Inc, Calabasas, Calif.). Linear regression 


analysis was used to test whether the concentration of 


ceramide lactoside was correlated with gestational age. 
The dependence of ceramide lactoside on additional 
qualitative factors (sex, complications of pregnancy) 
was evaluated by multiple regression analysis. The re- 
sults were expressed as means + SD. The concentra- 
tions of ceramide lactoside were compared by the ¢ test 
or by the Wilcoxon rank sum test. 


Results 


Amniotic fluid was recovered from preterm: preg- 
` nancies or, in some cases, at preterm birth for evalu- 
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Fig. 3. Percentage distribution of ceramide lactoside concen- 
tration in amniotic fluid from preterm pregnancies. Open 
squares, No labor (n = 52); solid triangles, spontaneous labor 
without clinical signs of chorioamnionitis (n = 22); ° solid 
squares, symptomatic chorioamnionitis and spontaneous labor 
(n = 17). 


ation of fetal lung maturity and the need of surfactant 
therapy. The amniotic fluid at term was obtained either 
during vaginal delivery or during elective cesarean sec- 
tion and used for isolation of human surfactant, Sur- 
prisingly, the specimens recovered during preterm la-.. 
bor often contained a lipid, which in the other speci- : 
mens was either indistinguishable or barely detectable. 
In two-dimensional thin-layer chromatography the- 
lipid migrated rather closely to phosphatidylglycerol 
(Fig. 1). In contrast to phosphatidylglycerol, it con- 
tained neither phosphorus nor neuraminic acid but 
stained for hexose. 

Specimens of amniotic fluid that contained large 
quantities of the unknown lipid were therefore devel- 
oped by one-dimensional thin-layer chromatography 
for glycolipids, with the appropriate standards. The 
major glycolipid was identified as ceramide lactoside 
(see Patients and methods section). It migrates as a 
doublet, because the fatty acids of ceramide lactoside 
are not uniform. 

An accurate method was designed for quantification 
of ceramide lactoside, involving both thin-layer and 
gas-liquid chromatography. The interassay coefficient 
of variation was 12%. The two-dimensional thin-layer 
chromatography” method is more practical because it 
allows simultaneous evaluation of both ceramide. lac- 
toside and lung maturity. es 

Fig. 2 shows the concentration of ceramide lactoside 
in amniotic fluid as a function of gestational age. Table 
I additionally shows the concentrations of ceramide lac- 
toside in amniotic fluid from-term and preterm. preg- 
nancies. In pregnancies without labor, the concentra- 
tions of ceramide lactoside. were low and there were no 
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Table ILA. Sensitivity and specificity of ceramide lactoside in predicting chorioamnionitis with signs 
of infection 





Chorioamnionitis 
{n = 17)* 











No choriwwamnionitis 
m = 95)* 












Ceramide 
lactoside 






% 





=5 nmol/ml 16 94.1 5 








Sensitivity? 


(%) 


Specificity? 
(%) 


Overall aceuracyt 


(%) 
















5.3 94.1 94.7 94.6 








*Three cases of spontaneous preterm labor were exchided since placenta and fetal membranes were not evaluated for cho- 
rioamnionitis by a pathologist despite prolonged rupture of the fetal membranes or maternal infection. 

+Sensitivity: Correct positive test results/All positive cases x 100. Specificity: Correct negative test results/All negative 
cases X 100. Overall accuracy: Correct test results/All test results x 100. 


Table IIB, Sensitivity and specificity of ceramide lactoside in predicting chorioamnionitis in spontaneous 


preterm labor 












Preterm labor 
(n = 39) 





No preterm 
labor (n = 



















Ceramide lactoside 


22.5 nmol/ml 33 84.6 4 





differences between the various diagnostic categories 
(normal, maternal diabetes, preeclampsia, isoimmuni- 
zation). Regression analysis showed that there was no 
significant correlation between the concentration of 
ceramide lactoside and the length of gestation (p = 
0.078). In term labor ceramide lactoside was also low. 
In contrast, during spontaneous preterm labor without 
chorioamnionitis, the concentration of ceramide lac- 
toside was signficantly higher than in preterm gestation 
without labor (p = 0.102), There was no detectable cor- 
relation between the concentration of glycolipid and 
the length of gestation in preterm labor (p = 0.102). 
The concentration of ceramide lactoside was also high 
(4.9 + 1.8 nmol/ml, n = 4) in impending preterm la- 
bor (labor evident within 3 days after amniocentesis). 
Both preterm labor in twin pregnancy and “idiopathic” 
preterm labor were associated with high ceramide 
lactoside concentrations (6.2 + 5.0 nmol/ml, = 8; 
4.9 + 3.8 nmol/ml, n = 14). The ceramide lactoside 
concentration was significantly higher in preterm labor 
with chorioamnionitis than in preterm labor without 
chorioamnionitis (p < 0.01). 

For a further study of the factors that influence the 
concentration of ceramide lactoside, multiple regres- 
sion analysis was used. In addition to the length of 
gestation, the influence of the following qualitative fac- 
tors was studied: fetal sex, isoimmunization, pre- 
eclampsia, maternal diabetes, term labor, preterm labor 
without chorioamnionitis, and choricamnionitis. Only 
the last two emerged as significant variables (preterm 
labor; no chorioamnionitis: p = 0.002; chorioamnio- 
nitis: p = 10°"). 

Fig. 3 shows the percentage distribution of ceramide 
lactoside concentration in amniotic fluid in preterm 










Sensitivity Specificity Overall accuracy 
(%) (%) (%) 









84.6 94.7 91.3 


pregnancy. The group with no labor was entirely dif- 
ferent from the group with chorioamnionitis. However, 
the group with spontaneous labor but no suspicion 
of chorioamnionitis overlapped with both the other 
groups. 

Tables ITA and IIB show the sensitivity, specificity, 
and accuracy of ceramide lactoside in predicting chorio- 
amnionitis and preterm labor. The concentration limits 
for ceramide lactoside were adjusted to attain maxi- 
mum overall predictive accuracy. Ceramide lactoside 
was a sensitive and specific index of chorioamnionitis. 
Its sensitivity in predicting spontaneous preterm labor 
was 84.6%. The gestational age of the six infants who 
had low ceramide lactoside concentrations and spon- 
taneous preterm delivery was 31.3 + 3.7 weeks. 

To evaluate the possible source of the glycolipid, the 
tracheal aspirate, amnion, vernix, urine, and human 
polymorphonuclear neutrophils were analyzed. In each 
case cultures of the amniotic fluids and the tracheal 
aspirates were negative for bacteria. Only the granu- 
locytes, neutrophil-laden fetal membranes, and corre- 
sponding amniotic fluids had prominent ceramide lac- 
toside (Table HI). 


Comment 


According to the present study, the concentration of 
ceramide lactoside in amniotic fluid is strikingly and 
consistently increased in premature labor during cho- 
rioamnionitis. In preterm labor without symptomatic 
chorioamnionitis, the concentration of ceramide. lac- 
toside was higher than in term labor or no labor. These 
findings suggest that ceramide lactoside. in amniotic 
fluid could be used as a biochemical indicator of the 
imminence of preterm labor. It is uncertain what the 
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relationship is between ceramide lactoside and the spe- 
cific event causing the onset of preterm labor. This issue 
is important in terms of prevention of spontaneous 
preterm labor and of detection of high-risk patients. 

Ceramide lactoside, consisting of a ceramide moiety 
and two neutral sugars (galactose-glucose-ceramide), is 
both a precursor and a catabolic product of neutral 
glycosphingolipids. The lipophilic ceramide moiety of 
glycosphingolipids anchors the molecule to the cell 
membrane, and the hydrophilic sugars may serve as 
receptors of bioactive agents. Plasma membrane— 
associated glycolipids play a role in cell-to-cell inter- 
action, differentiation, and growth.”? Ceramide lacto- 
side, however, forms an exception, being found mainly 
in intracellular membranes.” 

Only small quantities of ceramide lactoside, if 
any, were detected in urine, vernix, bacteria, normal 
fetal membranes, or lung effluent. However, human 
granulocytes’ and the granulocyte-laden amnion 
found in chorioamnionitis contained large quantities of 
ceramide lactoside. This glycolipid is additionally re- 
leased into the supernatant by granulocytes during 
phagocytosis in vitro (unpublished observations). In 
neutrophils ceramide lactoside is remarkably abun- 
dant.” © It is therefore possible that in spontaneous 
preterm labor an increase in ceramide lactoside is in- 
dicative of inflammation, although this was not always 
verified by pathologic examination, since there was no 
clinical suspicion of chorioamnionitis. However, since 
there is often no maternal fever in pathologic cho- 
rioamnionitis,"" it is possible that the cases with high 
ceramide lactoside concentrations actually had patho- 
logic chorioamnionitis without signs of infection. In 
addition, chorioamnionitis may not be the only inflam- 
matory source of ceramide lactoside. In our series there 
were two cases of spontaneous preterm labor with high 
amniotic ceramide lactoside concentrations and an in- 
flammatory disease without pathologic chorioamnio- 
nitis: one fetus had funisitis and the other pneumonia. 
According to present figures the incidence of patho- 
logic chorioamnionitis at term is only 4% to 10%.'"° 
This is consistent with our finding of low ceramide 
lactoside concentrations suggesting a paucity of inflam- 
mation. The present data do not exclude the possibility 
that this glycolipid is released from other sources be- 
sides inflammatory cells. However, they do imply that 
preterm labor is associated with a unique enhancement 
of ceramide lactoside in amniotic fluid. 

Bacteria are a source of phospholipases that promote 
prostaglandin synthesis by releasing arachidonic acid 
from fetal membranes. Some microbes may have low 
phospholipase activity,’ and often no bacteria were cul- 
tured in amniotic Huid or fetal membranes in chorioam- 
nionitis. Although microbes are not the only cause of 
inflammation,” there are very few data at present to 
suggest that nonmicrobial factors are responsible for 
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Table III. Ceramide lactoside in amniotic 
fluid, lung effluent, and amnion* 





Ceramide lactoside/ total 
phospholipid x 100 (snol/ mal) 













Chericamnionatis 
No preterm labor| and preterm labor 


Amniotic fluid A 9.9 * 3. 
Tracheal aspirate at birth 0.4 + 0.3 0.7 + 0.4% 
Amnion 0.5 + 0.4 3.0 + 2.0 








*Granulocytes from human blood contained ceramide lac- 
toside (8.9 + 4.4, n = 4), but this glycolipid was not detected 
in urine or in vernix. 

+None of these infants had pneumonia. 


the onset and progression of chorioamnionitis. In the 
present study nine amniotic fluid samples were: cul- 
tured for pathogenic bacteria. Cultures for “myco- 
plasma, frequently found in chorioamnionitis,”’ were 
not available. Of the six specimens in chorioamnionitis, 
two were positive for bacteria; both culture-positive (8.7 
and 14.4 nmol/ml) and culture-negative (9.9 £ 3.4. 
nmol/ml) amniotic fluid samples had high ceramide 
lactoside concentrations. 

The accumulation of ceramide lactoside in the am- 
niotic fluid may in itself have no direct functional im- 
portance in the progression of preterm labor but ap- 
pears to reflect the activity of inflammatory cells. On 
the other hand, phagocytosis by leukocytes produces 
other mediators that are potentially important in trig- 
gering preterm labor. Granulocytes release arachidonic 
acid—specific phospholipase A, activity and platelet- 
activating factor.” The former conceivably activates 
prostaglandin synthesis and the latter increases intra- 
cellular calcium ions. Phosphoinositide-specific phos- 
pholipase C and phospholipase A, in fetal membranes,’ 
as well as myometrial contractility, ® are dependent 
on calcium ions. Second, proteinases released from 
phagocytosing cells effectively degrade collagen and 
elastin® and may contribute to weakening of the fetal 
membranes and to biochemical changes that take place 
during cervical maturation in preterm labor," Finally, 
the free oxygen radicals formed during phagocytosis 
may enhance prostaglandin synthesis, promote deg- 
radation of collagen, and increase chemotactic sub- 
stance.” The possible role of inflammatory cells and 
their products as mediators in the onset or progression 
of preterm labor needs further study. 
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Cardiac isoenzymes and electrocardiographic changes during 


ritodrine tocolysis 


“Hamid A. Hadi, MD, and Sabah J. Albazzaz, MD 


Augusta, Georgia 


è To investigate the potential myocardial ischemic effects of ritodrine, we studied 36 singleton and four twin 
preterm pregnancies during ritodrine therapy. We serially determined serum creatinine phosphokinase 
(CPK-MB fraction) and lactic dehydrogenase isoenzymes and performed electrocardiography before and 

during ritodrine infusion and again within the first 24 hours of oral drug therapy. We observed that serum 
. CPK-MB and lactic dehydrogenase isoenzymes remained within the normal range during therapy periods. 

The incidence of sinus tachycardia and non-specific T wave changes were 100% and 25%, respectively. In 

three of four twin pregnancies, ST-T segment depression in leads |, V}, Vs, and Vs of the 

electrocardiogram was noted. Our study suggests that (1) the recommended ritodrine regimen does not 
produce ‘direct myocardial damage, and (2) ritodrine may cause cardiac ischemia as determined by 
electrocardiography, which theoretically would progress to myocardial damage if not treated properly. (Am 


J Ossrer Gynecot 1989;161:318-21.) 


` Key words: Preterm labor, ritodrine, cardiac isoenzymes, electrocardiography 
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Ritodrine hydrochloride, a B-adrenergic agonist, was 
approved by the Food and Drug Administration in 
1980 and has been widely used in the treatment of 
preterm labor.as a potent tocolytic agent. Its use has 
been associated with frequent and. occasionally severe 
maternal cardiovascular effects. * One. of the most im- 








Table I. Clinical data of study patients 


Maternal age (yr) 

Parity 

Gestational age (wk) 

Total dose of IV ritodrine 
(mg/12 hr) 

Total dose of oral ritodrine 
(mg) until end of study 
period (average, 16 hr) 

Fluids (EV) (ml) 


IV, Intravenous. 


portant side effects of ritodrine is potential myocardial 
toxicity. Animal studies indicate that 6-mimetics in dos- 
ages not comparable with human dosages result in 
myocardial ischemia, presumably by causing intracel- 
lular adenosine monophosphate depletion.* * Human 
studies have reported transient electrocardiographic 
changes during ritodrine infusion, which also suggests 
its myocardial ischemic effect.’ However, at the present 
time well-controlled prospective data to serially ex- 
amine changes in sensitive cardiac isoenzymes with si- 
multaneous electrocardiography during ritodrine ther- 
apy are lacking. In an attempt to elucidate the myo- 
cardial ischemic effect of ritodrine, this study was 
designed to serially measure serum creatinine phos- 
phokinase (CPK-MB), lactic dehydrogenase subunits 


(LDH), and LDH,/LDH, ratio and perform electro- 


= cardiography before and during ritodrine therapy. 


Material and methods 


The study was done on 40 patients (36 singleton and 
four twin pregnancies) undergoing suppression of pre- 
term labor with ritodrine hydrochloride and under- 
taken after patients signed a consent form approved 
by the institutional review committee. Maternal age, 
parity, and race were recorded, and gestational age was 
determined from patients’ last menstrual period or by 
ultrasound examination. Criteria for enrollment in- 
cluded: (1) preterm labor as defined by regular uterine 
contractions recurring at less than 10-minute intervals, 
along with cervical dilation and/or effacement, (2) ges- 
tational age between 20 and 36 weeks, and (3) intact 
membranes. Exclusions from the study included pa- 
tients with medical complications during pregnancy, 
such as hypertension, diabetes mellitus, and heart 
disease. 

Ritodrine dosage. Intravenous infusion of ritodrine 
was administered according to a previously reported 
protocol.” The starting dose was 100 g/min and in- 
creased every 10 minutes by increments of 50 g/min 
until labor was inhibited, side effects occurred, or the 
maximum dose of 350 wg/min was reached, The in- 
fusion period was 12 hours, to be followed by 10 mg 
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Mean + SD Range 
25 + 3.2 19-32 
2+ 13 1-3 
28 + L5 25-34 
142 + 18 128-162 
210 + 18 10-280 


1320 + 80 1200-1510 





of ritodrine orally every 2 hours for first 24 hours and 
then 10 to 20 mg every 4 to 6 hours for subsequent 
days. 

Study periods. There were three study periods: be- 
fore infusion or control (A), during infusion (B), and 
oral therapy (C). Serum CPK and MB fraction, total 
and subunits of LDH isoenzymes, and a standard elec- 
trocardiogram were obtained during the preinfusion 
period and served as patients’ own control. These were 
repeated at 6- and 12-hour intervals during infusion 
and again within 24 hours of oral ritodrine therapy. 
An aliquot of blood for CPK isoenzymes was immedi- 
ately frozen, and isoenzymes were separated by elec- 
trophoresis in an agarose medium, Serum samples for 
LDH subunit (LDH, to LDH,) measurement were col- 


lected and stored at room temperature. The cardiac 


isoenzymes were measured by an automatic clinical 
analyzer kit (Dupont Company, Clinical Systems Divi- 
sion, Wilmington, Del.). This method is based on a 
coupled enzyme reaction with the generation of re- 
duced nicotinamide-adenine dinucleotide phosphate, 
which consists of the Rosalki modification of the orig- 
inal Oliver’s assay.’ The CPK-MB fraction and LDH 
isoenzymes were interpreted as abnormal if the CPK- 
MB fraction was >5% and the ratio of LDH, to LDH, 
was žl. 

Maternal systolic and diastolic blood pressures, pulse 
rate, and serum electrolytes were also measured during 
study periods. Although the preinfusion period served 
as the control period, the study was initially designed 
to use paired ¢ tests and compare the mean values of 
isoenzymes in the infusion and oral periods with those 
of the control period and consider p values <0.05 sta- 
tistically significant. 


Results 


Forty patients completed the three study periods. 
There were 36 singleton pregnancies and four sets of 
twin gestation. Clinical and laboratory data on study 
patients are shown in Table I. The results of isoenzyme 
values during study periods are illustrated in Table I. 
Total serum CPK, CPK-MB, and LDH isoenzymes re- 
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Table I. Isoenzyme data-on study patients 





Study periods 
















A 
Before infusion 


Isoenzymes 
(normal values) 








Total CPK (21-215 83 + 15 
mU/ml) 

CPK-MB (%) (0%-5%) $1411 
LDH, (20%-28%) 2) 
LDH, (30%-40%) 32 
LDH, (18%-24%) 19 
LDH, (6%-12%) 7 
LDH, (5%-10%) 6 
LDH,/ LDH, ratio (<1) 0.6 


B 
During infusion 





€ 





Oral 24 hr 


77 £22 89 + 14 79 + 18 
3.2 4 1.3 3.3 + 1.4 3.1 + 0.6 
26 25 28 
37 40 40 
23 25 23 
11 12 8 
8 l4 13 
0.7 0.6 0.7 





mained within the normal range during ritodrine study 
periods. Mean values of CPK-MB isoenzymes during 
the control periods, 6 and 12 hours of the infusion 
periòd, and during oral therapy were 3.1% + 1.1%, 
3.2% + 1.3%, 3.3% + 14%, and 3.1% + 0.6%, re- 
spectively. Mean values for LDH isoenzymes and 
LDH,/LDH, ratios were within normal limits. There 
was no change in mean systolic blood pressure during 
study periods. However, 18 patients (45%) had a dia- 
stolic blood pressure =40 mm Hg, including two sets 
of twins and 10 patients with nonspecific T wave 
changes on electrocardiography. Serum potassium level 
declined from a preinfusion rate of 3.5 + 0.72 to 
2.71 + 0.39 mEq/L during infusion of ritodrine and 
returned to 3.13 + 0.02 mEq/L during the oral phase 
of the study (p < 0.05). 

Electrocardiographic changes. All patients (100%) 
had sinus tachycardia during infusion. Ten of 40 pa- 
tients (25%) had nonspecific (ST < 1 mm above or be- 
low baseline) ST-T wave changes during intravenous 
ritodrine therapy. The QRS axis remained within nor- 
mal limits throughout the study. In three of four twin 
pregnancies, significant ST-T segment depression in 
leads I, Va Vz, and Ve were noted (>1 mm depression). 
‘Since the isoenzyme values remained within the normal 
range during study periods, we did not perform sta- 
tistical analysis except for comparison of serum potas- 
sium values, which showed significant decline during 
the infusion period. 


Comment 

Myocardial ischemia has been suggested by the de- 
velopment of chest pain and electrocardiographic 
changes during B-agonist tocolytic therapy.” * However, 
controversy exists whether ®-mimetics exert a direct 
cardiotoxic effect or symptoms of ischemia are the re- 
sult of a fall in mean arterial blood pressure and a 
shortened diastolic filling time, leading to reduced 
blood flow to the left ventricular myocardium. These 
-two theories will be addressed in this study. 


There is suggestive evidence that as with cate- 
cholamines, B-adrenergic tocolytic agents may have 
cardiotoxic effects. A well-characterized myocardi- 
opathy with subendocardial ischemia has been previ- 
ously reported in patients with pheochromocytoma." 
8-Mimetics also produce subendocardial ischemia and 
necrosis in rats, presumably as a result of an increase 
in mitochondrial calcium content and depletion of 
high-energy phosphate stores caused by excessive 
breakdown of adenosine triphosphate by calcium- 
dependent adenosine triphosphatase and resultant im- 
paired myocardial oxidative phosphorylation.""* To 
examine this hypothesis in humans during ritodrine 
tocolysis, in this study we serially measured total serum 
CPK, CPK-MB fraction, and LDH isoenzymes. CPK- 
MB is an energy-transferring enzyme and found most 
abundantly in high energy—consuming tissues, that is, 
myocardium. Abundant CPK-MB enzyme level in se- 
rum and its rapid release in association with irreversible 
myocyte injury account for its high diagnostic sensitiv- 
ity.’ Serum CPK-MB isoenzyme rises within 4 to 6 
hours after chest pain. None of our patients in this 
series had chest pain, and the CPK-MB isoenzymes dur- 
ing ritodrine infusion and oral therapy remained 
within the normal range. The LDH isoenzymes appear 
later than CPK in myocardial infarcts. The ratio of 
LDH, to LDH, of 21 has become the standard for 
confirmation of myocardial damage. This ratio re- 
mained <1 during our study periods, rejecting the hy- 
pothesis of direct myocardial injury with therapeutic 
ritodrine dosage. Since patients did not have symptoms 
during the first 24 hours of oral drug therapy and CPK 
isoenzymes remained within normal limits, we did not 
extend measurements of LDH subunits beyond this 
period. Thus we can only categorically state that en- 
zyme studies during the first 24 hours of oral ritodrine 
therapy did not reveal myocyte damage. 

Benedetti’ and Hankins" suggested that B-mimetic— 
related ischemia appears to be subendocardial in ori- 
gin. Under physiologic conditions, the ratio of suben- 









docardial to epicardial blood flow is 1:1. The combi- 
“mation of pregnancy and -mimetics diminishes aortic 
diastolic blood pressure and induces tachycardia, which 
result in a shortened diastole. 

Increased heart rate and myocardial oxygen de- 
mands that exceed supply will produce signs of isch- 
emia and may progress to myocyte damage. This in- 
triguing notion is supported by our study, in which a 
decrease in diastolic blood pressure and electrocardio- 
graphic changes, especially in twin pregnancies, were 
associated with normal cardiac isoenzymes. 

In summary, with the use of CPK and LDH isoen- 
zymes and the LDH,/LDH, ratio, this study did not 
show a direct cardiotoxic effect of ritodrine used for 
the suppression of preterm labor after a standard pro- 
tocol. However, manifestations, such as chest pain and 
electrocardiographic changes, are suggestive of myo- 
cardial ischemia caused by ritodrine-related hemody- 
namic changes, leading to decreased blood flow to the 
myocardium and may lead to myocyte damage if not 
properly treated. Increased heart rate and contractility 
in twin pregnancies compared with singleton pregnan- 
cies suggest reduced cardiac reserve. Therefore in the 
presence of any symptoms of ischemia or electrocar- 
diographic changes, ritodrine should be discontinued. 
In our institution routine electrocardiography is per- 
formed before the administration of ritodrine therapy. 
Since current ritodrine infusions yield unnecessary ex- 
| cessive plasma concentration and result in significant 
cardiovascular symptoms, the new low-dose infusion 
regimen that was recently proposed by Caritis"® may be 
beneficial in reducing cardiovascular side effects with- 
out adversely affecting the ability of the drug to inhibit 
labor. 
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Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: An unusual case report and a review of 


the literature 


Mary E. Hannah, MSc, MDCM,* Ron Gonen, MD» Eva J. M. Mocarski, MSc, MD, 
Ross Cameron, MD,” Laurence Blendis, MD, and Michael Glynn, MD*° 


Torontó; Ontario, Canada 


-A woman presented in the third trimester of pregnancy with epigastric pain, elevated liver enzymes, and 
thrombocytopenia. The frozen-section liver biopsy findings were compatible with acute fatty liver of 
pregnancy. The light and electron microscopic findings were those of preeclampsia. All clinical and 
laboratory abnormalities resolved before delivery. (Am J OssteT GYNECOL 1989;161:322-3.) 


Key words: Preeclampsia, thrombocytopenia, acute fatty liver of pregnancy 


Acute epigastric pain, elevated liver enzymes, and 


thrombocytopenia occurring in the third trimester of 


pregnancy may be a manifestation of preeclampsia, 
acute fatty liver of pregnancy, or a non-pregnancy- 
induced liver disorder such as hepatitis. The following 
is an unusual case in which a transjugular liver biopsy 
raised more questions than it answered. 


Case report 

. A 32-year-old white primigravid woman was trans- 
~ ferred toa tertiary care perinatal unit at 27 weeks’ 
gestation with premature rupture of the membranes 
and twin gestation. Five days later she developed severe 

epigastric pain, nausea, and vomiting. 
¿Blood pressure was 110/70 mm Hg, reflexes were 
normal, and there was no proteinuria. The platelet 
“count was 103 x 10°/L, serum aspartate aminotrans- 
’ ferase 298 U/L (normal <40), alkaline phosphatase 93 
U/L (normal <80), and total bilirubin 14 pmol/L (nor- 
mal <20). There was no evidence of hemolysis. During 
the subsequent 24 hours, the platelet count fell and the 
serum aspartate aminotransterase level rose (Fig. 1). 
= To distinguish between acute fatty liver of pregnancy, 
atypical preeclampsia, or some other liver disorder, a 
< tYansjugular liver biopsy was performed. Frozen sec- 
tions stained with hematoxylin and eosin and with oil 
red.O showed many small orangeophilic globules con- 
sidered to be fat in hepatocytes, compatible with acute 

fatty liver of pregnancy. 

Light-and electron microscopic examinations re- 
vealed distinctive zone | changes, namely, fibrin 
thrombi filling sinusoids, hepatocytic necrosis, and focal 
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Fig. 1. Changes in serum aspartate aminotransferase (AST) 
level and platelet count during hospital stay. 


hemorrhages around all portal tracts with minimal or 
absent fatty change in any zone. This abnormality is 
characteristic of preeclampsia or eclampsia. 

Laboratory values normalized with expectant man- 
agement (Fig. 1), On day 26 the patient developed 
chorioamnionitis and was delivered by cesarean section 
of two live female infants, weighing: 1605.and 1230 gm. 
The patient and the infants had uneventful postop- 
erative and neonatal courses, respectively, = 





Comment 


The liver abnormalities seen in acute fatty liver of 


pregnancy and in preeclampsia are considered to be 
quite distinct. The most characteristic microscopic fea- 
ture of acute fatty liver of pregnancy is the marked 
deposition of centrilobular microvesicular fat. This is 
detected on fixed sections stained with hematoxylin and 
eosin or on frozen section stained with oil red O, In 
contrast, in preeclampsia-eclampsia, fibrin deposition, 
hemorrhage, and hepatocellular necrosis in periportal 
areas are seen. 

Many authors have diagnosed acute fatty liver of 
pregnancy only on the basis of a frozen section stained 
with oil red O. 

In this case the technique proved to be misleading. 
The histologic features of the liver on the fixed sections 
were compatible with those found in preeclampsia. The 
absence of hypertension, proteinuria, and hemolysis 
and the spontaneous clinical recovery before delivery 
make the case unusual. Similar cases, however, have 
been reported.” ” 
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It is possible that the “preeclamptic” disorder rep- 
resents a pathologic continuum and that there are ab 
ical presentations that are self-limiting. It isalso possible 
that these cases are being diagnosed more frequently 
now by liver biopsy. 

The treatment of choice for severe preeclampsia and 
acute fatty liver of pregnancy remains expeditio a 
livery. However, when the clinical disturbance is atyp- 
ical and the fetus preterm, consideration should be> 
given to an expectant management approach, provided 
that the patient is closely monitored and her condition 
is stable. 
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Continuous tissue pH monitoring in the term fetus 


Mary L. Small, MD, Marie Beall, MD, Lawrence D. Platt, MD, Diane Dirks, RN, and 


Howard Hochberg, MD 
Los Angeles, California 


Since Saling's work in 1961, many investigators have attempted to perfect methods to detect fetal acidosis 
during labor. A system for continuous tissue pH monitoring of the fetus is evaluated in this study of 59 
patients. There was poor correlation of tissue pH values and capillary scalp pH values in 19 cases 

(r = 0.487), and no significant correlation of tissue pH values to the outcome measurements of Apgar 
scores and cord gas levels. The benefits realized were those of monitoring the trend of tissue pH over 
time. We believe that a continuous pH monitoring system offers several advantages over intermittent fetal 
scalp sampling. Further refinement of the technology employed may offer such a system in the future. (Am 


J Osstet GYNecoL 1989;161:323-9.) 


Key words: Tissue pH, fetal scalp pH, fetal monitoring 


The advent of electronic fetal monitoring in the late 
1960s made it possible for obstetricians to evaluate the 
fetus in the intrapartum period. Occasionally the anal- 
ysis of the instantaneous fetal heart rate (FHR) was not 
straightforward. The search for explanations for var- 
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iance between FHR patterns and the fetal condition led 
to development and refinement of methods to detect 
fetal acidosis, first introduced by Saling in 1962.: Ob- 
taining a sample of capillary blood from the presenting 
part by fetal scalp sampling has gained wide but grudg- 
ing acceptance. Reasons for lack of universal use of 
fetal scalp sampling include lack of ongoing experience 
by the attending obstetrician, discomfort to the patient, 
technical difficulty in obtaining the sample, and: nu- 
merous chances for error in performance and mter- 
pretation of the test. The physician is generally reluc- 
tant to repeat this cumbersome procedure; and this 
limits the ability to discover trend in the pH. 


aed 
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Fig. 1. Fetascan 1000 Obstetrical Data System. 


To overcome these difficulties, many investigators 
have attempted to develop a continuous pH system that 
initially would determine fetal pH and ultimately be 
able to measure other respiratory parameters. Objec- 
tion to some pH systems in the past has concentrated 
on the use of glass electrodes because of the potential 
for breakage within the fetal scalp. 


This study was undertaken to investigate the use of 


a new tissue pH (tpH) and fetal monitoring system 
(Fetascan 1000 Obstetrical Data System, Biomedics In- 


ternational, Bothell, Wash.) that utilizes a spiral needle 





electrode, similar to the widely used spiral electrode for 
FHR monitoring. The pH values obtained in our study 
were to be compared with capillary pH values obtained 
by fetal scalp sampling to determine if there is a con- 
sistent relationship between the two systems. Addition- 
ally, the results were to be compared with fetal outcome 
judged by 5-minute Apgar score) and cord blood gas 
levels at delivery. 


Material and methods 

Study patients were selected from those seen in 
the labor and delivery area of Women’s Hospital at 
Los Angeles County/ University of Southern California 
Medical Center. Candidates for the study were those 
patients whose fetuses displayed abnormal or suspi- 
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Table I. Characteristics of 59 patients 
undergoing continuous tissue pH monitoring 











7 
| Minimum | Maximum | Mean 
i 


Maternal age (yr) 17 43 26 

Estimated gestational age 35 46 40.7 
(wk) 

Duration probe attachment 0.25 5.5 55 
(hr) 

Interval between probe re- 0.05 11.5 1.6 


moval and delivery (hr) 





cious intrapartum FHR tracings and thus were candi- 
dates for scalp pH determinations. After the patient 
was identified, informed consent was obtained and the 
patient was prepared for both the traditional fetal scalp 
sampling and the placement of the tissue pH probe- 
electrode for use with the issue pH-FHR monitoring 
system. 

The monitoring system consists of the following: a 
combined FHR and tissue pH monitor and a uterine 
pressure monitor (Fig. 1). The tissue pH is monitored 
by means of a fiberoptic probe connected by a flexible 
cable to the tissue pH machine. At the distal end of the 
probe is a 22-gauge needle formed into a spiral that 
penetrates into the fetal scalp 3.5 to 4.0 mm (Figs. 2 
and 3), just exceeding the usual neonatal scalp thickness 
(excluding subcutaneous tissue) of 3.0 mm.*” Just prox- 
imal to the end of the needle is a window that is covered 
by a semipermeable membrane through which tissue 
fluids can pass. The end of the needle under this win- 
dow is packed with pH-sensitive dye particles of phenol 
red polyacrylamide. 

Changing tissue pH causes a color change in the dye, 
and this color change is interpreted by the fiberoptic 
probe as a change in pH. Red and green light passes 
through the fibers of the cable. Because red light ab- 
sorbance is not affected by pH in this range, red light 
reflectance is used to measure probe integrity, and the 
green light absorbance changes reflect the pH changes. 
The tissue pH machine provides a continuous printout 
representing every-I-minute updated pH measure- 
ments (Fig. 4), In addition to fetal heart rate and uter- 
ine contractions, tissue pH is displayed on an oscillo- 
scope screen. 

The probe was sterilized by immersion in activated 
glutaraldehyde (Omnicide, American Hosp. Corp., 
McGaw Park, HI.) for at least 10 hours before each use. 
To date this equipment has been designed to be reus- 
able with proper cleaning and resterilization between 
cases. Before application, the sterile probe is calibrated 
in pH 7.00 and pH 7.40 buffer solutions kept at 37° C 
in a heating block. This calibration requires approxi- 
mately 30 minutes. 

The spiral probe is applied to the fetal scalp with the 
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ECG and tpH 
Sensitive Probe 


e- subcutaneous 
Tissue 


Fig. 2. Diagram of fiberoptic tissue pH probe in situ. 


aid of a plastic applicator tool similar to the guide tube 


used for ordinary scalp electrodes. The two types of 


electrodes are compared in Fig. 3. On insertion of the 
probe into the fetal scalp, a fetal electrocardiogram is 
obtained and integrated into the electronics of the sys- 
tem that serves as FHR monitor and tissue pH monitor. 
Uterine contractions can be monitored by either an 
external tocodynamometer or an intrauterine pressure 
catheter connected to the tissue pH machine. Probe 
applications were done by three of the authors (M. S., 
M. B., or L. D. P.) on most of the patients, whereas 


fetal scalp sampling was usually done by the house staff 


on duty. The calibration and monitoring were done by 
the research nurse (D. D.) or by one of the other au- 
thors. 

After the system was applied and a stable pH reading 
was attained (approximately 10 minutes), fetal scalp 
sampling was performed. One specimen was tested im- 
mediately for pH on the machine in the labor room 
(Corometrics 220, Corometrics Medical Systems, Inc., 
Wallingford, Conn.). An additional one to three spec- 
imens were sent to the blood gas laboratory for pH, 
Po, Pco,, and bicarbonate determinations, completed 
by the blood gas analyzer method. Acceptable data pairs 
were those in which fetal scalp sampling was done dur- 
ing the tissue pH monitoring period and in which the 
tissue pH values were between 7.09 and 7.44 (the values 
defined as the limits of reliability of the machine). In 
most cases the patients were monitored until they were 
transferred to the delivery room, In the delivery room 
cord samples were obtained immediately after delivery 
for additional blood gas and pH determinations. 

After the probe was removed, a drift check was done 
to compare the prestudy and poststudy response of the 
probe to pH 7.00 and 7.40 buffers. If the drift check 
for probe stability deviated by more than 0.04 pH unit, 
the probe was considered unstable and data collected 
with it were discarded. 


The newborn infants were examined in the nursery 
on the second or third day for signs of scalp infection, 
laceration, or other injury as a result of thé tissue pH 
monitoring. 

In analysis of the data, tissue pH and capillary pH 


values were compared with each other in matched sam: ae 


ples, and tissue pH was compared with several outcome 
measures. Pearson’s correlation coefficient. was calcu- 
lated for each comparison. with an Epistat statistical’ 


package (Gustafson, Round Rock, Tex.); p < 0.05 was 


required for significance. 


Results 


Fifty-nine patients were studied during a 14-month 
period between November 1984 and March 1986. The 
mean patient age was 26 years and the mean gestational 
age was 40.7 weeks (Table I), Doat 

In 39 of the 59 cases, satisfactory simultaneous cap- 
illary pH—tissue pH data points were obtained. The 
other 20 cases were unsuccessful because of technical 
problems discussed below. The scatterplot of these 39 
cases (93 points) is shown in Fig. 5, with r = 0.188. 
Comparison of capillary pH with tissue pH showed an 
algebraic difference ranging from 0.002 to 0.351 
(mean, 0.126); tissue pH was lower in all but five cases. 

Correlations were then made between tissue pH and 
various outcome parameters (Table II) that had valid 
measurements in all 39 cases. However, only one sig- 
nificant correlation was found, between 5-minute Ap- 
gar score and the last tissue pH value when tissue pH 
was obtained within 30 minutes of delivery. Twelve 
newborns had l-minute Apgar scores <7; one of these 
had a 5-minute Apgar score <7. 

Because of the wide range and poor overall corre- 
lation between the simultaneous capillary pH—tissue 
pH data points (Fig. 5), more detailed analysis was done 
of the data to exclude the less reliable measurements. 
Data points were excluded if capillary pH—tissue pH 
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Fig. 3. Comparison of tissue pH fiberoptic probe (D) to elec- 
tronic fetal monitoring scalp electrode (E). (Original magni- 
fication x 9.) 


pairs were not within | minute of each other, if the 
tissue pH reading had not been stable for 2 minutes 
before and 2 minutes after the reading was taken, or 
if capillary pH values were obtained from the labor 
room pH machine. When exclusions were made for 
these additional reasons, only 19 pairs of capillary 
pH-tissue pH data remained that were thought to be 
reliable points for final statistical analysis. In this group 
the correlation of capillary pH~tssue pH was r = 
0.487, p < 0.05 (Fig. 6). By comparison, the capillary 
pH-capillary pH correlation for simultaneous speci- 
mens tested in the blood gas laboratory was r = 0.811, 
p < 9.001 (Fig. 7). 

Follow-up of neonates showed one infant with ery- 
thema of the probe puncture site and two infants with 
scabbing. No neonatal fever or scalp abscesses were 
noted. 


Comment 

Because many obstetricians are reluctant to use fetal 
scalp sampling because of its inconvenience for both 
doctor and patient, the search continues for a means 
of continuous pH monitoring in cases in which FHR 
patterns are suspicious for fetal compromise and the 
fetal acid-base status needs to be assessed. 

From this study it is seen that correlation between 
continuous tissue pH and capillary pH was modest at 
best (r = 0.487), even when the data were refined to 
the optimal data pairs. In searching for an explanation 
of this relatively low correlation, it must be acknowl- 
edged that there is a lag time of approximately 6 to 13 
minutes between a change in capillary blood pH and 
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Table II. Comparison of last tissue pH with 
outcome measures 





n r p 
Last tpH vs. UApH 27 0.3199 0.1038 
Last tpH vs. UVpH 27 0.3463 0.0768 
Last tpH vs. l min Apgar score 27 =~ 0.0847 0.674 
Last tpH vs. 5 min Apgar score 27 — 0.171 0.3935 
Last tpH (30 min) vs. 1 min 16 O.12R8 0.6344 

Apgar score 

Last tpH (30 min) vs. 5 min 16 ~0.5264 0.0362" 


Apgar score 

Last tpH (15 min) vs. | min 7 0,1640 0.7253 
Apgar score 

Last tpH (15 min) vs. 5 min 
Apgar score 


7 —-O04706 0.2865 





tpH, Tissue pH; UApH, umbilical artery pH; UVpH, um- 
bilical vein pH. 
*p < 0.04. 


the corresponding change in tissue pH, although there 
is no delay in recording the new tissue pH. This lag is 
inherent in the design of the machine. Since it is not a 
constant length of time, it is difficult to assign the ap- 
propriate tissue pH for a particular fetal scalp sampling 
specimen. The relationship between FHR patterns and 
tissue pH trends has not yet been studied. 

When the fetal scalp sampling cone was applied to 
the fetal scalp, it was often noted that there was an FHR 
deceleration. It is possible that this FHR change tem- 
porarily affected the capillary pH value, such that cap- 
illary pH—tissue pH correlation would not be a true 
measure of the fetal condition, Additionally, an im- 
mediate drop in tissue pH was sometimes observed, 
thus making simultaneous comparison of capillary pH 
and tissue pH suspect. 

It would be reassuring if the difference between cap- 
illary pH and tissue pH were constant, which would 
allow calculation of capillary pH from tissue pH. How- 
ever, the range of capillary pH—tissue pH difference 
is too wide in this study (0.002 to 0.351) to be reliable. 

Eight probes provided valid data on more than one 
case each, but since the capillary pH—tissue pH differ- 
ence between multiple uses of the same probe is greater 
than the average capillary pH-—tissue pH difference 
(0.126) among cases, this seems to indicate that there 
is no advantage in using a probe more than once. It 
would be functionally easier to use a presterilized dis- 
posable probe. 

Table H shows the lack of correlation between last 
recorded tissue pH and the outcome variables of Apgar 
score, umbilical artery pH, and umbilical vein pH. 
When the cases were limited to thase infants who were 
delivered within $30 minutes or #15 minutes from 
probe removal, all variables except last tissue pH versus 
53-minute Apgar scoré showed the same lack of corre- 
lation. The explanation for this could be that the in- 
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Fig. 4. Portion. of tissue pH monitor strip shows record of (A) FHR, (B) tissue pH, and (C) uterine 
contractions. 


TpH 
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Fig. 5. Scatterplot of 93 simultaneous capillary pH—tissue pH data pairs. 


7.36 
n=19 
r= .487 s 


TpH 





Fig. 6. Seatterplot of 19 simultaneous. capillary pH=tissue pH data pairs considered reliable for 
“statistical analysis. © ie 
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Fig. 7. Scatterplot of 66 simultaneous capillary pH—capillary pH data pairs analyzed in blood gas 


laboratory. 


Table ITI. Usefulness of continuous tissue pH 
menkoring in seven cases 


Benefit 





1. Detected steady downward drift 
- 2. Extra fetal scalp sampling was avoided 
3 Despite normal FHR, tissue pH showed steady 
~ downward trend 





4°". Natiable decelerations; tissue pH trend allowed 
labor to continue 
eo) In presence of tachycardia, tissue pH revealed 


stability of fetus 
6. Tissue pH trend led to repeat fetal scalp sample 
“7 Trend was helpful 





oe ‘terval. from probe removal to the outcome measure- 
ment was long enough that metabolic readjustment had 
already occurred. For this reason a system that allows 
: continuous monitoring until the moment of delivery is 
essential and is currently being developed. However, 
-> with the present state of technology the inconvenience 
of monitoring until delivery (i.e., having to transport 
the apparatus to the delivery room) restricts the inves- 
tigation of correlations to Apgar scores or cord blood 
-gas levels. An alternative is to have labor and delivery 
“in the same room, which is being done in many centers. 
“A further limitation of the system is the necessity to 
reject tissue pH values <7.09. This has been designated 
as the lower limit of reliability of the machine and can 
be a problem if pH values in the fetus.are very. low, 
especially if the. fetus is s acidotic at the time ot ‘Probe 
. application. ; ; 
-> Sixty-two probes w were calibr ated daring. the study 
period. Some of the calibrated probes could. not be used 


Table IV. Technical objections to fetal 
scalp sampling 
amaeana 
1. Requires cervical dilatation of 3-4 cm 
2. Usually done with patient supine, a position not òp- 
timal for uteroplacental perfusion 
3. Uncomfortable for patient and awkward for per- 
sonnel 
4. Time-consuming 
5. Multiple opportunities for error in specimen collec- 
tion and transport; 
Inadequate sample because of poor capillary flow 
or poor technique 
Air bubbles in capillary tube 
Contamination with amniotic fluid 
Inadequate contact of capillary tube with ice in 
transport 
Delay in getting specimen to laboratory, with re- 
sultant temperature change 





because of technical problems, and other probes were 
substituted. User-related problems included a probe 
that became loose or fell off; broken cables, recalibra- 
tion of the machine by mistake, dislodgment of the 
probe by the fetal scalp sampling cone, unplugging of 
the machine (which caused loss of calibration), and dif- 
ficulty in removing the probe from the fetal scalp. 
There were also certain system-related problems that 
included the following: repeated gain sets required 
during a study, leakage of fluid at the Y-joint of the 
cable, migration of the probe application site posteri- 
orly under the edge of the cervix, slow stabilization of 
the probe, bent probe, unstable heat block, necessity to 
recalibrate the probe, and refusal of the machine to 
display fetal electrocardiogram or tissue pH. 

Twenty probes were used in more than one case after 
appropriate. resterilization. In three cases more than . 





Table V. Detection of acidosis 








Capillary pH 


acidotic 


Capillary not 
acidotic 
(>7.20) 





Tissue pH acidotic 100% 22% 
(<7.17) Sensitivity False positive 

Tissue pH not acidotic 0% 78% 
(7.17) False negative — Specificity 








one probe was used because of difficulty in calibration, 
placement, or recording of the tissue pH. Eight probes 
provided valid data on more than one case each. 

The 40 cases excluded from final analysis reflect the 
complexity of this monitoring system, These problems 
are being addressed, and in the future it is anticipated 
that there will be precalibrated, sterile, disposable 
probes that provide automatic drift checks after the 
studies. 

Despite the many difficulties, continuous tissue pH 
monitoring was considered helpful in patient manage- 
ment in seven cases (Table II). Results of tissue pH 
monitoring led to repeat fetal scalp sampling in one 
case, and in four cases a stable tissue pH reassured the 
physicians about the stability of the fetus and thus 
avoided extra fetal scalp sampling or premature or un- 
necessary cesarean section. Each of the fetuses had a 
5-minute Apgar score >6. A system of continuous tis- 
sue pH monitoring can avoid the multiple opportuni- 
ties for error inherent in repeated fetal scalp sampling 
with its isolated data points (Table IV). It also allows 
the laboring patient to remain on her side while pH 
monitoring is being accomplished, a feature not always 
preferred by persons doing fetal scalp sampling with 
the cone but one that is important in optimizing utero- 
placental perfusion." 

After collation of data from several centers involved 
in studying the Fetascan 1000 monitor, one author 
(H. H.) found that tissue pH was consistently 0.03 pH 
unit lower than capillary pH. Because of this offset the 
boundary between acidotic and preacidotic states can 
be shifted downward from 7.20 to 7.17.2 With these 
criteria the Fetascan 1000 model detects acidosis with 
100% sensitivity and 78% specificity (Table V). 

It seems likely that tissue pH monitoring will have 
its own unique value, not necessarily that of fetal scalp 
sampling. We believe there are enough advantages to 
a continuous monitoring system to warrant pursuit of 
the technical improvements necessary to make it rapid 
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Table VI. Comparison of continuous tissue 
pH to intermittent fetal scalp sampling 









Disadvantages of 


Advantages of tissue pH tissue pH 





Fetal head can 
change position 
relative to cervix 
and dislodge tis- 
sue pit probe 

Time lag 6-13. min 
(90% response in 
4 minutes) 

No large data base 

of tissue pH 

measurements oeo 
compared to fetal) 
outcome 


Minute-by-minute update 

Shows trend in tissue pH 

Can afford an early warning of 
problems 

Problems during monitoring will 
be advised on screen 

Can apply probe to patients 
whose cervical dilatation does 
not allow fetal scalp sampling 

Patient can remain in optimum 
position without disturbing 
tissue pH monitoring 

Not affected by presence of am- 
niotic fluid 

















to apply and convenient to use (Table VI). Our. re- 
cent experience with a modified system supports this, 
position. 

This study was part of a multicenter trial of the equip- 
ment described; further reports of the same apparatus 
are anticipated. 

In conclusion, a study of 59 patients who nad con- 
tinuous tissue pH monitoring showed poor correlation 
of capillary pH—tissue pH, no correlation of tissue pHo 
with outcome measures, and absence of significant or- 
bidity for fetus or mother. It was helpful in. pat 
management because it revealed trends in tissue pH. 
With certain technologic improvements it can be a use 
ful tool when it is desirable to know the pH of the fetus. 


We thank Paul Roby, MD, for his help in statistical 
analysis of the data. 
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Noninvasive management of isolated bilateral 


fetal hydrothorax 
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Rotterdam, The Netherlands 


Fetal outcome was studied in eight cases of isolated bilateral fetal hydrothorax. All patients were referred 
because of polyhydramnios. Spontaneous resolution of pleural effusion was observed twice. No 

remarkable change in the degree of hydrothorax was demonstrated in the remaining six cases. All eight 
cases resulted in the birth of a live infant without other abnormalities. Postnatal intubation, which was 
carried out in all six fetuses with hydrothorax, was always followed by spontaneous respiration. 
Subsequent thoracocentesis resulted in the collection of 50 to 500 mi of serous fluid. Sustained intubation 
(7. days) was necessary in only two infants because of developing respiratory distress as a result of 
prematurity or recurrent pleural fluid accumulation. All eight infants were alive and well at the age of 1 
month. Although in the present study noninvasive management of isolated fetal hydrothorax seems to 
have been justified, a larger multicenter study is needed to compare survival with and without 


pleuroamniotic shunting. (Am J OssteT GYNECOL 1989;161:330-2.) 


Key words: Ultrasonography, isolated fetal hydrothorax, polyhydramnios 


Bilateral fetal hydrothorax is a pathologic finding 
that usually occurs as a part of fetal hydrops. Occa- 
sionally, however, it may be observed in an isolated 
form. 

A relationship between pleural effusions and the de- 
_ velopment of lung hypoplasia has been suggested in 
various reports; the principal goal of thoracocentesis 
and pleuroamniotic shunting is normal pulmonary de- 
-i velopment. In the fetal lamb progressive inflation of 

“an intrathoracic balloon from a gestational age of 100 
days resulted in respiratory insufficiency at birth 
caused by pulmonary hypoplasia, whereas prenatal de- 
- compression at day 120 was associated with normal neo- 
natal respiratory function.’ However, variable success 
rates of pleuroamniotic shunting in bilateral hydro- 
thorax in the human fetus have been reported.” Often 
the study described was not limited to isolated pleural 
effusions but also included fetuses with associated hy- 
drops and/or other structural anomalies. Moreover, 
data on the natural history of isolated bilateral fetal 
hydrothorax are lacking. 

We report the outcome of eight such fetuses with 
isolated bilateral pleural effusions in whom a conser- 
vative approach was adopted. 
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Material and methods 


Between August 1986 and August 1988, 1890 preg- 
nant women were referred for a fetal anomaly scan 
because of an abnormal ultrasound finding elsewhere. 
In 278 cases a fetal structural anomaly was diagnosed, 
eight of which were documented as isolated bilateral 
hydrothorax. In all eight cases the reason for referral 
was polyhydramnios. Maternal age ranged between 22 
and 32 years (median, 28 years), maternal parity varied 
between 1 and 4 (median, 2), and gestational age 
ranged between 25 and 39 weeks (median, 33 weeks). 
The ultrasound equipment used was a Diasonics Cardio 
Vue 100 mechanical sector scanner with a 3.5 or 5.0 
MHz transducer. Fluid in the fetal pleural cavity pro- 
duces a sonolucent image with the lateral and inferior 
borders shaped by the thoracic wall and diaphragm. 
The fetal lung appears in the shape of a butterfly wing 
as an echo-dense area.’ A diagnosis of isolated bilateral 
fetal hydrothorax was made if pleural effusions were 
present in the absence of hydropic changes and other 
structural malformations. In this series of cases poly- 
hydramnios was defined as a large fluid pocket of 8 cm 
or more." 

When isolated fetal hydrothorax is present, chylo- 
thorax and intrauterine infections must be considered.” 
After the initial diagnosis, maternal blood samples were 
examined for cytomegalovirus, Toxoplasma gondii, and 
rubella infections. Serial ultrasound scans were per- 
formed at 2-week intervals to. (1) measure the degree 
of pleural effusion and (2) monitor fetal. growth by 
means of measurement of the upper abdominal cir- 
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cumference," and fetal well-being according to the bio- 
physical profile score." 

Data on fetal and neonatal outcome were obtained 
in all eight cases of isolated bilateral fetal hydro- 
thorax. 


Results 


A diagnosis of isolated bilateral fetal hydrothorax 
and polyhydramnios was confirmed in all eight cases. 
Maternal blood samples showed no evidence of recent 
infections. 

Serial ultrasound scans revealed spontaneous reso- 
lution of pleural effusion in two cases (at 33 and 37 
weeks), whereas in the remaining six, no remarkable 
change in the degree of bilateral hydrothorax was ob- 
served. Fetal growth was normal, and the biophysical 
profile demonstrated that except for polyhydramnios, 
there was no sign of fetal compromise. All eight preg- 
nancies resulted in the delivery of a live infant (two 
males and six females). Two infants were delivered at 
33 and 36 weeks, respectively. The remaining six in- 
fants were born between 38 and 41 weeks of gestation, 
four spontaneously and two by cesarean section, be- 
cause of breech presentation or cervical dystocia. Fe- 
tal birth weights were situated between the tenth 
and ninetieth percentiles according to the tables of 
Kloosterman’? and were corrected for maternal parity 
and fetal sex. No congenital anomalies were present. 
Apgar score at five minutes was 8 or more in seven of 
eight cases and six in the remaining case. Neonatal 
development was uneventful in the two infants with 
spontaneous resolution of pleural effusion. All six in- 
fants with isolated bilateral hydrothorax at birth were 
intubated as a preventive measure immediately after 
delivery. This was always followed by spontaneous res- 
piration, reflecting lung expansion. After confirmation 
of isolated bilateral hydrothorax by ultrasonography or 
chest x-ray films, thoracocentesis was performed under 
sedation by means of silicone rubber diversion catheters 
under ultrasonic guidance. The amount of serous fluid 
collected varied between 50 and 500 ml. In four of six 
infants, intubation was only maintained for about 30 
minutes because of normal lung expansion. 

In two infants intubation was sustained for 7 days 
because of signs of developing respiratory distress as a 
result of prematurity in one and recurrent fluid ac- 
cumulation in the pleural cavity necessitating drainage 
over a 5-day period in the other infant. Chylothorax 
was established in two cases (one male and one female), 
including the infant with long-term ventilation support 
and pleural drainage. A diagnosis of chylothorax was 
made in the presence of 20 to 50 leukocytes per high- 
power field, with 90% or more consisting of lympho- 
cytes, and fluid and protein content approaching that 
of plasma." In the remaining four infants, no signs of 
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chylothorax could be documented. All eight infants 
were alive and well at the age of 1 month. 


Comment 

When fluid is found in the fetal chest, a number of 
other fetal problems must be considered. These include 
fetal hydrops, whether caused by erythroblastosis or 


nonimmunologic causes, as well as intrauterine infec- 9. 


tions.” The present study only deals with isolated biz: 


lateral fetal hydrothorax. Chylothorax was presentin =" 
two cases, whereas in the remaining six no cause foro 
pleural effusion could be established. Polyhydramnios 


was documented in all cases. It has been hypothesized « 
that the onset of polyhydramnios may represent de- 
compensation of amniotic fluid homeostasis caused. by 
collapse of the fetal lung.’ This is not supported by our 
observations of normal lung development after birth. 
Another explanation may be interference with normal 
swallowing due to increased intrathoracic pressure.’ Al- 
though a few reports on successful prenatal chest drain- 
age have appeared,* ** it should be realized that there 


is a risk of fetal and maternal harm, such as bleeding ns 


after puncture of fetal or maternal vessels, fetal organ. 
damage, premature rupture of the membranes, and. 
premature labor. Moreover, pleuroamniotic shunting 
may result in technical failure as a result of shunt in- 
stability, with the latter risk greatly reduced during the 
neonatal period. Our conservative approach to isolated | 
bilateral fetal hydrothorax has led to two important 
observations: (1) that isolated bilateral hydrothorax 
may resolve spontaneously during fetal life and (2) that 
fetal outcome may be good without prenatal invasive 
procedures. The essence of a prenatal diagnosis of iso- 
lated bilateral fetal hydrothorax seems to be deter- 
mined more by the possibility of forewarning the neo- 
natologist, thereby allowing effective diagnostic and 
therapeutic measures to be taken as soon as delivery 
has occurred. 

To determine the efficacy of prenatal thoracocentesis 
and pleuroamniotic shunts, several issues must be ad- 
dressed. First, no large study is available on the natural 
history of isolated bilateral fetal hydrothorax, although 
in one report,” the mortality rate of chylothorax has 
been estimated at 5%. Second, better criteria for se- 
lecting the fetus with normal pulmonary development 
should be developed. Third, if an infant survives after 
successful prenatal chest drainage, it does not neces- 
sarily follow that the procedure was beneficial. 

Although we do not suggest that conservative man- 
agement of isolated bilateral fetal hydrothorax will al- 
ways result in a successful fetal outcome, our. results 
seem to justify a larger study on the natural, history of 
this particular disorder. Because of the risks attached 
to any invasive intrauterine procedure, a. prospective 
randomized trial should be carried out to compare sur- 
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vival with and without prenatal shunting in the fetus 
with isolated bilateral fetal hydrothorax. Since the prev- 
alence of this disorder is very low, the answer can only 
be obtained through a multicenter study. 


REFERENCES 


i. Lange IR, Manning FA. Antenatal diagnosis of congenital 
pleural effusion. AM J OBSTET GYNECOL 1981;140:859 

2. Schmidt W, Harms E, Wolf D. Successful prenatal treat- 
ment of non-immune hydrops fetalis due to congenital 
chylothorax. Case report. Br J Obstet Gynaecol 1985; 
92:685; 

3... Benacerraf BR, Frigoletto FD, Wilson M. Successful mid- 
trimester thoracocentesis with analysis of the lymphocyte 
population in the pleural effusion, AM J OBSTET GYNECOL 
1986; 155:398. 

4, Seeds JW, Bowes WA. Results of treatment of severe fetal 
hydrothorax with bilateral pleuroamniotic catheters. Ob- 
stet Gynecol 1986;68:577. 

5. Blott M, Nicolaides KH, Greenough A. Pleuroamniotic 
‘shunting for decompression of fetal pleural effusions. Ob- 

-istet Gynecol 1988;71:798. 

12060: Harrison MR, Bressack MA, Churg AM, et al. Correction 

“of congenital diaphragmatic*hernia’ i mero. Simulated 





Am J Obstet Gynecol 


correction permits fetal lung grow th with survival at birth. 
Surgery 1980;20:260. 

7. Vintzileos AM, Campbell WA, Nochimson DJ, Weinbaum 
PJ. Antenatal evaluation and management of ultrasoni- 
cally detected fetal anomalies. Obstet Gynecol 1987; 
69:640. 

8. Manning FA, Hill HM, Platt LD. Qualitative amniotic fluid 
volume determination by ultrasound: antepartum detec- 
tion of intrauterine growth retardation. AM ] OBSTET GY- 
NECOL 1981;139:254. 

. Petres RE, Redwine FO, Cruikshank DP. Congenital bi- 
lateral chylothorax. Antepartum diagnosis and success- 
ful intrauterine surgical management. JAMA 1982;248: 
1360. 

10. Campbell S, Wilkin D. Ultrasonic measurement of fetal 

abdominal circumference in the estimation of fetal weight. 
Br J Obstet Gynaecol 1975;82:689. 

11. Manning FA, Platt LD, Sipos L. Antepartum fetal evalu- 
ation: development of a fetal biophysical profile. AM J 
OBSTET GYNECOL 1980; 136:787. 

12. Kloosterman G. On intrauterine growth. The significance 
of prenatal care. Int J Gynaecol Obstet 1970;8:895. 

13. Puntis JWL, Roberts KD, Handy D. How should chylo- 
thorax be managed? Arch Dis Child 1987;62:593. 

14. Broadman RF. Congenital chylothorax. NY State J Med 
1975;75:553. 


© 





Relapsing polychondritis in pregnancy: A case report 


and review 


Martin L. Gimovsky, MD, and Mark Nishiyama, MD 
Los Angeles, California 


A case of relapsing polychondritis is reported. This woman was delivered of two normal infants at term. 


(Am J Osstet Gynecol 1989;161:332-4.) 


Key words: Chronic pulmonary disease, pregnancy 


Relapsing polychondritis is an uncommon inflam- 
matory disease, characterized by secondary degenera- 
tive changes in cartilaginous tissue. Symptoms are di- 
verse, and pathologic changes in cartilage may result 
in serious pulmonary and cardiovascular sequelae. In 
1956 a case was reported of an infant born to a woman 
with relapsing polychondritis who manifested symp- 
toms identical to those of the mother, suggesting a hu- 
morally mediated process. A case is presented here in 
which a woman diagnosed as having severe relapsing 
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polychondritis was delivered of two normal term 
infants. 


Case report 

A 26-year-old woman, gravida 2, para 1, was first 
seen by the Obstetrical Service at the White Memorial 
Medical Center at an estimated gestational age of 17 
weeks. Her past medical history was significant for ep- 
isodic shortness of breath with increasing wheezing 
over the past 7 years. She was initially diagnosed as 
“asthmatic” and treated with bronchodilators with litde 
improvement in her symptoms. Two years afterward, 
she underwent a successful term pregnancy with the 
delivery of a normal female infant, 7 pounds 10 ounces, 
with subsequent normal neonatal course. In the 4 years 
that followed, her condition steadily worsened and she 
was first seen at White Memorial Medical Center 2 years 
before her second pregnancy for acute exacerbation of 
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“chronic asthma.” At that time ear and nose abnor- 
malities were noted, including saddle nose deformity 
and auricular chondritis. Consultation with an ear, 
nose, and throat specialist was obtained. Further history 
confirmed a l-year history of pain and swelling in both 
helices. Neurosensory hearing loss was present but min- 
imal. The suspected diagnosis of relapsing polychon- 
dritis was confirmed by biopsy (of auricular cartilage). 
The biopsy specimen contained an infiltrate of lym- 
phocytes and plasma cells at the cartilage—connective 
tissue interface. Chest x-ray film revealed marked ste- 
nosis of the left mainstem bronchus and tracheal nar- 
rowing from the level of T4 to the carina. The pa- 
tient required intubation and high-dose corticosteroids 
through several successive hospitalizations and there- 
after was managed on a regimen of varying doses of 
prednisone and dapsone. 

At the beginning of her second pregnancy physical 
examination revealed a cushingoid white female with 
bilateral auricular chondritis and a saddle nose defor- 
mity. Inspiratory and expiratory wheezes were evident. 
There was no evidence of ocular involvement. A grade 
H/VI systolic ejection murmur was present. Uterine 
size was small for dates and an initial ultrasonography 
was performed. Arterial blood gas measurements while 
she was breathing room air showed a Po, of 77 mm 
Hg, Pco2 of 44 mm Hg, and pH of 732. Medications 
included prednisone USP 5 mg daily, lorazepam 0.5 
mg twice a day, and dapsone USP 50 mg daily. 

Pulmonary function testing revealed a forced expi- 
ratory volume at | second of 1.1 L (43% of pre- 
dicted value). The forced expiratory volume at 1 sec- 
ond/forced vital capacity was 71% of the predicted 
value. Maximum voluntary ventilation was 32 L/min, 
30% of the predicted value. Test results for antinuclear 
antibody and rheumatoid factor were negative, A 24- 
hour total urine collection was within normal limits. An 
echocardiogram was normal. 

Fetal growth was evaluated by serial ultrasonography. 
At 17 weeks the patient complained of increasing short- 
ness of breath with productive cough. History revealed 
the patient had taken herself off prednisone. She was 
restarted on a regimen of prednisone, 5 mg daily, and 
was given a course of ampicillin. At 23 weeks of ges- 
tation, increased wheezing was noted and a blood gas 
analysis while she was breathing room air revealed a 
Po, of 74 mm Hg, Pco, of 26 mm Hg, and pH of 747. 
The patient was treated with an inhalational broncho- 
dilator and was noted to be much improved 3 days later. 
At 26 weeks prednisone was increased to 10 mg daily 
and dapsone was discontinued. A repeat diabetic screen 
was within normal limits. A productive cough recurred 
at 36 weeks and was again treated successfully with 
ampicillin. At 40 weeks’ gestation the patient under- 
went an uneventful labor and spontaneous delivery. 
She was given additional hydrocortisone peripartum 
(100 mg hydrocortisone every 8 hours for three doses). 
She was delivered of a 3189 gm male infant with Apgar 
scores of 7 and 9. 

Evaluation of the infant failed to disclose any ab- 
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Table I. Clinical and histopathologic features 
of relapsing polychondritis' 





Clinical 
l. Recurrent chondritis of the auricles 
2. Inflammation of ocular structures, including con- 
junctivitis, keratitis, scleritis, and/or uveitis 
3. Chondritis of laryngeal and/or tracheal cartilage 
4. Cochlear and/or vestibular damage manifest by 
neurosensory hearing loss, tinnitus, and/or vertigo 
5. Seronegative inflammatory polyarthritis 
Histopathologic 
1. Loss of basophilic staining of cartilage matrix 
2. Perichondral inflammation i 
3. Cartilage destruction and replacement with fibrous 
tissue 
4. Cellular damage to chondrocyte 





normalities. Follow-up of the infant at age 1 and 2 years 
demonstrated a normal course. 


Comment 


Episodic dyspnea coupled with inspiratory and. ex- 
piratory wheezing in a woman of child-bearing age im- 
mediately suggests the diagnosis of reversible broncho- 
constriction (“asthma”). The inability to obtain a satis- 
factory response to bronchodilators suggests other 
forms of obstructive pulmonary disorders seen. in 
the child-bearing years such as cystic fibrosis and a- 
antitrypsin deficiency. Both of these disorders include 
a significant fetal risk in addition to the potential for 
serious maternal sequelae. 

Relapsing polychondritis is a multisystem disorder 
characterized by the potential for destruction. of car- 
tilage with fibrous tissue replacement. The diagnosis is 
based on a combination of clinical criteria with patho- 
logic confirmation (Table 1). These criteria are both 
clinical and histopathologic. When three or more of 
these criteria are met, including biopsy confirmation, 
the diagnosis may be considered “certain.”! 

Involvement of the respiratory tract is reported as 
the cause of most of the deaths in relapsing polychon- 
dritis. The patient manifests dyspnea, wheezing, cough, 
a choking sensation, and tenderness over the thyroid 
cartilage or anterior cervical trachea. Airway obstruc- 
tion and pulmonary infection are common. 

The arthritis of relapsing polychondritis may involve 
large or small joints, Initially the symptoms may be 
migratory and resemble rheumatoid arthritis. 

Cardiovascular manifestations occur in approxi- 
mately 25% of patients with relapsing polychondritis. 
Dilatation of the ascending aorta with destruction of 
the aortic valve cusps may result in aortic regurgitation 
or aortic aneurysm. 

Renal involvement is less common. Biopsy specimens 
show glomerulonephritis with immunoglobulin G, im- 
munoglobulin M, and C 3 deposits consistent with an 
immune complex etiology. 
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Laboratory findings are inconsistent. More than half 
of the patients have anemia resulting from chronic dis- 
ease and an elevated sedimentation rate. A minority 
~ will-have an increase in quantitative immunoglobins, a 

positive ‘rheumatoid factor, and a false-positive sero- 
logic test-result. 
An autoimmune pathogenesis is suggested by the 
presence of circulating antibodies to type H collagen 
in. patients with relapsing polychondritis. These anti- 
bodies appear to correlate with the clinical severity of 
“symptoms, Cellular mediated immunity has been dem- 
onstrated by lymphocyte transformation in response to 
proteoglycans in relapsing polychondritis. In a rodent 
model in which autoimmunity to type H collagen is 
- induced, inflammatory ear lesions and acute arthritis 
have been produced.’ The pathologic changes include 
loss of basophilic staining of cartilage matrix, inflam- 
matory cell infiltration, phagocytosis of chondrocytes, 
and total destruction of cartilage with fibrous replace- 
ment. In the case report’ of an infant born to a woman 
with relapsing polychondritis who manifested symp- 
toms at birth, the infant’s symptoms, which included 
anemia of uncertain cause and transient arthritis, 
cleared in the first year of life, which is consistent with 
a transplacental humorally mediated process. 
Treatment has been primarily symptomatic, with 
both corticosteroids and nonsteroidal antiinflammatory 
drugs used during active episodes. Dapsone has been 
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used extensively. because ‘of its ability to: inhibit lyzo- 
somal enzymes in hypervitaminosis A~induced chon- 
dritis, a condition histologically similar to relapsing 
polychondritis. Because of its folic acid antagonism, in 
addition to the risk of Stevens-Johnson syndrome and 
neutropenia, use of dapsone is a significant risk during 
pregnancy. 

Relapsing polychondritis may be an example of a 
humorally mediated autoimmune disease that may af- 
fect both the fetus and newborn by transplacental an- 
tibody passage. Chronic respiratory insufficiency in a 
gravid woman that is not responsive to standard ther- 
apy should always be further investigated for less likely 
causes, which include systemic disorders such as re- 
lapsing polychondritis. 


We acknowledge the help of Jean Lawler, Craig 
Knecht, and Lawrence Spencer-Smith in the prepara- 
tion of this manuscript. 
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Abscess of allantoic duct remnant 
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A recently submitted placenta was found to be histopathclogically unique. Funicitis was present at the 
early. gestational age of 22 1/7 weeks, and an abscessed allantoic duct remnant was present. The latter 


_ the literature. (Am J OasteT GYNECOL 1989;161:334-6.) 


" finding had not previously been seen at this pathology department, nor could reference to it be found in 


¿Key words: Allantoic duct remnant, funicitis, placenta pathology 


A-17-year-old para 0-0-1-0 woman registered for pre- 
natal care at dates equal to examination at 8 4/7 weeks’ 
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gestation. Her registration cervical culture was positive 
for gonococcus. Subsequent to treatment with oral am- 
picillin 3.5 gm and oral probenecid 1.0 gm, her culture 
was negative. She also was prophylactically. treated for 
Chlamydia with standard doses of erythromycin. Am- 
picillin was prescribed 5 days before her admission, 
secondary to a positive cervical culture for group B 
streptococel. 

The patient was admitted with a-21-hour history of 
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Fig. 1. Abscess of allantoic duct remnant. Typical type of transitional epithelial lining of allantoic 
duct remnant enclosed pool of polymorphonuclear leukocytes. (Hematoxylin and eosin stain; original 


magnification x 400.) 


cramps, lower abdominal pain, and back pain. Her 
initial physical examination revealed the following: 
temperature, 37.7° C; fetal heart rate, 160 to 170 
beats/minute; maternal heart rate, 102 beats/minute; 
respirations, 18; blood pressure, 110/67; fundal height, 
21 to 22 cm; cervix, 3 to 4 cm; 50% effaced; fern neg- 
ative. The best obstetric estimate at admission was 22 
1/7 weeks’ gestation, established by her early exami- 
nation that was consistent with the last menstrual pe- 
riod, and an ultrasonographically derived gestational 
age of 19.9 weeks at dates of 19 weeks. Ritodrine to- 
colysis failed, and 7 hours after her admission the pa- 
tient was delivered of a 540 gm girl with Apgar scores 
of | at 1 minute and l at 5 minutes. 


Findings 
The placenta weighed 210 gm and was grossly nor- 


mal for gestational age. Histopathologic evidence of 


chorioamnionitis and funicitis with allantoic duct ab- 
scess were present. The chorioamnionic membrane 
showed massive infiltration with polymorphonuclear 
leukocytes and gram-negative bacterial overgrowth that 
extended from the decidua into the amnionic mem- 
brane. The amnionic epithelium was intact, but the 
chorionic cells were largely necrotic. 

The umbilical vein showed marked infiltration by 
polymorphonuclear leukocytes that extended beyond 
the muscular wall and into the Wharton’s jelly. The two 
umbilical arteries had leukocytes within, but not be- 
yond, the muscular wall. The allantoic duct remnant 
showed a small abscess that consisted of leukocytes with 


a fragmented transitional lining (Fig. 1). There was 
mild condensation of Wharton’s jelly around the duct 
remnant. 


Comment 


Funicitis in this case presumably resulted from mar- 
gination and subsequent migration of fetal leukocytes 
into the media around the umbilical vessels. The se- 
quence of cord inflammatory lesions tends to be a pro- 
gression from vein involvement, to the arteries, and 
finally to the cord substance.' Allantoic duct remnant 
involvement in this case may have resulted from con- 
tiguous spread. 

Lavery’ states that inflammatory lesions of the cord 
are quite unusual at less than 26 weeks’ gestation, 
and this observation is supported by Chellam and 
Rushton’s’ study of chorioamnionitis and funieitis in 
the placentas of 200 neonates that weighed <2500 gm. 
They found inflammatory lesions present in 48.5% of 
all specimens, but only 9.5% involved the cord. Allan- 
toic duct remnants were not noted to be involved. 

During the third to fifth weeks’ gestation the allantois 
is responsible for fetal blood formation. Its blood ves- 
sels comprise the umbilical vessels of the forming um- 
bilical cord. At 3 to 4 weeks’ gestation, cephalocaudal 
flexion of the embryo leads to fusion of the yolk sac 
projection and its vitelline vessels to the connecting stalk 
that continues the allantois and umbilical vessels, and 
thus forms the cord at 5 to 6 weeks’ gestation.’ 

Sections taken from just beyond the fetal end of the 
cord, but rarely at the maternal end, commonly reveal 
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allantoic duct remnants. The allantoic duct remnant 
is usually situated between the two umbilical arteries 
and. is generally lined by flattened transitional epithe- 
lium: The duct wall may have condensation of Whar- 
ton’s jelly, In contrast, yolk sac (omphalomesenteric 
duct) remnants are situated at the margin of the 
cord, are usually cubical or columnar epithelium, and 
may contain mucus. These rarely differentiate toward 
gastrointestinal-type structures, Cysts, polyps, a duct 
lined by gastric-type mucosa, and nodules that contain 
pancreatic or small bowel tissue have been described. 





. August 198' 
Am J Obstet Gynecol 


In summary, this is a case of an abscess in an allantoic 
duct remnant, secondary to the presence of funicitis in 
a 22 1/7 weeks’ gestation umbilical cord. 


REFERENCES 


1. Lavery JP. Appendages of the placenta. In: Lavery JP, ed. 
The human placenta: clinical perspectives. Baltimore: As- 
pen Publishers, 1987:49-50. 

2. Chellam VG, Rushton DI, Chorioamnionitis and funiculitis 
in the placentas of 200 births weighing less than 2.5 kg. Br 
J Obstet Gynaecol 1985;92:808-14. 





Infection and labor 


IV. Gachectin—tumor necrosis factor in the amniotic fluid of women 
with intraamniotic infection and preterm labor 


Roberto Romero, MD, Kirk R. Manogue, PhD, Murray D. Mitchell, DPhil, 
Ying King Wu, MD, Enrique Oyarzun, MD, John C. Hobbins, MD, and 


Anthony Cerami, PhD 
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A-growing body of evidence supports a causal link between subclinical intrauterine infection and preterm 


~~ labor. The mechanisms responsible for the onset of parturition in this setting have not been elucidated. 


“The conventional view has been that bacterial products increase prostaglandin biosynthesis by intrauterine 

„tissues and this, in turn, leads to the onset of labor. An alternative or complementary mechanism is that 
microbial products activate the host monocyte-macrophage system and that cytokines released during this 
process signal the initiation of parturition by stimulating prostaglandin biosynthesis by intrauterine tissues. 
This study was conducted to determine if cachectin--tumor necrosis factor is present in the amniotic fluid 
of women with intraamniotic infection and whether this cytokine can alter the rate of prostaglandin 
biosynthesis by intrauterine tissues. Amniotic fluid from 54 women was assayed for tumor necrosis factor. 


» Tumor necrosis factor was not detectable in the amniotic fluid of women without intraamniotic infection 


regardless of the presence or absence of term or preterm labor. On the other hand, the amniotic fluid of 
-414-0f 15:women with preterm labor and intraamniotic infection had measurable tumor necrosis factor. This 

-eytokine stimulated prostaglandin E; biosynthesis by amnion cells in monolayer culture in a 

“dose-dependent fashion. These data support the concept that macrophage activation is involved in the 
“onset of human parturition in the setting of infection. We propose that the host (fetus and/or mother) 

~ signals the onset of parturition through the secretion of inflammatory cytokines released in response to 


bacterial invasion. (Am J Osstet Gynecol 1989;161:336-41.) 


Key words: Tumor necrosis factor, intraamniotic infection, labor, parturition, preterm labor, 


prostaglandins, cytokines, interleukin-1, prematurity 
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Prematurity is the leading cause of perinatal mor- 
tality and morbidity worldwide.’ Accumulating evi- 
dence indicates that preterm labor is causally related 
to subclinical intrauterine infection.* Increased biosyn- 
thesis of prostaglandins by intrauterine tissues is widely 
accepted as a key event in the initiation of parturition.’ 
Mechanisms responsible for increased bioavailability of 
prostaglandins in: preterm labor associated with infec- 
tion have not been defined. The conventional view has 
been that bacteria and their products are responsible 
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Fig. 1. Effect of different concentrations of rHuTNF on prostaglandin production by amnion cells 
in primary culture (representative experiment). Mean and SEM are depicted. 


for the increased biosynthesis of prostaglandins that 
results in the onset of labor."> However, in recent years, 
it has been recognized that many of the metabolic de- 
rangements associated with microbial infection are me- 
diated by endogenous factors. Cachectin—tumor ne- 
crosis factor (TNF), a monokine produced in response 
to bacterial lipopolysaccharide, is an inflammatory me- 
diator implicated in the pathogenesis of shock and ca- 
chexia associated with infection,’ TNF stimulates pros- 
taglandin production by several cell types.’ Thus we 
hypothesize that bacterial products stimulate fetal 
and/or maternal cells to produce a network of inter- 
acting cytokines (including interleukin-1 and TNF), 
which in turn increase prostaglandin biosynthesis by 
intrauterine tissues and results in the onset of labor. To 
test this hypothesis, the concentration of TNF was mea- 
sured in amniotic fluid of women in preterm labor, and 
the effect of this monokine on prostaglandin biosyn- 
thesis by human amnion was determined. 


Material and methods 

Study design. Amniotic fluid was collected from 54 
women classified into four groups: group 1, women 
with term pregnancies without labor or infection 
(n = 14); group 2, women with term pregnancies in 
active labor (cervical dilatation >6 cm) but without 
infection (n = 13); group 3, women with preterm 
labor leading to preterm delivery within 24 hours of 
admission but without infection (n = 12); group 4, 
women with preterm labor and intraamniotic infection 
(n = 15), An intraamniotic infection was defined as the 
presence of a positive amniotic fluid culture whether 
or not clinical signs of chorioamnionitis were present. 
Labor was defined as the presence of regular uterine 
contractions that led to cervical dilatation and sponta- 
neous vaginal delivery. Amniotic fluid was obtained by 
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transabdominal amniocentesis from all women except 
for those in group 2. In our institution, amniocentesis 
is performed routinely on all women with preterm la- 
bor and/or premature rupture of membranes to sereen 
for intraamniotic infection. Patients in group 1 had i 
amniocentesis for evaluation of lung maturity before. 
an elective cesarean section. Patients in group 2 had a 
transvaginal amniotomy when they were in active labor 
at >6 cm of dilatation. No serial samples from the same 
patient were included in this study. ; 
Amniotic fluid culture technique. Amniotic fluid was 
transported to the laboratory in a capped plastic syringe 
immediately after amniocentesis. Amniotic fluid was 
plated within 30 minutes of collection in all cases. Cul- 
tures for aerobic and anaerobic bacteria, Mycoplasma 
hominis and Ureaplasma urealyticum were performed. 
Methods of bacterial culture and identification: have 
been described previously in detail.” Mycoplasma species 
were cultured with a commercially available ‘system 
(Mycotrim-GU, Berkeley, Calif.). 
Quantitation of TNF. The cachectin- TNF concen- 
tration in amniotic fluid was measured by modification 
of the standard L-929 cell cytotoxicity assay in the pres- 
ence of actinomycin D.? Aliquots of amniotic fluid were 
thawed and diluted 1: 10 in Dulbecco’s modified Eagle's 
medium supplemented with 10% fetal bovine serum 
and filter sterilized. Aliquots of 50 pl were then.added 
in triplicate to microtiter plate wells already containing 
subconfluent (1 x 10°) L-929 cells under 50 wl fresh 
Dulbecco's modified Eagle’s medium—fetal bovine se- 
rum with actinomycin D (2 pg/ml) and with er-without 
TNF-neutralizing monoclonal antibody (MAb 2-2-3E3, 
a gift from Chiron Corp., Emeryville, Calif.) at a final 
antibody concentration of 10 pg/ml. This concentra- 
tion of ant TNF antibody is sufficient to neutralize 
more than 5 ng of recombinant human cachectin—TNF 
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Fig. 2. Amniotic fluid concentrations of TNF in different study groups. Open circles represent women 
with premature rupture of membranes. Solid circles represent women with preterm labor and intact 





membranes. 


- {@HuTNEF), also donated by Chiron Corp.] per well 
(500 units). A series of triplicate standards was included 
-ön each assay plate. Final concentrations were no TNF; 
-4i-ng rHuTNF/ml; and 4.1 ng/ml to 8 pg/ml ina x2 


dilution series. After an 18-hour incubation at 37° C in 


a humidified 5% carbon dioxide incubator, viable cells 
_ were estimated by their ability to reduce thiazolyl blue 
(MTT; Sigma Chemical Co., St. Louis) to a colored 
| formazan’ "! during an additional 4-hour incubation 
after the addition of 10 pl MTT (5 mg/ml) to each well. 
Wells were then aspirated dry and cells lysed with 
100 yl of 0.04N hydrochloric acid in isopropanol and 


. - metabolized dye further solubilized with 100 pł water. 


‘Optical densities were read in a dual wavelength 96- 


_ . well microtiter plate reader (Bio-Tek Instruments, Bur- 


` ington) at 570 and 690 nm. Mean sample (or standard) 
optical densities were converted to percent cells dead 
‘using the mean optical density of control (no rHuTNF 
added) wells as 0% cells dead and the mean optical 
= density of 41 ng rHuTNF/ml wells as 100% cells dead 
foreach assay plate. Percent cells dead is linearly related 
to the log concentration of rHuTNF with good agree- 


“ment over the range. 10% to 90% cells dead (data not 


shown). For each sample (in both presence and absence 
of a neutralizing antibody), an equivalent concentration 
of rHuTNF was interpolated from the mean rHuT NF 
dilution curve of cytotoxicity. These interpolated values 
were: multiplied by 20 to account for dilution of the 


original samples. The difference (equivalent picograms 
per milliliter without antibody minus equivalent pico- 
grams per milliliter with antibody) was used to repre- 
sent TNF-specific cytotoxicity. In general, 10% cells 
dead corresponds to approximately 10 pg rHuT NF per 
milliliter assay medium. Thus the lower limit of detec- 
tion is approximately 200 equivalent pg rHuTNF per 
milliliter of undiluted amniotic fluid. At 1:20 final di- 
lution, only three of 54 samples had >10% cytotoxicity 
that was not neutralized by the anti-TNF antibody. 
These samples were considered negative for TNF, Cy- 
totoxicity in all other samples was reduced to <10% in 
the presence of the TNF-neutralizing antibody. 
Prostaglandin production by human amnion. Ex- 
periments to evaluate the effect of TNF on prosta- 
glandin biosynthesis by intrauterine tissues were con- 
ducted on human amnion in primary culture. This 
system has been shown to be morphologically, enzy- 
matically, and biochemically similar to fresh amnion." 
Amnion was taken from patients having elective cesar- 
ean section at term, before the onset of labor. Amnion 
cultures were established as previously described.” 
Purified rHuTNF (>98% pure by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis, 1 x 10* 
U/mg, 25 ng of endotoxin per milligram of protein by 
Limulus amebocyte lysate test; Chiron Corp.) was added 
to amnion cells with final concentrations of 0.1, 1, 10, 
and 100 ng/ml in Dulbecco's modified Eagle's medium. 
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Table I. Clinical, microbiologic, and amniotic fluid TNF data in women with preterm labor and 


intraamniotic infection 
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Gestational 
age (wh) 


Patient 


identification no. Organism 





i 34 Haemophilus influenzae 
2 24 Bacteroides nealyticum 
3 25 Streptococcus viridans 
4 31 Gardnerella vaginalis 
5 26 Enterococcus sp. 
6 26 Fusobacterium sp. 
7 29 Streptococcus viridans 
8 30.5 Streptococcus agalactiae 
9 34 Group A streptococci 
10 27 Klebsiella sp. 
Ureaplasma urealyticum 
u 33 Mixed anaerobic 
Proteus vulgaris 
12 29 Streptococcus viridans 
13 22 Bacteroides sp. 
l4 26 Bacteroides fragilis 
15 32 Haemophilus influenzae 










Colony count 
(cfu/ml) 


Amniotic fluid 
TNF (pg/ml) 






Membrane. status 


= ND R 
— 357 I 
> 10° 1798 R 
>10 414 R 
<100 2370 I 
2000 765 i 
10° 4016 I 
+ 1130 R 
2000 ND R 
>10 2110 I 
>10 ND R 
>10 
10° ND 1 
5000 507 I 
>10 1016 I 
>10 414 I 





cfulml, Colony-forming units per milliliter of amniotic fluid; ND, nondetectable; R, premature rupture of membranes; J, intact 


membranes (preterm labor). 


Incubations were conducted for 16 hours at 37° C ina 
humidified incubator. Each condition of testing was re- 
peated in a given primary amnion culture in replicates 
of four. The effect of rHuTNF on amnion production 
of prostaglandin E, (PGE,) was examined in primary 
cultures from five separate patients. PGE, is the main 
product of arachidonic acid metabolism in amnion. 
PGE, was measured by a specific and sensitive radio- 
immunoassay previously described in detail." Protein 
quantification was performed by the method of Lowry 
et al. 

Statistical analysis. The effect of TNF on PGE, bio- 
synthesis by amnion cells was examined by analysis of 
variance with a factorial design. A logarithmic trans- 
formation of PGE, output by amnion cells data was 
performed before analysis. 


Results 


Fig. 1 illustrates a representative experiment of the 
effect of TNF on the production of PGE, by human 
amnion. A concentration-dependent stimulation was 
observed in all of the five amnion cell cultures A sig- 
nificant increase in PGE, biosynthesis occurred at TNF 
final concentrations of 1, 10, and 100 ng/ml (p< 
0.001). A significant variability existed in the basal rate 
and in the maximum rate of PGE, production in re- 
sponse to TNF among different amnion cell cultures 
(p = 0.0001). 

Fig. 2 displays the concentrations of TNF in amniotic 
fluid of women in the four study groups. No detectable 
TNF was found in the amniotic fluid of women at term 
with or without labor (groups and 2). Similarly, TNF 
was not detected in the amniotic fluid of women with 
preterm labor and without intraamniotic infection 


(group 3). Of 15 patients with intraamniotic infection 
and preterm labor, 11 had detectable TNF. Table 1 
displays the microbiologic features and TNF concen- 
trations in each patient with intraamniotic infection 
(group 4). 


Comment 


The mechanisms responsible for the onset of labor 
in patients with intraamniotic infection are poorly un- 
derstood. A role for prostaglandins is suggested by 
their increased concentration in amniotic fluid in 
women with intraamniotic infection." The signals re- 
sponsible for their increased bioavailability in this set- 
ting have not been elucidated. To date, research has 
focused on the role of bacteria on arachidonic. acid 
metabolism by human amnion. Microorganisms indig- 
enous to the genital tract have been shown to have 
phospholipase activity, and microbial products. can 
stimulate the production of prostaglandin E by amnion 
cells in culture.’ 

We have also demonstrated that endotoxin stimulates 
prostaglandin production by intrauterine tissues {ani 
nion and decidua) in a dose-dependent manner.’ How: 
ever, the concentrations of endotoxin required. to elicit 
a significant stimulation in prostaglandin biosynthesis 
in vitro is often higher than that found in patients with 
intraamniotic infection. This suggests that a direct 
endotoxin effect may not be the sole mechanism by 
which microorganisms lead to the onset of human par- 
turition. It is possible that microbial products other 
than endotoxin may play.a role. 

An alternative hypothesis is. that the signals for the 
onset of human parturition are of host origin. Bacterial 
endotoxin can induce TNE production: by a host cell(s) 
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that in turn stimulates prostaglandin production by in- 
trauterine tissues. Our data clearly show that TNF stim- 
ulates PGE, biosynthesis by human amnion over a 
range of TNF concentrations detected in amniotic fluid 
of women with intraamniotic infection and preterm 
labor. These observations are consistent with the effects 
of TNF on arachidonic acid metabolism reported in 
other cell types.’ The stimulatory effect of rHuTNF on 
the biosynthesis of PGE, by amnion cells cannot be at- 
tributed to contamination of the recombinant material 
with endotoxin because nanogram quantities of this 
bacterial product are generally required to stimulate 
PGE, biosynthesis by human amnion." Our data sug- 
gest that amniotic fluid TNF does not play a role in the 
onset of physiologic labor at term or in preterm labor 
not associated with intraamniotic infection because 
TNF could not be detected in amniotic fluid from 
women with these clinical conditions (groups 2 and 3). 
TNF was present in women with intraamniotic infec- 
tions and preterm labor (group 4). This suggests that 
a host-mediated response, evidenced by TNF concen- 
trations, is associated with the onset of parturition in 
this particular subset of patients. 

Although amniotic fluid TNF concentrations have 
been measured as an index of host response to micro- 
bial infection, this is not the only host product capable 
of stimulating prostaglandin biosynthesis by human in- 
trauterine tissues. Interleukin-1'* and platelet activat- 
-ing factor (PAF) have been identified in the amniotic 
fluid of women with intraamniotic infection (Hoffman 
D, Romero R, Johnston J, unpublished observations) 
and can also increase prostaglandin biosynthesis by hu- 
man amnion" and decidua (unpublished observations). 
Thus TNF may be only one of several mediators 
utilized by the host to signal the initiation of labor. 
Interleukin-1 or PAF may be involved synergistically or 
predominantly in the cases of preterm labor with in- 
traamniotic infections in which amniotic TNF either is 
not detectable or is not in the range required for sig- 
nificant. stimulation of prostaglandin production. In- 
deed, synergism between interleukin-1 and TNF in the 
stimulation of prostaglandin production by synovia has 
been demonstrated. TNF produced by human decidua 
may play a role in the initiation of labor in cases of 
extraamniotic infection (deciduitis). Macrophages in 
decidua produce TNF in response to bacterial products 
and this cytokine stimulates prostaglandin production 
by decidual ceils.’ The relative importance of the dif- 
ferent components of the cytokine network in human 
parturition has not been established. We have recently 
determined that interleukin- 1 is more potent than TNF 
and endotoxin in stimulating prostglandin biosynthesis 
by intrauterine.tissues (unpublished observations). Fur- 
thermore, interleukin-]-. is. present more frequently 
than TNF in the amniotic fluid of women with intraam- 
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niotic infection and preterm labor. Therefore it is 
tempting to conclude that interleukin- 1 may participate 
to a greater extent than TNF in this process. 

On the basis of these data, we propose a model in 
which the initiation of human parturition in the pres- 
ence of infection is controlled by the host. Systemic 
maternal infections such as pyelonephritis or localized 
infections such as deciduitis could trigger parturition 
by activating the maternal monocyte-macrophage sys- 
tem. A second host, the fetus, may also signal the onset 
of labor when the infection has extended to the in- 
iraamniotic cavity and activates the fetal immune sys- 
tem. Preterm labor can therefore be viewed as an event 
occurring when the intrauterine or maternal environ- 
ment is hostile and threatens the well-being of the fetus 
and/or mother. 
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Pulsed Doppler flow-velocity waveforms in the prediction of 
fetal hematocrit of the severely isoimmunized pregnancy 


Joshua A. Copel, MD, Peter A. Grannum, MD, Jacqueline J. Green, MS, RDMS, 


Kathy Belanger, PhD, and John C. Hobbins, MD 


New Haven, Connecticut 


We previously reported a significant relationship between the hematocrit levels of anemic fetuses and 
information derived from ultrasonographic and Doppler flow-velocity waveforms. In this study we 
prospectively tested two formulas for the prediction of hematocrit values, by use of gestational age, 
presence or absence of hydrops, and Doppler indices. Although one of the two formulas predicted 


hematocrit values significantly, the only component of the formula that made a significant contribution was 
fetal hydrops. We conclude that currently available fetal Doppler measurements are unable to be applied 
in the prospective prediction of hematocrit values in anemic fetuses of isoimmunized pregnancies. (Am J 
Osstet GYNECOL 1989;161:341-4.) 


Key words: Prenatal diagnosis, ultrasonography, Doppler ultrasonography, fetal treatment, 


erythroblastosis fetalis, isoimmunization 


Management of the severely isoimmunized preg- 
nancy has recently evolved from indirect to direct 
means of fetal evaluation and treatment. Amniotic fluid 
optical density measurements of bilirubin may now be 
supplemented with fetal phlebotomy and direct he- 
matocrit determinations, and intraperitoneal transfu- 
sion is rapidly being replaced by fetal intravascular 
transfusion. 

A continuing question in the management of such 
patients has been the proper place of fetal blood sam- 
pling. Although valuable information may be gained, 
the procedure presently carries a higher inherent risk 
than amniocentesis and can be performed with limited 
frequency. A noninvasive means of determining the 
fetal hematocrit would obviously be preferable in the 
evaluation of patients, before the initiation of a course 
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of transfusions and to determine the optimal timing of 
follow-up transfusions. 

The use of fetal Doppler flow velocity waveforms has 
been proposed as an indirect means of gaining infor- 
mation concerning the fetal hematocrit. Based on the 
reports of other investigators, we previously reported 
that equations could be derived that relate Doppler 
waveforms to fetal hematocrit. We now report a pro- 
spective trial of the ability of Doppler information to 
predict hematocrit. 


Material and methods 

Between August 1, 1987, and March 1, 1988, 13 pa- 
tients were referred to the Yale Perinatal Unit because 
of severe isoimmunization for intravascular transfusion 
therapy. Gestational ages varied from 20 to 32 weeks 
(mean, 27 weeks). All patients had evidence of eryth- 
roblastosis on the basis of indirect Coombs tests and 
either fetal hydrops or amniotic fluid- optical density 
measurement in zone HI or upper zone IT by Liley 
curves. 

Before initial intravascular transfusion in all patients 
had full ultrasonographic evaluation of gestational age 
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Table I. Comparison of actual hematocrit 
value and Doppler predictions 













Actual hematocrit 
value 








Patient no. Formula I | Formula H 


1 17 24 19 
2* 10 13 8 
3 27 25 29 
4 27 28 32 
5 18 22 20 
6 13 24 27 
7* 1] i! 16 
8* 14 15 33 
9 29 24 20 
10* 14 14 23 
11 32 22 19 
12 30 25 22 
13 21 26 27 





*Hydropic fetuses. 


and gross anatomy, including fetal echocardiography. 
Fetal weight was estimated according to Shepard et al.,° 
except in cases of gross fetal hydrops, when a mean 
weight for estimated age was used since abdominal dis- 
tention would invalidate the Shepard formula. Four of 
the fetuses in this report were hydropic at the time of 
study. 

Pulsed. Doppler waveforms were obtained from the 
fetal umbilical artery and descending aorta during pe- 
riods of fetal apnea (General Electric model RT 3600, 

GE, Milwaukee). Three consecutive umbilical wave- 
forms were analyzed by means of the Pourcelot index, 

-systolic/diastolic ratio, and pulsatility index? and the 
mean value was calculated. The fetal descending aortic 
signal was angle corrected at the time it was obtained. 

Both. pulsatility index and peak aortic velocity were 
calculated, with the mean of three values used. 

Fetal transfusions were performed as previously de- 

--scribed.®:? Before blood infusion, sufficient fetal blood 
‘was removed for measurement of hemoglobin and he- 
matocrit values by standard automated technique. Fetal 
origin of the blood was confirmed by Kleihauer-Betke 
staining. 

Doppler results were stored on a spreadsheet in a 
_personal computer and previously reported formulas 
relating Doppler information to fetal hematocrit were 
-calculated.* The two formulas used were: 


Hematocrit = 7.778 — (0.088 x (1) 
peak aortic velocity) +(0.968 x gestational age) ~ 
(10.911 if hydropic) 
= Hematocrit = 45.312 — (56.261 x ai) 
umbilical artery Pourcelot index) ~ (0.128 x 
peak aortic velocity) + (1.042 x gestational age) 


Results 


The predicted hematocrits were compared to the ac- 
tual hematocrits as shown. (Table 1, Fig. 1). Whereas 








formula I continued to be significantly correlated with 
the actual hematocrit value (r = 0.706, < 0.007), Tor- 
mula IT was not (r = 0.286, p < 0.35). Patients 2, 7, 8, 
and 10 were hydropic at the ume of presentation; the 
others were not hydropic. 

Formula I was derived from three factors: the ges- 
tational age, the peak velocity in the descending aorta, 
and a factor for hydrops. Each of these was indepen- 
dently compared to the actual hematocrit level to de- 
termine whether each was significantly related, or 
whether one factor was responsible for the significant 
correlation observed. The only significant correlation 
was between hydrops and hematocrit level (p < 0.007). 
The gestational age and peak aortic velocity were not 
significantly correlated with hematocrit value (p = 
0.51, and p = 0.26, respectively). 


Comment 


The relationship between Doppler flow-velocity 
waveforms and fetal anemia has been the focus of ex- 
amination for several years. Kirkinen et al.’ first re- 
ported a close correlation between umbilical venous 
blood velocities and postpartum hematocrits. Griffin 
et al.” reported a weak relationship (r = 0.5) of uncer- 
tain clinical significance between the time-averaged 
maximal velocity in the descending aorta and the he- 
matocrit. Rightmire et al? similarly found in a retro- 
spective study that a relationship was present bé- 
tween Doppler waveform indices and hematocrit. No 
prospective test of the reported relationships was 
performed. 

An effect of anemia on Doppler waveforms might 
be anticipated from the pregnant ewe model. Tenen- 
baum et alë reported that sudden increases in fetal 
hematocrit resulted in sustained alterations in umbilical 
artery flow. Our previous report failed to show any 
significant changes in Doppler waveforms before and 
after transfusion. In contrast, Fumia et al." reported 
that fetal flow to a variety of organs, including the pla- 
centa, failed to change over a wide range of induced 
hematocrits. Although in cases of severe erythroblas- 
tosis the anemia and hypoproteinemia may result in 
reduced blood viscosity, we have not attempted such 
measurements. The only Doppler consequence of such 
a change may be reduced spectral broadening. Woo 
et al.” reported reduced spectral broadening in anemic 
fetuses with homozygous a-thalassemia, although this 
was based on subjective criteria because no generally 
accepted measurement is available for spectral broad- 
ening and no comparisons to fetal hematocrit were 
presented. 

In our earlier report, we retrospectively examined 
the relationship between selected Doppler indices and 
fetal hematocrit.’ ‘The: regression equations derived 
from patients before initial transfusion were highly sta- 
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Fig. 1. Predicted and actual hematocrits. Horizontal axis shows actual hematocrits and vertical axis 


shows level predicted by two formulas. 


tistically significant. These same equations were unable 
to predict hematocrit level before subsequent trans- 
fusions. Similarly, a new equation derived from the 
second transfusion data was unable to predict the he- 
matocrit at third or later transfusions. This latter equa- 
tion included the uterine artery pulsatility index, a sur- 
prising finding. 

Our current study used the equations derived from 
the “first transfusion” group to examine their ability to 
predict the hematocrit level in a prospective fashion in 
patients about to undergo primary transfusions. Al- 
though the previously reported relationship between 
one of the Doppler-based formulas and fetal hemato- 
crit remained significant, the second formula failed to 
demonstrate any statistical significance. The difference 
‘between statistical significance and clinical usefulness 
must be considered in further detail. 

When the components of the equation were each 
examined for their contribution to the overall predicted 
hematocrit value, only the factor for presence or ab- 
sence of hydrops retained significance. The correlation 
of hydrops and hematocrit was r = 0.7, whereas for 
hematocrit and peak aortic velocity and gestational age, 
poor correlation was observed (r = 0.38, and r = 0.14, 
respectively). A 

-Thus it appears that the presence or absence of hy- 
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drops was the only factor responsible for the significant 
relationship between the formula being tested and the 
true hematocrit. Further confirmation of this conclu- 
sion is provided by the results obtained from the three 
nonhydropic fetuses included in this series whose he- 
matocrits fell below 20% (patients 1, 5, and 6, Table I). 
In none of these fetuses did the predicted hematocrit 
value fall below 20% by formula I. 

We conclude that our previously described formulas. 
that used Doppler flow indices in the severely isoim- 
munized fetuses were unable to assist in the prediction 
of hematocrit. Prospective evaluation of any Doppler 
information must be an integral part of the evaluation 
of this new technique before its acceptance as a stan- 
dard component of obstetric care. At present Doppler 
flow-velocity waveform indices appear to be of limited 
usefulness in the prediction of which isotmmunized 
pregnancies will require fetal transfusion, or in the tim- 
ing of series of transfusions. 
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Concurrence of mouthing movement and rapid eye 
movement/non—rapid eye movement phases 
with advance in gestation of the human fetus 
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-< To evaluate whether mouthing movement in the human fetus is related to advance in gestational age and 

_ “whether such movement is concurrent with rapid eye movement or non—rapid eye movement phases, 26 
“fetuses from 28 to 41 weeks’ gestation were observed for 60 continuous minutes with real-time ultraso- 

nography. It was evident that regular mouthing movementevery 300 to 600 msec concurred with the non~rapid 

eye movement period, from 35 weeks’ gestation to term. Random mouthing movements that occurred at a 

wide range of intervals from 300 msec to approximately 525 seconds were observed predominantly during 


the rapid eye movement period and were unrelated to advance in gestational age. These observations 
were discussed in relation to biologic implications. (AM J OssteT GyNecoL 1989-161 1344-51.) 


Key words: Eye movement, mouthing movement, concurrent development, human fetus, 


real-time ultrasonography 


Behavioral states of human neonates have been clas- 
sified by means of various combinations of biophysical 
parameters, including electroencephalographic find- 
ings, heart rate change, the presence or absence of eye 
movement, regular or irregular respiratory movement, 
and whether the eye is closed or open.'“ 

Regular mouthing movement was reported to oc- 
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cur only during quiet sleep of newborn human. in- 
fants.’ >57 Regular mouthing was evident even in the 
human fetus in utero, as observed with real-time ul- 
trasonography.” However, with respect to developmen- 
tal characteristics the biologic implications remain to be 
elucidated, The objective of this study was to elucidate 
the manifestation and ontogeny of various human 
functions, assessed in relation to correlative develop- 
ment of the central nervous system. 

We studied the human fetus with real-time ultraso- 
nography to determine whether mouthing movement 
is related to advance in gestational age and wheth- 
er mouthing movement is concurrent with rapid eye 
movement and non—rapid eye movement phases. 


Material and methods 
Fetal population. This study was conducted on 26 
fetuses from.28 to 41 weeks of gestation without mal- 
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Fig. 1. Real-time ultrasonographic image and illustration used for simultancous evaluation of eye 
and mouthing movements obtained from fetus at 35 weeks’ gestation. 


formation or intrauterine growth retardation. Each fe- 
tus was examined only once (Table I). 

All mothers were cared for in the Maternity Care 
Unit of Kyushu University Hospital and gave informed 
consent to participate in this study. The period of ges- 
tation was calculated from the date of the last menstrual 
period and was confirmed with serial ultrasonographic 
measurements of crown-rump length before 11 weeks 
of gestation and by biparietal diameter at 212 weeks’ 
gestation. 

Data acquisition and processing. The ultrasono- 
graphic equipment used was an ALOKA SSD-280 
model with a linear array transducer of 3.5 MHz. With 
the mother placed in the semi-Fowler position, the 
transducer was moved to obtain a simultaneous obser- 
vation of the fetal eye, mouth, and jaw in one image 
(Fig. 1). The ultrasonographic image was continuously 
taken for approximately 60 minutes and simultane- 
ously recorded on videotape with a Hitachi VT-Z70 
videotape recorder in real-time fashion. When the 
videotape was replayed all instances of both eye and 
mouthing movements were marked by means of two 
specially devised switches that were operated indepen- 
dently by two different examiners. These switches 
were linked to a microcomputer system (NEC:PC- 
9801VM2). The two types of original data thus ob- 
tained were stored simultaneously on a floppy disk in 
an actual time sequence from the start of the recording 
(Fig. 2). 

The eye movement from one position to another of 
the pair of dotted echoes, originating from both: near 
and far margins of the lens, was defined as one unit of 

“ynovement. The frequency of eye movement was cal- 
culated for every given one-minute epoch during the 
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Table I. Population studied 








Gestational age (wh) 





No. of fetuses 





28 j 
29 2 
30 i 
31 l 
32 3 
33 3 
34 4 
35 2 
36 l 
37 2 
38 2 
39 2 
40) 0 
4l 2 
TOTAL 26 





observation period. Rapid eye movement and. non- 
rapid eye movement periods were regarded as those 
sustaining the presence and absence of movement, re- 
spectively.” 

We defined one unit of mouthing movement as that 
action in which the mouth opened and returned to a 
closed position. The interval between two consecutive 
occurrences of mouthing movement was used as a pa- 
rameter for subsequent analysis. 

The x? test was applied for analysis of fetuses divided 
into two groups: the gestational age group and the fetal 
state group. After examination of the data, age-related 
changes in mouthing movements of all the fetuses were 
retrospectively arranged into three age-groups: 5 fe- 
tuses from 28 to 31 weeks’ gestation, 10 from 32 to 34 
weeks’ gestation, and 1] from 35 to 41 weeks’ gestation. 
In the last group the fetal states were stratified into two 
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Fig. 2. Original data for all incidences of eye (upper) and mouthing (lower) movements recorded 
according to elapsed time (0 to 3600 seconds). Vertical lines indicate one unit of movement. 


Table II. Analysis of variance obtained from data measured on 200 regular pulse signals of 500 and 


1000 msec 








500 msec 





1000 msec 











Examiners Mean value 





Sum. of squares 











Mean value Sum of squares 








A 503 217,800 1,007 336,200 
B 502 304,200 1,006 273,800 
C 498 168,200 1,001 288,800 
D 505 273,800 996 352,800 
E 496 245,000 997 320,000 
F value 2.26 2.00 
F test (p < 0.05) NS NS 





A, B, C, D, E, represent findings obtained by five different medical examiners. 


subgroups according to rapid eye movement and non— 
rapid eye movement periods.’ 

Accuracy of measurements in experimental system. 
The overall accuracy of measurements between two 
consecutive occurrences in a simulation experiment, 
from pushing the recording switch, through the ana- 
log/digital converter (MF-7016, Toitu, Ltd.) and onto 
storing of the information on floppy disk was evaluated 
with regular pulse signals created by an electric gen- 
erator (FG-121B, NF Corp.). Using 200 sequential 
events corresponding to pulse signals at fixed rates of 
500 and 1000 msec, five different examiners measured 
the time interval between two successive events. There 
were no significant interexaminer differences as deter- 
mined by analysis of variance (Table II). 


Results 
Changes in fetal mouthing movement in relation to 
advance in gestational age. Fig. 3 shows chronologic 
changes in incidences, by percent, of the interval be- 
tween two consecutive mouthing movements. The pat- 
tern of distribution was fairly uniform in all five fetuses 
from 28 to 31 weeks of gestation. Seven of the 10 fetus- 
es between 32 and 34 weeks’ gestation demonstrated a 
high percentage of incidences when the interval be- 
tween mouthing movements was concentrated at a 
range between approximately 300 and 600 msec. The 
remaining three fetuses still showed a pattern of dis- 
tribution similar to that found between 28 and 31 
weeks’ gestation (uniform). From 35 weeks of gestation 
to term, all 11 fetuses showed a pattern of distribution 
witha mound-shaped high percentage of incidence and 
low incidence at the interval range of <600 msec and 


>600 msec, respectively. Considering these chronologic 
changes in distribution of mouthing movement pattern, 
an intergroup comparison was restricted to two groups, 
from 28 to 31 weeks and from 35 to 41 weeks of ges- 
tation. 

Fig. 4 shows the cumulative incidences of mouthing 
movement interval corresponding to each fetus (i.e., 5 
at 28 to 31 and 11 at 35 to 41 weeks’ gestation). In all 
fetuses before 32 weeks’ gestation, the cumulative in- 
cidences rose in a slow, almost linear fashion (termed 
pattern I); these incidences started with intervals of 300 
to 400 msec and reached a saturation point of 100% at 
intervals of 165 to 390 seconds. In 8 of 11 fetuses at 
235 weeks of gestation, there was a rapid rise in cu- 
mulative incidences when the interval between mouth- 
ing movements ranged from approximately 300 te 600 
msec. At the movement interval of 600 msec, the per- 
centage of cumulative incidence ranged from 49% to 
80% in these eight fetuses. This rapid rise was followed 
by a nearly linear slow rise as the length of the interval 
increased (termed pattern II), The remaining three 
fetuses showed pattern I activity, with cumulative in- 
cidences rising in a slow, almost linear fashion. The 
cumulative incidences reached 100% between about 
170 and 760 seconds in fetuses at 235 weeks of ges- 
tation. 

There was a statistical difference (p < 0.05) between 
gestational ages of 28 to 31 weeks/pattern I (5/5, 100%) 
and gestational ages of 35 to 41 weeks/pattern I 
(3/11, 27%), using the x” test (Table IID. 

Changes in fetal mouthing movement in relation to 
the rapid eye movement and non—rapid eye move- 
ment periods. In 11 fetuses at =35 weeks’ gestation, all 
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Fig. 3. Chronologic changes in interval between two consecutive mouthing movements in 26 fetuses 
from 28 weeks 5 days to 41 weeks 5 days of gestation. Vertical axis shows percentage of incidence 
at given movement interval. Horizontal axis indicates interval in seconds between two consecutive 


mouthing movements. 


mouthing movements recorded over the entire obser- 
vation period were divided into two groups according 
to the rapid eye movement and non—rapid eye move- 
ment periods (Fig. 5). Movements during the rapid eye 
movement period showed only a uniform distribution. 
The pattern of distribution during the non—rapid eye 
movement period is characterized by a mound shape, 
created by a high percentage of incidences at short 
intervals followed by low incidence with longer interval 
ranges. 

Fig. 6 shows the cumulative incidence of the mouth- 
ing movement interval, by percent, for each case ob- 


tained and taken from the data shown in Fig. 5. During 
the non—rapid eye movement period, the cumulative 
incidence in all fetuses showed a rapid rise, ranging 
from an interval of approximately 300 to 600 msec 
followed by a nearly linear slow rise with an increase 
in the movement interval (pattern IT). At an interval of 
600 msec, the range of cumulative incidence was within 
53% and 85%. During the rapid eye movement period, 
the cumulative incidence in all cases showed an almost 
linear slow rise (pattern 1). 

A statistical significance (p < 0.005) was found be- 
tween rapid eye movement/pattern I (11/11, 100%) 
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Fig. 4. Comparison of cumulative incidences of mouthing movement interval between two age 
groups: five fetuses at 28 to 3] weeks (encircled by dotted line) and 11 at 35 to 41 weeks of gestation 
(encircled by solid line), Vertical axis indicates cumulative incidence by percent. Horizontal axis shows 
interval in seconds between two consecutive mouthing movements. 


Table HI. Contingency table with respect to 
patterns of cumulative incidences of mouthing 
movement against gestational age groups 





Gestational Pattern I Pattern II 

age groups (No. of fetuses) | (No. of fetuses) | Total 
28 to 31 wk 5 0 5 
35 to 41 wk 3 8 ll 
TOTAL 8 8 16 


Pattern I, Cumulative incidences rising in a slow, almost 
linear fashion. Pattern I, Rapid rise in cumulative incidences 
followed by a nearly linear slow rise. 


and non—rapid eye movement/pattern I (0/11, 0%), 
with the y* test (Table IV). 


Comment 


The history of studies of fetal behavioral develop- 
ment can be divided into two subgroups one the result 
of animal experiments'’® © and the other represent- 
ing the observations of human neonates.’ * *7 Both 
types of studies were extrapolated for interpretation of 
events occurring in the human fetus.* '* We used a 
different approach and focused directly on the human 
fetus in utero.* * Our objective was to evaluate the on- 


Table IV. Contingency table with respect to 
patterns of cumulative incidences of mouthing 
movement against rapid eye movement and 
non—rapid eye movement periods 


Pattern I Pattern IT 
(No. of fetuses) | (No. of fetuses) | Total 


Rapid eye 1] 0 l1 
movement 

Non-rapid eye 0 1] 11 
movement 

TOTAL 11 11 22 





Data reflect incidences of 11 fetuses at =35 weeks’ gestation. 


Pattern I, Cumulative incidences rising in a slow, almost 
linear fashion. Pattern II, Rapid rise in cumulative incidences 
followed by a nearly linear slow rise. 


togeny of behavior in terms of how various fetal func- 
tions organize to become correlated and/or concur- 
rent. We studied the concurrent development between 
mouthing movement and rapid eye movement/non— 
rapid eye movement periods with the advance in ges- 
tational age. 

In all fetuses from 28 to 31 weeks of gestation, the 
pattern of percent-incidences of the interval between 
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Fig. 5. Patterns of incidences of intervals of mouthing movement of fetuses from =35 weeks of 
gestation, divided into rapid eye movement and non—rapid eye movement periods (left and right 
columns, respectively), Data are arranged in same manner as in Fig. 3. 


two consecutive mouthing movements showed a uni- 
form distribution within the 60-minute observation pe- 
riod. This implies that mouthing movement occurs in 
a random manner during this stage of gestation. At 
235 weeks’ gestation during the rapid eye movement 
period, the incidence of mouthing movement was uni- 
formly distributed and random occurrence of mouth- 
ing movement ensued. Conversely, during the non— 
rapid eye movement period a high incidence was noted 
at short intervals between movements, in which the 
mouthing movement was seen to repeat as a short-term, 
regular occurrence. 

This regular mouthing concurred closely with the 
non—rapid eye movement period from 35 weeks of 


gestation to term, whereas the random mouthing move- 
ment was observed predominantly during the rapid eye 
movement period and was unrelated to the advance in 
gestational age. From 32 to 34 weeks of gestation, the 
patterns of the incidences of the mouthing movement 
intervals showed a transitional stage between 28 and 
31 weeks and between 35 and 41 weeks of gestation. 
This corresponds to findings regarding age-related 
changes in the eye movement phase when rapid eye 
movement starts to consolidate at about 28 weeks and 
becomes fully manifest at 33 weeks’ gestation. In ad- 
dition, from 35 to 36 weeks of gestation to term, rapid 
eye movement and non—rapid eye movement periods 
occurred alternately with intervals of about 30 to 40 
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Fig. 6. Gomparison of cumulative incidence of mouthing movement intervals between rapid eye 
movement (encircled by dotted line) and non—-rapid eye movement (encircled by solid line) periods in 
11 fetuses at 35 weeks of gestation to term. Data are displayed in fashion similar to that in Fig. 4. 


and 20 to 30 minutes, respectively, both in the neo- 
nate* ê and in the fetus.” ® 131 

Regular mouthing movement was observed only dur- 
ing non~rapid eye movement sleep in infants.'**? In 
the infant delivered at or after 35 to 36 weeks of ges- 
tation, the non—rapid eye movement sleep may be an 
indication of functions of the thalamocortical path- 
way. Thus the concurrence of regular mouthing with 
the non—rapid eye movement period suggests that the 
brain of a 35 to 36-week gestation fetus is functioning 
to the extent seen in the newborn. 

In relation to behavioral states according to Prechtl’s 
“state 1” in the neonate’ and “state 1F” of Nijhuis et al. 
in the fetus, these results should prove useful for eval- 
uating brain stem function in the developing fetus. 


We thank Dr. M. Inoue for data collection, M. Ohara 
for critical comments, L. Saza for helpful advice on the 
manuscript, M. Kurata for assistance with the computer 
analysis, and K. Akazawa for statistical analysis. 
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Fetal heart rate patterns in red blood cell 


isoimmunized pregnancies 


K. H. Nicolaides, BSc, MD, G. Sadovsky, MD, and E. Cetin, MD 


London, England 


Fetal heart rate was monitored in 33 red blood cell isoimmunized patients at 32 to 36 weeks’ gestation 
immediately before cordocentesis. The fetal heart rate patterns were analyzed according to 25 different 
classifications, and the values were related to the fetal hemoglobin concentration, oxygen tension, and 
oxygen content. Nonreactive, suboptimal, or pathologic fetal heart rate patterns were encountered more 
commonly in fetuses that were hypoxemic and anemic than in those that were normoxemic and 
nonanemic. However, the positive predictive value of these abnormal fetal heart rate patterns with respect 
to fetal anemia was 50% to 100%; the negative predictive value was 18% to 40%, (Am J OBSTET GYNECOL 


1989;161:351-6,) 


Key words: Fetal heart rate monitoring, cordocentesis, fetal hypoxemia, fetal anemia, red 


blood cell isoimmunization 


In red blood cell isoimmunized pregnancies, abnor- 
mal fetal heart rate (FHR) patterns have been associ- 
ated with poor perinatal outcome and with low he- 
moglobin concentration in samples obtained from the 
umbilical cord at birth.’ * However, the validity of this 
association is questionable because of the temporal dis- 
sociation between measurement of these parameters. 

This study describes the relationship between FHR 
patterns and hemoglobin concentration, oxygen ten- 
sion, and oxygen content in blood samples obtained by 
cordocentesis from red blood cell isoimmunized preg- 
nancies immediately after FHR monitoring at 32 to 36 
weeks’ gestation. 


Patients and methods 


FHR monitoring was performed immediately before 
cordocentesis in 33 red blood cell isommunized pa- 
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tients. The blood samples were analyzed for fetal he- 
moglobin concentration and blood gases. FHR moni- 
toring was undertaken with patients in a semirecum- 
bent position. Recordings were made at a paper speed 
of 1 cm/min (model 8041A, Hewlett Packard, Boblin- 
gen, West Germany). In all cases gestational age was 
determined by Naegele’s rule and confirmed by ultra- 
sonographic measurement of the fetal biparietal di- 
ameter at 16 to 20 weeks’ gestation. None of the fetuses 
were hydropic at the time of cordocentesis. 
Cordocentesis was performed as an outpatient pro- 
cedure without maternal fasting or sedation. The um- 
bilical cord vessel was identified as artery or vein by the 
intravascular injection of 200 to 400 wl of normal saline 
solution.’ Fetal blood (200 pl) was collected into hep- 
arinized syringes and blood gas analysis was performed 
with a Radiometer ABL 30 blood gas analyzer (Copen- 
hagen). For hemoglobin analysis, fetal blood samples 
(180 pl) were collected into 20 pl of isotonic edetic acid 
solution (0.5 mmol/L in 0.15 mmol/L sodium chlo- 
ride); the hemoglobin concentation (grams per decili- 
ter) was determined with a Coulter S Plus counter 
(Coulter Electronics Ltd, Luton, England). The fetal 
origin of blood was confirmed subsequently by Betke- 
Kleihauer testing. Oxygen content was calculated from 
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Table I. Classification of patterns 
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Reactive or nonreactive 























Accelerations 
Extension. 
pS Amplitude Duration Observation time 
Authors (beats! min) (sec) time (min) (min) 








(a) Rayburn et al. (1978) 


l a 
(b) Amankwah et al. (1980) 1 10 
(c) Mendenhall et al. (1980) l 10 
(d) Lee and Drukker (1979) >2 10 
(e) Platt et al. (1983) 2 15 
(£) Schifrin (1977) 2 15 
(g) Goldkrand and Benjamin (1984) 2 15 
(h) Manning et al. (1979) 2 15 
(i) Pratt et al. (1979) 2 15 
(j) Koller and Curet (1978) 3 10 
(k) Devoe (1980) 3 15 
(1) Lauersen et al. (1983) 3 15 
(m) O'Leary et al. (1980) 4 15 
(n) Phelan and Lewis (1981) 4 15 
(o) Brown and Patrick (1971) 5 15 
(p) Evertson et al. (1979) 5 15 
(q) Ingardia et al. (1980) 5 15 














= 20 0 
10 60 0 
> 30 0 
=s 20 20 
15 20 20 
15 10 30 
15 20 0 
30 20 20 
30 30 0 
= 15 0 
15 30 0 
15 20 0 
15 20 0 
15 20 20 
15 20 100 
15 20 20 
15 20 0 





Scoring systems 
Rochard et al.! Reactive, nonreactive, sinusoidal : 
Visser and Huisjes? Normal, suboptimal, decelerative, terminal 
Kubli and Ruttgers® Normal, suspicious, pathologic 
Score 0 1-2 » . 
Hammacher et al.” Normal, suspicious, prepathologic, pathologic 
Score 3-4 8-18 
Meyer-Menk et al.” Normal, prepathologic, pathologic 
Score 8-10 5-7 
Fisher et al.? Normal, suspicious, pathologic 
Score ' . 8-10 5-7 0-4 
Krebs and Petres!* Normal, abnormal 
Score 9-12 0-8 
Lyons et al." Normal, prepathologic, pathologic 
Score 8-10 -7 0-4 


the Po, hemoglobin concentration, and pH using the 
equations of Bohr et alt and Hill. 

In normal fetuses the hemoglobin concentration in- 
creases and the oxygen tension decreases with gesta- 
tion.*” Furthermore, the oxygen content for umbilical 
venous blood (mean + SD, 6.6 + 0.6 mmol/ L) is 
higher than that in the umbilical artery (mean + SD, 
5.8 + 1.1 mmol/L).’ Therefore, in each red blood cell 
isoimmunized pregnancy, the fetal hemoglobin con- 
centration was subtracted from the normal mean for 
gestation to calculate the degree of anemia. The oxygen 
tension and oxygen content were expressed as the num- 
ber of standard deviations by which the observed values 
differed from the corresponding normal means for 
gestation for the appropriate vessel sampled: 

FHR analysis. The FHR traces were examined by 
two observers who were unaware of the indications for 
fetal blood sampling or of the blood gas and hemoglo- 
bin results. The traces were divided into recordings of 
l-minute intervals; each interval was examined for 
FHR baseline, oscillation amplitude, and oscillation fre- 
quency. The amplitude and duration of each increase 


(acceleration) and decrease (deceleration) from the 
baseline were also recorded. FHR tracings were clas- 
sified as reactive or nonreactive, on the basis of the pres- 
ence or absence of FHR accelerations according to 17 
different definitions. Thus a reactive trace was one in 
which there were | to 5 accelerations of 10 to 15 
beats/min, lasting for 15 to 30 seconds during a period 
of 10 to 60 minutes (Table I). Tracings also were clas- 
sified as normal, suboptimal, or pathologic on the basis of 
baseline, baseline variability (oscillation amplitude and 
oscillation frequency) and the presence or absence of 
accelerations or decelerations, according to eight quan- 
titative or descriptive scoring systems.” ®*™" Each system 
has different criteria of normality and abnormality. For 
example, Fischer et al.” define a normal baseline vari- 
ability by the presence of an oscillation frequency of at 
least 6 cycles/min (cpm), whereas Hammacher et al.'° 
accept 2 cpm as normal. Similarly, Lyons et al." con- 
sider the absence of at least four accelerations of at least 
15 beats/min during a 20-minute period of recording 
to be a pathologic feature; Kubli and Rutgers’ ignore 
accelerations in their scoring system. In the statistical 
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Fig. 1. Sensitivity and false-positive rates of 25 classifications of FHR patterns in predicting fetal 
oxygen content deficit in rhesus-isoimmunized pregnancies. 


analysis of the data from the scoring systems, suspi- 
cious, suboptimal, prepathologic, and pathologic clas- 
sifications were grouped together as abnormal, 


Results 


In the 33 red blood cell isoimmunized pregnancies, 
the ranges in fetal hemoglobin concentration, oxygen 
tension, and oxygen content were +1.7 to —10.1 
gm/dl (+0.8 to —2.9 and + 1.0 to.~7.0 SD) from the 
respective normal means for gestation (Table I). The 
classification of the FHR pattern in each case as reactive 
or nonreactive and normal, suboptimal, or panies 
is shown in Table II. 

Nonreactive traces were more commonly encoun- 
tered in severely anemic and hypoxemic fetuses. How- 
ever, there were large variations in the sensitivity and 
specificity of FHR patterns in the prediction of fetal 
oxygenation or hemoglobin concentration (Table II). 
Thus, when the criteria for reactivity are lenient (one 
acceleration of 10.beats/min, lasting for 10 seconds 
during 60 minutes of recording), only two extremely 
anemic (hemoglobin deficit, 10.1 gm/dl) fetuses had 
nonreactive FHR patterns (sensitivity, 10%; specificity, 
100%). With use of more stringent criteria (a minimum 
of five accelerations during 20 minutes of recording), 
the FHR patterns were nonreactive in 24 of the 33 
(73%) fetuses, and the sensitivity and specificity of pre- 


dicting anemia were 68% and 18%, respectively. The 


sensitivity and specificity of most classifications im- 
proved when the predicted parameter was fetal Po, or 


oxygen content rather than hemoglobin concentration 
(Table III). A receiver-operating characteristic plot is 
shown in Fig. 1. 

Pathologic FHR patterns were observed in 10 of the 
11 fetuses with an oxygen content at least 4 SD below 
the normal mean. In two of these fetuses the hemo- 
globin was normal but the Po, was below the 2.5th 
percentile of the normal range. 

Sinusoidal FHR pattern (frequency 3 cpm, amplitude 
6 beats/min, duration, 100 of 120 minutes of record- 
ing) was observed in only one severely anemic fetus 
(case 1, Table ID. Lz 


Comment 


This study examines the relationship between fetal 
blood hemoglobin concentration, oxygen tension, or 
oxygen content and FHR patterns in the undisturbed 
fetus from red blood cell isoimmunized pregnancies. 
The minimum gestational age of 32 weeks was selected 
because both normal and pathologic FHR patterns ex- 
hibit a gestation-related “maturation. ™* © The majority 
of published classifications of normality or abnormality 
are based on data derived from pregnancies of at least 
32 weeks’ gestation. 

Previous reports of FHR patterns in red blood cell 
isoimmunized pregnancies have focused on the asso- 
ciation between fetal compromise and sinusoidal FHR 
patterns. Thus Rochard et al.' evaluated antenatal FHR 
in 50 red blood cell isoimmunized pregnancies and re- 
ported the presence of sinusoidal FHR patterns in 20 
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Table II. FHR. patterns in 33 read blood cell isoimmunized pregnancies according to 25 classifications 













Oxygen Reference letter* 




















Case | Gestation Hemoglobin content 
(gin/dl) d g j 
l 33 -10.1 -1.7 -4 A A A A A A A A A A 
2 36 — 10.1 ~0.1 -7 A A A A A A A A A A 
3 34 —7.7 —0.2 —6 N N N A A A A A A A 
4 33 -7.5 +0.5 -5 N N N N N N N N N N 
5 33 —7.1 +0.2 —5 N N N N N N N N A N 
6 32 -7.0 +0.1 -5 N N N A A A A A A A 
7 34 —6.4 +0.2 -4 N N N N N N N N N N 
8 33 -6.2 —0.3 —6 N N N N N N N N N N 
9 34 -4.9 ~0.4 -3 N N N N N N N N N N 
10 34 -4.6 +0.5 -3 N N N A A A A A N N 
ll 33 -4.3 -1.0 -4 N N N N N N N N A A 
12 33 — 3.6 ~ 0.4 -3 N N N N N N N N N N 
13 35 -3.2 +0.1 -2 N N N N N N N N N N 
14 36 —3.1 +0.1 -1 N N N N N N N N N N 
15 35 -3.0 + 0.2 =2 N N N N N N N N N N 
16 35 =2.9 +0.6 -1 N N N N N N A A A N 
17 35 =2.9 -1.0 -4 N N N A A A A A A A 
18 35 —2.9 ~ 0.6 -3 N N N A A A A A A A 
19 32 —2.6 +0.6 -1 N N N N N N N N N N 
20 32 -2.6 +0.2 -2 N N N N N N N N N N 
21 34 —2.5 +0,6 -1 N N N N N N N N N A 
22 32 —2.3 +0.8 -1 N N N N N N N N N N 
23 33 -19 +0,4 -1 N N N N A A A A A A 
24 33 -1.7 =Z az N N N N N N N N N N 
25 37 -11 -2.3 -4 N N N N A A A A A A 
26 34 —0.9 0 0 N N N N N N N N N A 
27 33 —0.8 ~ 2,9 -4 N N N A A A A A A A 
28 33 —0.7 -0.2 0 N N N N N N N N N A 
29 35 ~-0.1 +01 +1 N N N N N N N N N N 
30 33 +0.7 -0.5 0 N N N N N N N N N N 
31 36 +1.4 +0.6 =2 N N N N N N N N N A 
32 32 +1.5 ~0.9 0 N N N N N N A A A A 
33 35 +17 ~2.1 =2 N N N N N N A N A A 


A, Abnormal/pathologic,; N, normal/reactive. For references 9 through 14, the numbers adjacent to A or N are the actual values 
according to the scoring systems. 
*See Table [. 


Table III. Efficacy of FHR patterns in predicting an zcbnormal (>2 SD below normal mean) fetal nome eee 
oxygen tension, or oxygen content 








FHR 
classification 
by letter* or 

reference 
number 





Hemoglobin 












a 10 100 100 35 93 0 90 9 100 100 36 
b 10 100 100 35 0 93 0 90 9 100 100 36 
c 10 100 100 35 0 93 0 90 9 100 100 36 
d 32 91 88 40 33 77 13 92 36 100 100 44 
e 32 72 70 35 67 73 20 96 41 91 90 44 
f 32 72 70 35 67 73 20 96 41 91 90 44 
g 36 55 62 33 100 67 23 100 46 73 77 40 
h 36 64 67 33 67 67 17 95 41 73 75 38 
i 41 55 64 32 100 63 21 100 50 73 79 42 
j 36 27 50 18 100 57 19 100 46 46 63 29 
k 36 64 75 33 67 67 17 95 4l 64 69 35 
l 36 . 36 67 35 100 53 . 18 100 55 55 71 38 





Sens., Sensitivity, Spec., specificity, PPV, Positive predictive value; NPV, negative predictive value. 


Volume 161 FHR patterns 355 
Number 2 








Reference letter* or number 





A A A A A A A A A A3 A5 A3 A5 A6 A3 
A A A A A A A A A A3 A3 AT AG AT A7 
A À N A A A A N N A3 N1 AT AT N9 A7 
N N N N — — A N A A3 A3 N9 N8 N10 AT 
N N A N — A A A A A3 N1 N9 N8 N9 N8 
A A A A A — A A N A3 AG A5 A5 N6 A5 
N N N N N: N N A A A3 A5 A6 A6 N9 A6 
N N N N N N N N N NO N1 N9 N8 N10 N9 
N N N N A A A N A A3 A3 A7 N8 A6 A7 
N A N A N N A N N NO NO N10 N9 Nil N9 
A A A A A A A A À A2 A3 AT A7 A7 AT 
N N N N N N N N N NO NO N10 N10 N12 N10 
N N N A N N A N N Al A3 N9 N8 N10 N9 
N N N N N N A N N NO NO N10 N10 N12 N10 
N N N N N N N N N NO NO NIO N10 N12 N10 
A A N A N A A N N Al NO N9 N8 N10 N8 
A A A A A A A N A A2 NI N9 N8 N10 N8 
A A A A — A A N A A3 N6 A5 N5 A6 A5 
N N N N N N N N A N2 N4 N6 N7 N9 A7 
N N A A N N A N N NI NO N10 N10 N12 N9 
N N N N N N N N N NO NO N10 N10 N11 N9 
N N N N N N N N N NO NO N9 N9 N11 N9 
A A A A A — A N N A2 NI A7 N8 N10 AT 
N N N N N N N N N NO NO N10 N10 N12 N10 
A A A A A A A A A A5 , A5 A4 A5 A6 A4 
N A N A N N A N A A3 A4 A6 * A6 A8 A6 
A A A A A A A A A Al Nl N6 N6 A8 N6 
A A A A A A A N A A3 A4 A7 A7 A8 A7 
N N N N N N A N N A2 NO N9 N8 N9 N9 
N N N N N N N N N NO NO N10 N9 N11 N10 
N N N A A A A N N Al N1 N8 N8 N10 N8 
N A A A N N A N N NO NO N10 N9 N11 N8 
N A N A N N A N N NO NI N9 N9 Nil N8 














FHR 
classification 
by letter” or 

reference 
number 









Hemoglobin Oxygen tension Oxygen content 








NPV 


m 36 55 62 30 67 60 14 95 50 73 79 33 
n 50 27 58 21 100 50 17 100 56 46 67 33 
o 37 55 58 33 67 63 17 94 47 73 75 44 
p 45 60 69 35 67 57 14 94 50 64 71 41 
q 68 18 6] 29 100 33 13 100 73 37 70 40 
1 27 82 75 36 67 80 25 9 36 100 100 44 
8 46 64 71 25 67 60 l4 95 50 73 79 42 
9 59 36 65 31 67 40 il 92 64 46 70 39 
10 36 73 73 36 37 67 9 91 4] 82 82 4] 
ll 37 64 73 33 33 63 8 91 41 73 75 38 
12 27 73 67 33 33 73 I1 92 32 82 78 38 
13 27 55 55 27 67 70 18 95 36 73 73 36 


14 45 64 71 37 33 57 7 90 46 64 71 37 
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cases; 18 of the fetuses were hydropic and 10 died in 
utero or during the neonatal period.’ Similarly, in a 
review of 42 cases of red blood cell isoimmunized preg- 
nancies at 33 to 38 weeks’ gestation, sinusoidal and/or 
decelerative FHR patterns were observed within 5 days 
of delivery in 12 cases; the umbilical cord hemoglobin 
concentration at birth was 3 to 12.3 gm/dl. In contrast, 
the FHR patterns were normal in 30 cases with cord 
hemoglobin concentrations of 9.6 to 20.9 gm/dl. It was 
concluded that FHR monitoring is an excellent tool for 
detecting fetal anemia. 

Our study suggests that a sinusoidal FHR is observed 
only in association with extreme fetal compromise, 
since it was present in one of the two most anemic and 
hypoxemic fetus (hemoglobin concentration deficit, 
10.1 gm/dl; oxygen content, 5 SD below the normal 
mean). Lesser degrees of anemia were associated with 
decreased FHR reactivity and baseline variability as well 
as the development of decelerations. Thus nonreactive, 
suboptimal, or pathologic FHR patterns were more 
commonly observed in the anemic (hemoglobin deficit 
>2 gm/dl) than nonanemic fetuses (Table II). How- 
ever, there is a large overlap in values. Therefore in 
the clinical management of red blood cell isoimmunized 
pregnancies examination of FHR patterns cannot pre- 
dict accurately the degree of fetal anemia. As expected, 
there was a trend of increased sensitivity with reduced 
specificity as the criteria for normality of FHR became 
more stringent (Table III, Fig. 1). 

The observation that pathologic FHR patterns were 
more closely related to fetal oxygenation than to he- 
moglobin concentration (Table III) is consistent with 
the physiology of the fetal cardiovascular system. The 
medulla oblongata, which controls cardiac activity 
through the autonomic nervous system, is influenced 
by afferents from peripheral chemoreceptors and by 
the direct action of carbon dioxide and hydrogen ions. 
The association between pathologic FHR patterns and 
low fetal blood oxygen content is presumably the result 
of tissue |hypoxia in the medulla oblongata, whereas 
that between pathologic FHR patterns and low Po, is 
the result of stimulation of peripheral chemoreceptors. 

This study establishes that in the management of red 
blood cell isoimmunized pregnancies, the present cri- 
teria of normality or abnormality of FHR patterns do 
not allow for an accurate prediction of the degree of 
fetal anemia. However, fetal anemia is associated with 
pathologic FHR patterns. The association is more likely 
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to be mediated by the accompanying disturbance in 
fetal oxygenation than by the hemoglobin deficit. 
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Plasma atrial natriuretic peptide in human fetus: Response to 


intravascular blood transfusion 


Marios Z. Panos, MD, Kypros H. Nicolaides, MD, John V. Anderson, MD, 
Demetrios L. Economides, MD, Lesley Rees, MD, and Roger Williams, MD 


London, England 


To investigate whether atrial natriuretic peptide is present in the human fetal circulation and changes in 
response to fetal blcod volume expansion, the concentration of plasma atrial natriuretic peptide was 
measured by radioimmunoassay in samples obtained by cordocentesis. Twenty-four patients referred for 
intravascular blood transfusion because of red cell isoimmunization at 21 to 35 weeks’ gesiation were 
studied. Plasma atrial natriuretic peptide concentrations in fetal blood (median, 8.0 pmol/L; range, 1 to 
27.3) were significantly higher than those of 25 young 18- to 32-year-old adult control subjects (median, 
4.5 pmol/L; range, 1 to 11.3, p < 0.002 but similar to those found in the umbilical cord blood of 10 normal 
neonates immediately after delivery (median, 7.35 pmol/L; range, 2.7 to 15.5). In seven patients in whom 
fetal and maternal plasma atrial natriuretic peptide was measured simultaneously, all fetal concentrations 
were higher (p < 0.01). The concentration of fetal atrial natriuretic peptide before and immediately after 
blood transfusion (n = 12) rose significantly (p < 0.05), and the rise correlated positively with the 
transfusion rate (p < 0.05). We conclude that atrial natriuretic peptide is present in plasma of the human 
fetus as early as 21 weeks’ gestation and that its concentration increases promptly in response to vascular 
volume expansion. These findings suggest that atrial natriuretic peptide may play a role in fetal volume 


homeostasis. (AM J OssreT GYNECOL 1989;161:357-61.) 


Key words: Atrial natriuretic peptide, fetal blood, volume expansion, cordocentesis 


Atrial natriuretic peptide is a natriuretic and diuretic 
substance that suppresses the activity of the renin- 
aldosterone system and has a vasodilator action.’ It is 
secreted by the cardiac atria in response to rises in atrial 
pressure through atrial wall stretch and thus appears 
to have a role in blood volume regulation.' In adults, 
plasma concentration of atrial natriuretic peptide has 
been shown to rise in response to central volume ex- 
pansion as induced by intravenous infusion of saline 
sodium, postural change, and headout water immer- 
sion."*? Whether physiologic levels of atrial natriuretic 
peptide affect volume homeostasis has been debated, 
although recent data suggest that atrial natriuretic pep- 
tide affects short-term regulation of sodium excretion.’ 
It is not known whether atrial natriuretic peptide is 
involved in blood volume homeostasis in intrauterine 
life. The aim of the present study was to examine 
whether atrial natriuretic peptide is present in the cir- 
culation of the human fetus, and if so, whether its cir- 
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culating levels change in response to fetal blood volume 
expansion. 


Patients and methods 


Twenty-four normotensive pregnant women (21 to 
35 weeks’ gestation), ages 18 to 39 years, referred for 
intravascular blood transfusion because of severe red 
cell isoimmunization, were studied. None of the fetuses 
was hydropic, as judged by ultrasound examination. 
Cordocentesis was performed as an outpatient proce- 
dure without maternal fasting, sedation, or fetal pa- 
ralysis.* Pure fetal blood (3 ml) was aspirated from the 
umbilical vein into heparinized syringes for fetal he- 
moglobin, blood gases, and atrial natriuretic peptide 
measurement just before intravascular blood transfu- 
sion. Packed blood compatible with that of the mother 
(taken from the donor 24 to 36 hours earlier) was in- 
fused into the fetal circulation.’ At the end of the trans- 
fusion, the needle was flushed with 1 ml of normal 
saline solution, and after 1 minute to allow for equili- 
bration, an additional 1 ml sample was aspirated and 
discarded, and 0.2 ml was obtained for hemoglobin 
measurement. In 12 patients an additional 2.2 ml of 
fetal blood was aspirated for atrial natriuretic peptide 
assay. The fetal heart rate was monitored throughout 
the transfusion, and none of the procedures was com- 
plicated by fetal bradycardia. Transfusions were timed. 
In seven patients maternal blood was taken from an 


357 


358 Panos et al. 


— 


ANP (pmol/1}) 


FETAL 


P 


CORD 


August 1989 
Am J Obstet Gynecol 


<0.002 





MAT ADULT 


Fig. 1. Plasma atrial natriuretic peptide (ANP) concentration in fetal umbilical vein at 21 to 35 weeks’ 
gestation (FETAL), umbilical cord vein at full-term delivery of normal neonates (CORD), maternal 
plasma (MAT), and normal 18- to 32-year-old adults (ADULT). 


antecubital vein before and after fetal blood trans- 
fusion. 

For comparison, blood was taken for atrial natriuretic 
peptide assay from the umbilical cord vein at birth of 
10 neonates of normal full-term pregnancies within 5 
minutes of delivery of the placenta. Plasma atrial na- 
triuretic peptide concentration was also measured in 
25 nonpregnant adult volunteers, ages 18 to 32 years. 
Venous blood samples were taken from an antecubital 
vein at 9:00 am, while sitting (30 minutes) after an 
overnight fast. Plasma from donor blood was separated 
just before transfusion and assayed for atrial natriuretic 
peptide. 

All samples were collected into chilled heparinized 
tubes and centrifuged at 4° C for 10 minutes within 10 
minutes of collection. Plasma was stored at — 20° C until 
assayed. Fetal hemoglobin was measured on a Coulter 
Counter S-Plus system (Coulter Electronics Ltd., Luton, 
United Kingdom) and blood oxygen tension (Pos) 
on Radiometer ABL 30 (Radiometer, Copenhagen, 
Denmark). 

Atrial natriuretic peptide immunoreactivity in 
plasma was measured after plasma extraction by means 
of a modification of a previously described radioim- 
munoassay procedure.® A new rabbit atrial natriuretic 
peptide antiserum was used (YB8) that increased the 
assay sensitivity to 0.3 fmol/tube, which allowed smaller 
samples to be processed. This modified assay procedure 
detects amounts of atrial natriuretic peptide immu- 
noreactivity in plasma extracts not significantly differ- 
ent from values measured with an older, less-sensitive 


antiserum (Y2) in identical samples. Antiserum YB8 
was used at a titer of 1 in 6400, at which 50% binding 
occurred. Otherwise the assay conditions were identical 
to those described earlier for antiserum Y2° except that 
a 10-point standard curve of 0.25 to 25 fmol of synthetic 
human a atrial natriuretic peptide was used. Human 
plasma extracts caused displacement of binding in the 
YB8 assay in parallel with that caused by pure synthetic 
a human atrial natriuretic peptide. Fragment testing 
revealed antiserum YB8 to bind to the central part of 
the atrial natriuretic peptide molecule with negligible 
binding to carboxy- and aminoterminal atrial natri- 
uretic peptide fragments, For adult samples, 3 ml of 
plasma was extracted on Sep-Pak C-18 cartridges (Mil- 
lipore, Bedford, Mass.). The retained peptides were 
eluted with 2 ml of 60% acetonitrile containing 0.1% 
trifluoracetic acid, lyophilized in 1.2 ml of radioim- 
munoassay buffer. Aliquots (200 wl) were assayed in 
duplicate. One milliliter fetal plasma samples were 
treated similarly but reconstituted in 900 yl of buffer. 
Three hundred microliter aliquots were assayed in du- 
plicate and 100 wl aliquots in singlet. Assay sensitivity 
was equivalent to 0.3 pmol/L in adult plasma and 
1 pmol/L in smaller-volume fetal samples. Intra-assay 
variation was 9% and interassay variation was 11%. 
Mean + SEM recovery of atrial natriuretic peptide im- 
munoreactivity from the Sep-Pak extraction step was 
79% + 2% for the adult plasma samples and 74% + 
4% for the smaller fetal samples. Results are presented 
as measured without correction for extraction recovery. 

The volume of blood neccesary for transfusion was 
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calculated from the expected fetoplacental blood vol- 
ume (adjusted for gestation) and the pretransfusion 
and donor hemoglobin concentrations.’ The fetopla- 
cental blood volume after each transfusion was calcu- 
lated from the change in fetal hemoglobin concentra- 
tion and the volume and hemoglobin concentration of 
the transfused blood.’ Rate of transfusion was calcu- 
lated from the duration and volume of blood trans- 
fused. Since fetal hemoglobin and umbilical venous Po, 
change with gestation, these were expressed as a dif- 
ference from the normal means for gestation, è he- 
moglobin gm/dl and 8 Po, mm Hg, respectively.” ° 

Statistical analysis was by the Wilcoxon two-sample 
rank sum test and the Wilcoxon signed rank test for 
paired values as appropriate. Tests of correlation were 
by the Spearman rank test. The level of statistical sig- 
nificance was taken as p < 0.05. The study was per- 
formed with approval from the King’s College Hospital 
Ethical Committee. 


Results 


Intravascular blood transfusion was completed in all 
cases, and there were no complications. Basal atrial na- 
triuretic peptide concentration was significantly higher 
in the fetus (median, 8.0 pmol/L; range, 1 to 27.3) than 
in 18- to 32-year-old nonpregnant adults (median, 4.5 
pmol/L; range, 1 to 11.3, p < 0.002) and not signifi- 
cantly different from umbilical cord blood values after 
delivery (median, 7.35 pmol/L; range, 2.7 to 15.5) (Fig. 
1). There was no correlation between length of gesta- 
tion and basal fetal concentration of atrial natriuretic 
peptide. In the seven patients in whom paired fetal and 
maternal blood samples were taken, fetal plasma atrial 
natriuretic peptide concentrations (median, 16.5; range 
5.8 to 27.3) were higher than the corresponding ma- 
ternal atrial natriuretic peptide concentrations in all 
cases (median, 1.5 pmol/L; range, 1 to 3.3, p < 0.01). 
There was no correlation between basal 8 Po, or 8 he- 
moglobin (median, 2.4 mm Hg; range, — 24.4 to 11.37 
and median ~3.2 gm/dl; range, — 7.88 to 0.8 gm/dl, 
respectively), and basal atrial natriuretic peptide con- 
centration, which suggests that oxygen tension or the 
degree of anemia did not influence basal fetal atrial 
natriuretic peptide levels. 

Atrial natriuretic peptide was not detectable in donor 
blood. Fetal transfusions lasted between 3 and 16 min- 
utes (median, 7.45), and the rate of transfusion was 
between 4.26 and 18.57 ml/min (median, 11.65). Vol- 
ume of blood transfused expressed as a ratio of the 
estimated fetoplacental volume was 0.29 to 1.37 (me- 
dian, 0.76). There was a significant increase in fetal 
atrial natriuretic peptide concentrations after transfu- 
sion (p < 0.05) (Fig. 2.), with a positive correlation be- 
tween the rate of transfusion and change in atrial na- 
triuretic peptide concentration (p < 0.05). There was 
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Fig. 2. Plasma atrial natriuretic peptide (ANP) concentrations 
before and immediately after intravascular blood transfusion 
in 12 fetuses with red cell isoimmunization. 


no correlation either between the volume of blood 
transfused or the rate of expansion of the estimated 
fetoplacental blood volume and the change in fetal 
atrial natriuretic peptide concentration. There was no 
significant difference in the plasma atrial natriuretic 
peptide concentration of the paired maternal samples 
taken before and after intravascular blood transfusion 
(n = 7). 


Comment 


A previous study” reported that atrial natriuretic 
peptide was detectable in human umbilical cord blood. 
Our study concurs with this report and goes further to 
show that atrial natriuretic peptide is present in fetal 
plasma in considerable concentrations as early as 21 
weeks’ gestation. The demonstration of an increase in 
fetal atrial natriuretic peptide concentration after fetal 
blood volume expansion suggests that the mechanisms 
governing its release in the fetus are similar to those 
operating in adults.’ Whether the observed rise in atrial 
natriuretic peptide after intravascular blood transfu- 
sion was enough to cause a natriuresis or an increase 
in venous capacitance in the fetus is not shown by the 
present study and will require further investigation. 
However, in the ovine fetus intravascular infusion of 
saline solution increases glomerular filtration rate and 
decreases fractional sodium reabsorption, findings con- 
sistent with previous reports of renal actions of atrial 
natriuretic peptide in adults." > ? Studies of fetal 
volume homeostasis in animals have demonstrated 
that changes in maternal hydration cause short-term 
changes in fetal blood volume through transplacental 
water exchange, with corresponding changes in fe- 
tal arginine-vasopressin and urine and lung fluid 
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flows.’* * Collectively, these findings allow us to pos- 
tulate that fetal atrial natriuretic peptide may act in a 
manner complementary to that of fuid-conserving hor- 
mones to protect the fetal blood volume from over- 
expansion. 

Concentrations of atrial natriuretic peptide in tke 
fetus were higher than in maternal plasma and adult 
control subjects, ages 18 to 32 years, but similar to those 
found in the umbilical cord blood of normal babies 
immediately after delivery. It is possible that the simi- 
larity between fetal umbilical: vein concentrations of 
atrial natriuretic peptide and full-term umbilical vein 
concentrations after delivery may be fortuitous because 
of the longer gestation: in the latter. Even though no 
hydrops was noted on ultrasound examination, it is 
possible that some fetuses may have been on the verge 
of “high output” heart failure, and this might account 
for the relatively high plasma concentrations of atrial 
natriuretic peptide in fetuses. The present results ar2 
consistent with the recent finding of a greater than 
twofold concentration of atrial natriuretic peptide in 
the plasma of healthy ovine fetuses compared with that 
of maternal plasma." Messenger ribonucleic acid cod- 
ing for the atrial natriuretic peptide prohormone is now 
known to be present in increased concentration in fetal 
cardiac ventricles compared with ventricles of normal 
adults," and it is possible that release of atrial natri- 
uretic peptide from the fetal ventricle contributes to 
the higher plasma concentrations of atrial natriuretic 
peptide found in the fetus. 

The higher circulating levels of atrial natriuretic pep- 
tide in the fetus could be attributed either to an increase 
in secretion or reduced breakdown. The latter seems 
unlikely, since the ovine fetus has been shown to have 
a rapid clearance rate of plasma atrial natriuretic pep- 
tide.'? On the other hand, hemodynamic and endocrine 
conditions in the fetus favor increased secretion of 
atrial natriuretic peptide: fetal cardiac output is pro- 
portionately increased compared with that of adults,"* 
and increased plasma concentrations of glucocorti- 
coids, progesterone, and aldosterone are known to be 
present in the fetal circulation. All these factors are 
known to potentiate atrial natriuretic peptide se- 
cretion.' 

The significant rise in fetal plasma atrial natriuretic 
peptide concentration after transfusion did not cor- 
relate with volume of blood transfused or estimated 
fetoplacental volume expansion. This finding contrasts 
with animal data from a study of healthy ovine fetuses. 
Ross'et al." showed a positive correlation between vol- 
ume of saline solution infused into the ovine fetal cir- 
culation and increase in atrial natriuretic peptide. Cir- 
culating atrial natriuretic peptide began to rise 10 to 
20 minutes after the start of the infusion and reached 
a maximum at 40 minutes, a delay similar to that ob- 
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served in human adults.” It is possible that the discrep- 
ancy between our findings in the human fetus and those 
in the ovine fetus'' is the result of the timing of fetal 
blood samples after transfusion, which, for ethical rea- 
sons, were taken immediately after completion of trans- 
fusion when maximal levels of atrial natriuretic pep- 
tide may not have been reached. The positive corre- 
lation between the rate of infusion and rise in atrial 
natriuretic peptide is in agreement with findings of 
previous studies on the effects of saline solution infu- 
sion given at varying rates in young adults.” The in- 
crease in fetal atrial natriuretic peptide concentration 
after transfusion despite high basal levels demonstrates 
that the fetus retains significant atrial natriuretic pep- 
tide reserves. 

In conclusion, atrial natriuretic peptide is present in 
the human fetal circulation as early as 21 weeks’ ges- 
tation, and its concentration rises in response to blood 
volume expansion. These findings support the hypoth- 
esis that plasma release of atrial natriuretic peptide in 
the fetus may play a role in fetal blood volume ho- 
meostasis. 
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Fetal cardiac output in the isoimmunized pregnancy: A pulsed 
Doppler-echocardiographic study of patients undergoing 


intravascular intrauterine transfusion 
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The mechanism of development of hydrops fetalis in severe isoimmunization has been subject to 
speculation. We performed pulsed Doppler assessment of cardiac output in 13 severely isoimmunized 
fetuses before and after intravascular transfusion and compared the results with 37 control fetuses 
between 20 and 34 weeks’ gestation. The cardiac index of the anemic fetuses was significantly greater 
than that of the control group. A significant (right ventricle, p < 0.01; left ventricle, p < 0.02) increase in 
indexed output was noted from both ventricles and in the combined ventricular output (mean + SEM 
644 + 35.3 ml/kg/min in control fetuses versus 879 + 86.0 ml/kg/min in anemic fetuses, p < 0.006). An 
increase in cardiac output was also noted when anemic fetuses were compared with gestational age— 
specific norms. We conclude that severely anemic fetuses of isoimmunized pregnancies tend to have 
significantly higher cardiac output than do unaffected fetuses and that this high output state may play a 
part in the development of hydrops fetalis. (AM J OBSTET GYNECOL 1989;161:361-5.) 


Key words: Prenatal diagnosis, fetal therapy, isoimmunization, Doppler ultrasound, cardiac 


output, intrauterine transfusion 


The mechanism for the development of hydrops fe- 
talis in the anemic, isoimmunized fetus remains the 
subject of speculation. Among the mechanisms pro- 
posed are anemia with secondary cardiac pump fail- 
ure and increased venous pressures, hypoproteinemia 
with low colloid osmotic pressure, portal hypertension 
caused by extramedullary hematopoiesis, and high out- 
put cardiac failure. 
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Although the studies of Phibbs et al.’ suggest that 
the blood volume of erythroblastotic infants at birth is 
not generally elevated, careful study of the cardiac out- 
put of severely anemic fetuses has not been carried out. 
We have performed a series of intravascular fetal trans- 
fusions on severely isoimmunized fetuses.” * On the ba- 
sis of previous observations that support the concept 
that nonimmune hydrops represents congestive heart 
failure in the fetus and that cardiac Doppler waveform 
changes could be observed in fetuses with hydrops 
caused by tachyarrhythmias,*° we have pursued fur- 
ther investigation of the mechanism of hydrops fetalis 
using pulsed Doppler flow analysis. The present study 
examines the cardiac output, as measured by pulsed 
Doppler ultrasound studies, of fetuses with severe ane- 
mia caused by isoimmunization. ` 


Material and methods 


Thirty-five nonanemic fetal patients underwent a sin- 
gle examination at the time of fetal echocardiography 
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Table I. Clinical comparison of control and 


isoimmunized groups 
Control | Isoimmunized 
(N = 37)| | (N= 11) p 


Gestational age (wk) NS* 
20-23.9 2 
24-27.9 13 5 
28-31.9 13 4 
32-35.9 6 
36 and above 3 

Estimated fetal weight NS* 
(gm) 
below 500 
500-999 
1000-1499 
1500-1999 
2000-2499 
2500 and above 


= m 


NA O m A 
Se nA 


2 


for routine indications between 19 and 34 weeks’ ges- 
tation (mean, 28.2 weeks; SD, 5.0). These fetuses made 
up the control group. All had normal anatomic studies 
and uncomplicated pregnancies. The control and 
isoimmunized groups were similar in relevant demo- 
graphic characteristics (Table J). For both control and. 
isoimmunized groups, all studies were carried out by 
one of the authors (J. A. C.) after informed consent 
was obtained for participation in this study, which was 
performed in accordance with a protocol approved by 
the institutional Human Investigation Committee. 

The anemic study group was drawn from 37 patients 
with isoimmunization caused by rhesus or other anti- 
bodies who were referred to the Yale Perinatal Unit for 
intrauterine Intravascular transfusion. Thirteen fetuses 
were examined before any intrauterine treatment. The 
transfusion procedures and patient population have 
been described separately.” * Pulsed Doppler echocar- 
diography was performed within 24 hours before and 
12 hours after transfusion. 

The initial examination consisted of a survey of fetal 
anatomy, biometry, and evaluation for the presence or 
absence of hydrops (defined for this study as at least 
two of the following: ascites, pleural or pericardial ef- 
fusions, or skin edema). Fetal weight was estimated on 
the basis of biparietal diameter and abdominal circum- 
ference.° If fetal ascites was present, fetal weight was 
estimated by using a mean for gestational age by last 
menstrual period, which was confirmed by biometric 
measurements, including consideration of the bipari- 
etal diameter and multiple long bones. All of the anemic 
fetuses had accurate menstrual dating as confirmed by 
these sonographic criteria. Patients were studied in the 
Sims’ position, with right hip elevation used for those 
who reported discomfort in the supine position. 

Complete fetal echocardiographic examination was 
undertaken with the use of standard tomographic 
planes. Anatomy was normal in all studied patients. All 
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Table II. Transatrioventricular valve flow* 





Control Jsotmmunized p 
Tricuspid valve 361 (20.8) 489 (49.8) <0.01 
Mitral valve 284 (17.8) 390 (43.7) <0.02 


*Values are milliliters per kilogram per minute (+ SEM). 


studies were recorded on videotape and analyzed sep- 
arately. Measurement of the atrioventricular valve di- 
ameters was accomplished from recordings of a four- 
chamber view of the heart in real time, with the ultra- 
sound beam as close as possible to perpendicular to the 
interventricular septum. Structural recordings were 
made by means of a 5 MHz-phased array sector trans- 
ducers (model HP 77020A, Hewlett-Packard, Andover, 
Mass.). Videotaped real-time images were played back 
at slow speed and frozen at maximal valve leaflet sep- 
aration and then measured at a point just apical to valve 
insertion into the annulus, where the leaflets could be 
seen extending parallel to each other. At least four 
measurements were obtained for each valve during fe- 
tal apnea. 

Pulsed Doppler information was obtained with an 
apical four-chamber view of the fetal heart, with the 
ultrasound beam as close as possible to parallel to the 
plane. of the interventricular septum. Doppler inter- 
rogation of the atrioventricular valves was carried out 
just below the valve annulus. Angle correction was ap- 
plied assuming that inflow was parallel to the ventric- 
ular septum. Instruments used were specifically cali- 
brated by the manufacturers to comply with current 
Food and Drug Administration acoustic output limi- 
tations with I(SPTA) below 94 mW/cm? (Model HP 
77020A, Hewlett-Packard; ATL UltraMark 4, Ad- 
vanced Technology Laboratories, Bothell, Wash.). 

Analysis of Doppler waveforms was accomplished 
from videotaped waveforms digitized on a VAX work- 
station (Digital Equipment Corp., Maynard Mass.) by 
means of software developed by one of the authors 
(C. C. J.). Mean flow velocity across the atrioventricular 
valves was calculated by digitizing the maximal enve- 
lope of the waveform and applying a correction factor 
of 0.77 All waveforms used had minimal spectral 
broadening (plug flow}. Stroke volume was calculated 
by multiplying mean velocity by valve area (derived 
from the two-dimensional image, assuming a circular 
valve orifice). Cardiac output was calculated by multi- 
plying stroke volume times fetal heart rate. 

Group means were compared by the ¢ test. For mul- 
tiple comparisons, analysis of variance was used. 


Results 

Thirty-seven studies were carried out on 18 isoim- 
munized fetuses (range, 1 to 5 studies per patient) be- 
tween 21 and 35 weeks’ gestation (mean, 29.1 + SD 
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Table III. Components of cardiac output and index calculations in control and isoimmunized groups* 


Control Jsoimmunized 
(N = 35) (N = 11) p 


Tricuspid ; 
Heart rate 138 (1.69) 
Diameter (mm) 8.5 (0.32) 
Output (ml/min) 402 (36.3) 
Index (ml/min/kg) 361 (20.8) 

Mitral 
Heart rate 140 (1.86) 
Diameter 7.8 (0.29) 
Output 302 (24.2) 
Index 284 (17.8) 

Combined output (index) 644 (35.5) 


143 (4.22) NS 
8.9 (0.57) NS 
502 (72.4) NS 
489 (49.8) < 0.01 
143 (4.22) NS 
8.4 (0.45) NS 
382 (41.0) NS 
390 (43.7) < 0.02 
879 (86.0) < 0.006 





*Values given are mean (+ SEM) 


Table IV. Stroke volumes and ventricular outputs of control and isoimmunized fetuses matched for 


7 


gestational age* 


RV stroke volume 104 (5.6) . 
LV stroke volume 104 (4.7) 
Combined stroke volume 103 (4.6) 
RV output 105 (5.7) 
LV output 104 (4.9) 
Combined output 104 (4.9) 


186 (24.4) < 0.0001 
229 (67.3) < 0.002 
203 (40.1) < 0.0001 
192 (26.9) < 0.0001 
234 (74.2) < 0.003 
208 (44.0) < 0.0002 





RV, Right ventricular; LV, left ventricular. 
*Values are percent predicted, mean (+ SEM). 


3.7). Thirteen studies were performed before the first 
intravascular transfusion of that pregnancy; the re- 
mainder were performed on patients undergoing sec- 
ond or subsequent transfusions. Of the 13 patients, two 
were studied before initial transfusions; their results 
were markedly higher than any other patients in either 
group (combined ventricular outputs of 1391 and 2380 
ml/min/kg). The studies of these patients were per- 
formed at relatively high incident angles (40 and 60 
degrees), introducing potential error into the flow es- 
timate. To avoid any skew in the data resulting from 
exaggeration of the isoimmunized group results by 
these two patients, they have been removed from com- 
parisons with the control group. Therefore the re- 
maining analysis involves a comparison of 11 patients 
studied before initial intravascular transfusion. 

Transatrioventricular valve flow from each ventricle 
and combined ventricular output are shown in Table 
IL. Each ventricle’s output when indexed to estimated 
fetal weight was significantly higher than that of the 
control group. The combined indexed ventricular out- 
put of the isoimmunized group was similarly signifi- 
cantly elevated. 

Because several factors contribute to the final mea- 
surement of flow, we examined these in the two groups. 
As already noted, the gestational ages and estimated 
fetal weights were similar in the two groups. Table III 
shows the valve diameters, mean velocities, and heart 


rates of the two groups. The two groups did not differ 
significantly in any of these variables, although there 
was a tendency, albeit not at a level of statistical signif- 
icance, for each of the measured factors except for 
estimated weight to be higher in the anemic state. 

To provide another means of comparison of the two 
groups independent of fetal weight, which might have 
been inaccurately estimated in the hydropic fetuses, the 
cardiac output of our normal population was expressed 
relative to gestational age. The stroke volume (millili- 
ters) and ventricular output (milliliters per minute) of 
the anemic fetuses could then be compared with age- 
matched control fetuses. Table IV shows the differen- 
ces between the two groups expressed as a percentage 
of predicted in the control group. The anemic fetuses 
had significantly greater stroke volumes and ventric- 
ular outputs than those predicted for gestational age. 

Comparison of the right and left ventricular outputs 
before and after transfusion failed to show any signif- 
icant changes. Comparison of the indexed flow was 
similar. However, one patient was notable for an in- 
crease of approximately 50% in the flow. This patient, 
who is reported on in greater detail elsewhere,* had a 
bradycardic, terminally hydropic fetus, whose cardiac 
output was 444 ml/min/kg (1.5 SD below the mean for 
isoimmunized fetuses and the lowest of any fetus in the 
group). Fetal activity improved after transfusion, but 2 
weeks later porencephaly and diffuse cortical atrophy 
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were noted. No further transfusions were requested by 
the parents. 

Comparison of cardiac output to fetal hematocrit 
failed to demonstrate any significant correlation be- 
tween the hematocrit and either ventricle’s flow or the 
combined ventricular output. 

The right and left ventricular outputs were com- 
pared with each other. In the control group the righ: 
to left ventricular output ratio was 1.33, which is similar 
to values reported by others.*" In the anemic group 
the ratio was 1.31. 


Comment 


Fetal hydrops has been postulated to occur as the 
result of a number of influences. Anemia leading tc 
congestive heart failure and increased venous pres- 
sure,' low plasma oncotic pressure,’ or anemia and hy- 
poproteinemia complicated by hypoxia’? have been im- 
plicated as etiologic agents. To date only one case report 
has appeared comparing cardiac output in anemic fe- 
tuses to normal fetuses." That study showed no dif- 
ference between a control population and a severely 
anemic fetus (hematocrit, 7.5%). 

In this study we found significant elevations in the 
right and left ventricular output indexes and the com- 
bined ventricular output index of anemic fetuses com- 
pared with a control group. These differences could 
not be explained on the basis of greater heart rates, 
larger valve diameters, or smaller fetuses in the anemic 
group. 

The fetal hematocrit level was not significantly cor- 
related with cardiac output indexes of either ventricle 
or the combined ventricular index. The absence of such 
a finding might be postulated to relate to different 
stages of disease. Earlier stages might elevate output, 
with a depression in output at a later stage. This spec- 
ulation is supported by the depressed output seen in 
the most severely ill fetus as previously mentioned. 

The relationship between fetal anemia and increased 
cardiac output is uncertain in origin. Fumia et al.” 
found no change in combined ventricular output in 
sheep fetuses made acutely anemic by exchange trans- 
fusion. The mechanism for our findings is unlikely to 
be hypoxia. Although an increase in lactate concentra- 
tions have been reported in anemic fetuses,” this was 
most remarkable in the umbilical artery when the he- 
moglobin level was <4 gm/dl (hematocrit, 12%). Only 
three of 11 fetuses in the present study had hematocrit 
values below 12%. Tachycardia might have been antic- 
ipated in the presence of significant tissue hypoxia, but 
no relationship with fetal hematocrit was found (r = 
0.12, p = 0.69 for right heart rate; r = 0.43, p = 0.14 
for left heart rate [different heart rates result from 
beat-to-beat measurement of Doppler cycles). 
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The performance of Doppler-based estimations of 
absolute flow is potentially influenced by a number of 
sources of error. In the present study these include 
angle estimation, waveform digitization, atrioventric- 
ular valve measurement, and estimation of fetal weight. 
The incident angles were’ minimized for all fetuses 
scanned and were similar in the anemic and control 
groups. Small errors would have been unlikely to sys- 
tematically elevate the measurements in the anemic 
group only. Similar considerations apply to the digiti- 
zation and valve measurement components of the car- 
diac output calculation. 

A remaining concern is the effect of including hy- 
dropic fetuses. Because standard formulas for the es- 
timation of fetal weight are based on biparietal diam- 
eter and abdominal crcumference,°® ascites would ex- 
aggerate fetal weight. We chose to use a mean for 
gestational age, as determined by menstrual history and 
sonography, in such situations. To compare the anemic 
and control groups independent of estimated fetal 
weight, formulas expressing stroke volumes and ven- 
tricular outputs as a function of gestational age were 
derived for the control group. The anemic fetuses re- 
tained their significant differences from the control fe- 
tuses. Because these two measurements were calculated 
independent of estimated fetal weight, inaccuracies in 
estimated fetal weight from inclusion of hydropic fe- 
tuses seem not to be the sole explanation for the dif- 
ferences found between the two groups. All the esti- 
mated fetal weights of the control group fell within 2 
SD of the mean for gestational age, averaging 0.5 SD 
below the mean, thereby making elevated weight esti- 
mates and consequently lower cardiac indexes in con- 
trol subjects unlikely to be the explanation for the dif- 
ferences seen. 

We conclude that severely isoimmunized, anemic fe- 
tuses tend to have higher cardiac output than do control 
fetuses whether expressed as a function of estimated 
fetal weight or gestational age. The increase is shared 
proportionately by both ventricles. Some affected fe- 
tuses will have values in the normal range. Although 
the relationships described are significant, wide varia- 
tions exist, making predictions of severity of the disease 
in the nonhydropic fetus unlikely to be accurate. Al- 
though there is no significant relationship between he- 
matocrit values and cardiac output, extremely compro- 
mised fetuses may demonstrate diminished cardiac 
function as a terminal finding. 

Further areas for investigation will include diastolic 
function of the ventricle, ventricular contraction char- 


` acteristics, and longitudinal evaluation of the fetus over 


a course of intrauterine therapy. Finally, the basic cause 
of hydrops remains subject to speculation. Cardiac 
function must still be included as a potential part of 
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the explanation for why hydrops develops in the se- 
verely anemic fetus. 
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Twin-to-twin transfusion syndrome: What are appropriate 


diagnostic criteria? 


Fiona H. Danskin, MB, ChB,* and James P. Neilson, MD 


Glasgow, Scotland 


One hundred seventy-eight consecutive twin pregnancies were studied to reevaluate the standard 
diagnostic criteria for chronic twin-to-twin transfusion syndrome of an intertwin hemoglobin difference 

>5 gm/dl and a birth weight difference >20%. Hemoglobin differences > 5.gm/di were found in six 
pregnancies with monochorionic placentas but also in seven with dichorionic placentas. Birth weight 
differences >20% occurred no more commonly in monochorionic than in dichorionic pregnancies. Of ihe 
four pregnancies with a coexisting hemoglobin difference >5 gm/dl and birth weight difference >20%, 
only one had a monochorionic placenta and therefore likelihood of vascular anastomoses. Diagnosis of 
twin-to-twin transfusion syndrome cannot be definitively established by current standard diagnostic criteria. 


(Am J OpsTet GYNECOL 1989;161:365-9.) 
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Twin-to-twin transfusion syndrome is an important 
complication of twin pregnancy," ° resulting from 
shunting of blood from one twin to the other through 
placental vascular anastomoses. Injection studjes of 
twin placentas have shown that such anastomoses are 
almost universally present in monochorionic placentas 
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Table I. Zygosity studies in 178 consecutive 
twin pregnancies 





Monochorionic placenta 51 
70 Monozygotic 
19 
Blood group studies 
35 
87 Dizygotic 
Discordant sex 52 


Intrauterine death 4 
21 Unknown 
Technical failure 17 


but so extremely rare in dichorionic placentas':* that 
the possibility of the syndrome occurring with this typ2 
of placenta can be disregarded. Both acute and chroniz 
forms of the twin-to-twin transfusion syndrome have 
been described.* The acute form has been attributed 
to rapid transfer of blood through superficial artery- 
to-artery or vein-to-vein anastomoses during labor and 
delivery, resulting in a hypovolemic, anemic donor twin 
and a hypervolemic, plethoric recipient twin of simila> 
birth weight." ° The chronic syndrome results from 
gradual antepartum transfusion through deep artery- 
to-vein anastomoses, rendering the donor twin not only 
hypovolemic and anemic but also growth retarded, 
whereas the hypervolemic, plethoric recipient is usually 
larger.°* These features may be accompanied by oli- 
gohydramnios in the sac of the donor and polyhy- 
dramnios in that of the recipient and may be identifi- 
able before birth by ultrasonography.® 

Twin-to-twin transfusion syndrome is usually diag- 
nosed or confirmed after birth by the discovery of a 
hemoglobin difference >5 gm/dl between twins? and 
a birth weight difference >20%, providing evidence of 
the chronic form of the syndrome.’ We have reeval- 
uated these standard and widely accepted diagnostic 
criteria as part of an ongoing intensive study of twin 
pregnancy. Despite an exhaustive MEDLINE literature 
search, we have not been able to identify any other such 
reevaluation. 


Material and methods 


One hundred seventy-eight consecutive twin preg- 
nancies delivering in The Queen Mother’s Hospital, 
Glasgow, (a tertiary referral center) between August 
1984 and February 1988 were studied. Of the mothers, 
160 had attended the hospital for antenatal care, mostly 
at a special twin pregnancy antenatal clinic, and the 
other 18 were transferred from other hospitals, usually 
in established or incipient preterm labor. Venous blood 
samples were usually obtained from neonates by pe- 
diatricians on the first day of life for hematologic in- 
dexes, including hemoglobin concentration. In some 
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cases in which both babies were well, at term, and ap- 
propriate for gestational age, the pediatric staff con- 
sidered venesection unnecessary on clinical grounds. 
All birth weights were recorded, and the intertwin birth 
weight difference was calculated as a percentage of the 
weight of the larger twin. 

Zygosity was determined in 88% of pregnancies 
(Table I) by inspection of the placentas (a monocho- 
rionic placenta indicating a monozygotic pregnancy), 
sex discordance (indicating a dizygotic pregnancy), or 
when necessary by comparing red blood cell antigens 
of the ABO, rhesus, MNS, Kell, Duffy, Kidd, Lutheran, 
and Wright systems.“ In all 21 cases in which zygosity 
was not established, the placenta was dichorionic and 
the twins were of like sex; in four there had been in- 
trauterine death of one twin, and in the remainder 
blood was not sent for grouping. 

Total perinatally related wastage, an index that in- 
cludes late abortions, stillbirths, early and late neonatal 
deaths, and perinatally related infant deaths,” is shown 
in Table II. In all three monochorionic monozygotic 
pregnancies in which one or both fetuses were stillborn, 
features were compatible with, although not diagnostic 
of, twin-to-twin transfusion syndrome. In one preterm 
labor occurred at 34 weeks, and the leading twin died 
of asphyxia after abdominal dystocia caused by ascites; 
the second twin weighed 530 gm less and had a he- 
moglobin value at birth of 11 gm/dl. In another preg- 
nancy acute polyhydramnios occurred in the amniotic 
sac of the first twin, which resulted in abruptio placen- 
tae and intrauterine death. The second twin, who sur- 
vived, was very pale at birth and weighed 27% less than 
the first. In a third pregnancy acute polyhydramnios 
developed at 32 weeks, which was more marked in the 
amniotic sac of the first twin. Labor supervened within 
24 hours and stillborn female infants were born; the 
first twin weighed 1.71 kg and appeared very plethoric 
with congested organs at postmortem examination, and 
the second twin weighed only 1.46 kg and appeared 
very pale. Hemoglobin values were not obtained in the 
latter two pregnancies. 


Results 

The hemoglobin concentrations of venous blood 
samples withdrawn from both babies on the first day 
of life were obtained in 118 of the 178 pregnancies. 
Both hemoglobin values were known in 35 of the 51 
monochorionic pregnancies, and in six there was an 
intertwin difference >5 gm/dl. However, there were 
two pregnancies in the monozygotic dichorionic group, 
one in the dizygotic group, and four in the zygosity 
unknown group, all of which had dichorionic placentas, 
in which hemoglobin differences >5 gm/dl were also 
found. Oligohydramnios occurred in the amniotic sac 
of one twin in only two of these 13 pregnancies, both 
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Table II. Outcome in 178 consecutive twin pregnancies 


Late Fetus Early 
Alive abortions Stillbirths papyraceus NND PRID* 
93 1 4 o 34 0 






No. of 








Zygosity/ placentation babies 
Monozygotic men- 102 
ochorionic 
Monozygotic di- 38 38 0 
chorionic 
Dizygotic 174 164 0 
Not known 42 32 1 


Diagnosis of twin-to-twin transfusion syndrome 367 







TPRW/1000F 


64.3 
0 0 0 
1 8§l| 0 57.5 
4 2 2 238.1 





NND,Neonatal deaths; PRID, perinatally related infant deaths; TPRW, total perinatally related wastage. 
*Perinatally related infant deaths are all infant deaths (between 1 month and 1 year of life) from or partly from a primary 


perinatal complication or its treatment.” 


t Total perinatally related wastage includes all late abortions, except terminations of pregnancy for fetal abnormalities, all 
perinatal deaths, all late neonatal deaths (during the second, third, and fourth weeks of life), and all perinatally related infant 


deaths.” 
One exomphalos. 
§ One anencephalic. 
[One cyanotic congenital heart disease. 


of which had dichorionic placentas. None of the twenty- 
six babies in this group required treatment for anemia 
or polycythemia in the neonatal period. 

Birth weight differences, which were expressed as a 
percentage of the weight of the larger twin, were cal- 
culated for all pregnancies, Excluding those cases in 
which there was a fetal abnormality or a fetus papyra- 
ceus, a birth weight difference >20% was present in 
17.4% of pregnancies. The distribution of these ac- 
cording to zygosity is shown in Table III. Oligohy- 
dramnios was again an infrequent occurrence in this 
group and was found in the sac of one twin in only 
four pregnancies. Three of these had a dichorionic 
placenta and one had a monochorionic placenta. 

In only four pregnancies did a hemoglobin differ- 
ence >5 gm/dl and a birth weight difference >20% 
coexist, and none of these four pregnancies showed 
evidence of oligohydramnios or polyhydramnios in ei- 
ther amniotic sac. Only one of these pregnancies was 
associated with a monochorionic placenta, and in it 
alone did the heavier twin have the higher hemoglobin 
value (Table IV). 


Comment 

Since the recognition of the twin-to-twin transfusion 
syndrome by Herlitz” in 1941, much interest has been 
focused on this rare complication of twin pregnancy. 
Initial publications were single case reports of the syn- 
drome, whereas larger studies later attempted to define 
the incidence, pathogenesis, and associated morbidity 
and mortality.” * It was suggested that when a large 
volume of blood is transferred antepartum, one or both 
twins may die in utero.? Since many early studies only 
considered those pregnancies resulting in the live birth 
of both babies, they probably underestimated the true 
incidence of the syndrome. In our study all three 
monochorionic pregnancies resulting in the stillbirth of 


Table III. Birth weight difference >20% 


Birth weight 
difference 
>20% 










Zygosity/ placentation % 


Monozygotic mono- 51 8 15.7 
chorionic 
Monozygotic dicho- 19 4 21.1 
rionic 
Dizygotic 87 14 16.0 
Not known 21 5 23.8 
178 31 17.4 


one or both babies demonstrated features compatible 
with the twin-to-twin transfusion syndrome. 

However, the purpose of our study was neither to 
determine the significance of the twin-to-twin trans- 
fusion syndrome in contributing to perinatal mortality 
and morbidity nor to define its incidence (we did not 
have hemoglobin values from all sets of twins). Rather, 
we aimed to reevaluate the standard diagnostic criteria 
for the twin-to-twin transfusion syndrome—a matter 
not only of clinical importance but also vital for further 
perinatal research. 

Indeed, our study was generated by conflicting re- 
ports of fetal velocity waveforms of the umbilical artery 
as assessed by the new technology of Doppler ultra- 
sonography on twin pregnancies believed complicated 
by the twin-to-twin transfusion syndrome. Concor- 
dant, discordant,” and variable patterns have been 
described, and these discrepancies may have stemmed 
from diagnostic confusion. 

Twin-to-twin transfusion syndrome has traditionally 
been diagnosed after birth by finding a hemoglobin 
difference >5 gm/dil—a criterion introduced by Rau- 
sen et al.’ in 1965. They had found such a hemoglobin 
difference in 19 of 130 monochorionic pregnancies, 
whereas in 43 dizygotic pregnancies no difference >3.3 
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Table IV. Birth weight difference >20% and hemoglobin difference >5 gm/dl 














Birth weight 





j Twin 2 
Zygosity! placentation 





(kg) 
Monozygotic monochorionic 2.85 2.18 
Monozygotic dichorionic 2.39 1.49 
Dizygotic dichorionic 1.47 2.41 
Dizygotic dichorionic 3.16 2.25 






Hemoglobin 














Difference 
(%) 


23.51 24.0 16.0 8.0 
37.66 14.9 27.4 12.5 
39.00 22.9 17.0 5.9 
28.80 13.7 25.0 11.3 





_ gm/dl was found. Therefore they selected a hemoglo- 
bin difference > 5 gm/dl as a suitable cutoff value, and 
this has been accepted by authors of subsequent pub- 
lications as definitive evidence of the twin-to-twin trans- 
fusion syndrome. However, our study showed that al- 
though a hemoglobin difference > 5 gm/dl existed in 
six monochorionic pregnancies, it also occurred in 
seven dichorionic pregnancies; in fact the largest he- 
moglobin differences (12.5 and 11.3 gm/dl) occurred 
in the latter group. Because placental anastomoses are 
extremely rare in fused dichorionic placentas,’ it is un- 
likely that the twin-to-twin transfusion syndrome. 
occurred in these seven cases. Thus a difference 
in hemoglobin concentration is not in itself suffi- 
cient to establish a diagnosis of twin-to-twin transfusion. 
syndrome. l ' 

Tan et al.‘ studied 482 twin pairs in an attempt to 
differentiate the acute and chronic forms of the syn- 
drome. ‘They diagnosed the syndrome in 35 sets of 
twins on finding obvious plethora in one twin and pallor 
in the other, along with a hemoglobin difference >5 
gm/dl. They divided the twins into two groups accord- 


ing to whether the birth weight difference between each ` 


pair was greater or less than 20% of the weight of the 
heavier twin. They found that in those twins who had 
a large weight difference, the twin with the lower he- 
moglobin was invariably lighter, whereas in those twins 
with a small weight difference, the twin with the lower 
hemoglobin value was heavier. They concluded that 
birth weight difference provides a simple yet reliable 
yardstick for differentiation of twin pregnancies with 
hemoglobin differences into acute and chronic forms. 
This additional criterion of birth weight difference 
>20% has been widely adopted. 

However, our study showed that a birth weight dif- 
ference >20% occurred no more commonly in mono- 
chorionic pregnancies than in dichorionic pregnancies. 
In addition, of the four pregnancies in which a, he- 
moglobin difference >5 gm/dl and a birth weight dif- 
ference >20% coexisted, only one had a monochorionic 
placenta. In this pregnancy the heavier twin had the 
higher hemoglobin value, whereas in the three dicho- 
rionic pregnancies the lighter twin had the higher he- 
moglobin ‘value. These presumably represent growth 


retardation in association with polycythemia, a well- 
recognized combination. Because Tan et al. used a he- 
moglobin difference >5 gm/dl as the sole diagnostic 
criterion for the twin-to-twin transfusion syndrome and 
did not take into account chorionicity of the placenta, 
it is likely that their subgroup included a similar pro- 
portion of polycythemic growth retarded babies from 
dichorionic pregnancies. 

In summary, the standard diagnostic criteria used in 
clinical obstetrics and perinatal research do not permit 
a definitive diagnosis of the twin-to-twin transfusion 
syndrome. Differences in hemoglobin and birth weight 
must be interpreted in the light of knowledge of pla- 
cental morphology and whether the heavier or lighter 
twin had the higher hemoglobin value. Further studies 
are still required to elucidate this enigmatic condition. 


We gratefully acknowledge the contributions of Dr. 
A. A. M. Gibson, consultant pathologist, and the Re- 
gional Blood Transfusion Service, Law Hospital, in es- 
tablishing zygosity, and the helpful criticisms of this 
manuscript by Professor C. R. Whitfield and Dr. B. 
Holland. 
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The prevalence and biologic significance of lupus anticoagulant 
and anticardiolipin antibodies in a general obstetric population 


C. J. Lockwood, MD, R. Romero, MD, R. F. Feinberg, MD, PhD, L. P. Clyne, FIMLS, MS, 


B. Coster, BS, and J. C. Hobbins, MD 
New Haven, Connecticut 


Circulating antibodies to negatively-charged phospholipids have been implicated in the genesis of adverse 
pregnancy outcomes. However, it has yet to be established that these antibodies are causative or that 
they are invariably associated with untoward perinatal outcomes. To address this issue, the prevalence of 
lupus anticoagulant and anticardiolipin antibodies was recorded in a low-risk obstetric population, and the 
outcomes of untreated pregnancies were evaluated. Two of 737 patients (0.27%) had lupus anticoagulant 
documented by a prolonged activated partial thromboplastin time that did not correct with mixing studies. 
In comparison, greatly elevated concentrations of immunoglobulin M—anticardiolipin antibodies or 
immunoglobulin G~anticardiolipin antibodies were identified in 16/737 (2.2%) patients by means of an 
enzyme-linked immunosorbent assay. Spontaneous abortions occurred in both lupus anticoagulant—positive 
patients, suggesting that the activated partial thromboplastin time used was a relatively insensitive but 
specific marker for antiphospholipid antibody—associated adverse pregnancy outcomes. In contrast, 
although 12 of 16 anticardiolipin antibodies—positive pregnancies were complicated by perinatal loss, 
preterm delivery, or fetal growth retardation, four patients had uncomplicated pregnancies. Moreover, the 
distribution of anticardiolipin antibodies concentrations in these four patients was not clustered among the 
lowest anticardiolipin antibodies values, and anticardiolipin antibodies concentrations correlated weakly 
with adverse outcomes. These findings suggest that antiphospholipid antibodies are related to adverse 
pregnancy outcomes in a complex fashion and that therapy is not always required for acceptable 
outcomes in patients without other risk factors. (Am J OpsTET GYNECOL 1989;161:369-73.) 


Key words: Lupus anticoagulant, anticardiolipin antibodies, activated partial thromboplastin 


time 


Circulating lupus anticoagulants are either identical 
to or closely associated with immunoglobulin M (IgM) 
and immunoglobulin G (IgG) antibodies to negatively- 
charged phospholipids.’ A laboratory characteristic of 
lupus anticoagulant is the inhibition of the activated 
partial thromboplastin time and its derivative assays.' 
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This in vitro laboratory phenomenom is a Consequence 
of antibody binding to negatively-charged phospho- 
lipid surfaces on which factors Xa and Va convert pro- 
thrombin to thrombin.' Paradoxically, in vivo lupus an- 
ticoagulant and related antiphospholipid antibodies 
promote thrombosis’ via a myriad of potential pro- 
thrombotic mechanisms.”* 

Reportedly 94% of pregnancies occurring in patients 
with lupus anticoagulant who do not receive appro- 
priate treatment result in spontaneous abortion or still- 
birth.” A 13% to 40% prevalence of antibodies to the 
divalent phospholipid, cardiolipin, has been noted in 
patients evaluated for a history of “idiopathic” recur- - 
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Table I. Prégnancy outcomes in patients with 
anticardiolipin antibodies 


Patient | ACA level (SD) | Outcome 


IgM cardiolipin-specific antibodies 





GA delivers/loss (wk) 


I 2.32 PTD/IUGR 33 
2 2.32 IUGR 40 
3 2.40* SAB i 16-21 
4 2.45 TAGA 40 
5 2.70 TAGA 40 
6 2.80 PTD/IUFD 25 
7 3.80 PTD/NND >- 25 
IgG cardiolipin-specific antibodies 
1 2.38 TAGA 40 
2 2.40 SAB <13 
3 2.45 TAGA 38 
4 2.60 SAB <13 
5 2.70 SAB <13 
6 2.70 PTD/NND 23 
7 2.90 PTD 25 
8 3.10 PTD 30 
9 3.20 PTD/IUGR 33 
10 3.40* SAB 18 
11 3.45 TAGA 40 
12 3.70 IUGR 40 





GA, Gestational age; SAB, fetal loss at <20 weeks; JUFD, 
fetal loss at, >20 weeks; JUGR, birth weight <tenth percentile 
at any gestational age; TAGA, birth weight appropriate for 
gestational age (>tenth percentile) arid delivered at term; 
PTD, delivery at <37 weeks; NND, neonatal death. 


* Lupus anticoagulant—positive. 


rent abortion.® ® These observations lend credence to 
the hypothesis that aritiphospholipid antibodies are di- 
rectly responsible for the associated pregnancy wastage. 
Intervillous thrombosis,’ spiral artery vasculopathy,"* 
and immune-mediated trophoblast damage" are the 
postulated pathologic mechanisms. The presumed link 
between adverse pregnancy outcomes and antiphos- 
pholipid antibodies is so convincing that aggressive 
treatment has been advocated in “at risk” patients de- 
spite a lack of prospective, double-blind, placebo- 
controlled trials.’ 

This study was designed to establish the prevalence 
and biologic significance of lupus anticoagulant and 
antiphospholipid antibodies in a low-risk obstetric pop- 
ulation. A prevalence of antiphospholipid antibodies in 
a low-risk obstetric population similar to that in pop- 
ulations with recurrent pregnancy wastage would be 
evidence against the pathogenicity of these antibodies. 
Normal outcomes in untreated, low-risk patients with 
the antibodies would also contradict a pathogenic role, 
as would a lack of correlation between antiphospholipid 
antibody concentration and adverse pregnancy out- 
comes. 


Material and metheds 

Patient population. The study population was de- 
rived from the Yale-New Haven Hospital obstetric 
clinic. The investigation was approved by the Yale Hu- 
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man Investigation Committee and informed consent 
was obtained. Patients with a history of three consec- 
utive spontaneous losses or stillbirths were excluded, 
and a total of 737 sequential eligible patients were en- 
rolled during a 9-month study period. One additional 
citrated plasma and serum sample was obtained from 
each study patient undergoing phlebotomy during rou- 
tine obstetric care. The samples were placed on ice, 
centrifuged at 5000 rpm for 10 minutes, and the su- 
pernatant frozen in multiple aliquots at —70° C for 4 
to 8 months. Prior studies have demonstrated that lu- 
pus anticoagulant effect is preserved for prolonged pe- 
riods after similar storage.” 

Identification of lupus anticoagulant éffect. The 
presence of lupus anticoagulant was assessed by acti- 
vated partial thromboplastin time. The partial throm- 
boplastin reagent consisted of cardiolipin- and phos- 
photidylserine-rich mixed-brain phospholipid. Colloi- 
dal silica was used as the activator, and an automated 
method was used (MLA-Electra 600, Medical Labora- 
tory Automation, Inc., Mount Vernon, N.Y.). The acti- 
vated partial thromboplastin time recorded was the av- 
erage of duplicated determinations. Pooled plasma 
from nonpregnant patients was used with each run as 
a control. Mixing studies were performed on prolonged 
samples with the use of a separate ‘aliquot of the pa- 
tient’s citrated plasma and an equal quantity of control 
plasma. 

Detection of antiphospholipid antibodies: Anticar- 
diolipin antibodies enzyme-linked immunosorbent as- 
say. Anticardiolipin antibodies were isolated by means 
of an enzyme-linked immunoabsorbent assay that was 
developed by Cowchock et al.* Microtiter plates (Fisher 
Scientific Co., Springfield, N.J.) were coated with 1 pg 
of bovine cardiolipin in ethanol (Sigma Chemical, 
St. Louis, Mo.), air evaporated in a cold room overnight, 
and blocked with fetal calf serum. Uncoated plates were 
similarly blocked. The wells were then successively in- 
cubated with test or control serum, goat antihuman y- 
or p-chain IgG (Sigma}, and alkaline phosphatase con- 
jugated—rabbit antigoat y-chain IgG (Sigma). The 
plates were washed with a Titertek Washer (Flow Lab- 
oratories, McLean, Va.) with phosphate-buffered saline 
solution between incubations. The substrate 4 p-nitro- 
phenylphosphate was then added for 1 hour in a dark 
room, and the subsequent colorimetric reaction was 
read at 405 nm with Multiskan Plus microtiter plate 
reader (Flow Laboratories). 

A standard linear curve was then generated on log- 
logistic paper of the A optical density 405 nm readings 
from serial dilutions of positive control serum contain- 
ing known concentrations of IgM or IgG anticardio- 
lipin antibodies. Dilutions of both control sera and 
antibody reagents were chosen to yield a maximal ab- 
sorbance of 0.8 at 405 nm. Average IgM or IgG anti- 
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cardiolipin antibody units were assigned to each pa- 
tient’s duplicated sample by plotting against the stan- 
dard curve, All elevated samples were repeated, and 
only those samples found elevated in two separate as- 
says were considered significant. 

Since polyclonal elevations of IgM and IgG may cause 
false-positive readings as a result of nonspecific bind- 
ing, only specific binding to cardiolipin was considered 
diagnostic. This was calculated by subtracting the total 
IgM or IgG unit values obtained in the cardiolipin- 
coated plates from the nonspecific IgM or IgG unit 
values obtained in the uncoated plates. 

Data collection and analysis. All assays were per- 
formed by one investigator (C. L.) before the review of 
patient records. Demographic and outcome variables 
were collected after delivery. Nine subjects were lost to 
follow-up, and 22 patients had therapeutic abortions. 
Final outcome data were available for che remaining 
706 patients. 

Statistical analysis of the data was done by means of 
the Student ¢ test, Mann-Whitney test, x?, Fisher’s exact 
test, Z test for proportions, and multiple logistic re- 
gression. 


Results 


Population demographics on enrollment. The me- 
dian gestational age at sampling was 16 weeks. The 
mean maternal age was 22.7 years (95% confidence 
interval 22.3, 23.1), Median gravidity was three and 
median parity was one. The racial distribution was 63% 
black, 18.5% white, and 18.5% Hispanic. 

Outcomes in patients with lupus anticoagulant. The 
mean activated partial thromboplastin time of the study 
patients was 30.6 seconds (95% confidence interval 
30.3, 30.9) and was not different from the nonpregnant 
control value of 30.5 seconds (95% confidence interval 
30.4, 30.6). The activated partial thromboplastin time 
displayed a slight inverse correlation with gestational 
age at sampling (R = — 0.24; p < 0.0001). 

An activated partial thromboplastin time >2.3 stan- 
dard deviations above the total population mean was 
considered abnormal (equivalent to 1.3 multiples of the 
mean, or 40 seconds). This excluded 99% of the un- 
affected population. Two patients demonstrated an ac- 
tivated partial thromboplastin time >40 seconds, which 
did not correct on mixing studies, thus giving a lupus 
anticoagulant prevalence of 0.27%. Both of these pa- 
tients had midsecond-trimester losses and false-positive 
syphilitic serologic studies (case 1 activated partial 
thromboplastin time = 45.0/30.2 seconds; case 2 ac- 
tivated partial thromboplastin time = 42.6/28.0 sec- 
onds). After correcting for gestational age at sampling, 
the activated partial thromboplastin time did not cor- 
relate with birth weight or gestational age at delivery. 

Outcomes in patients with anticardiolipin antibod- 
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Table II. Comparisons of pregnancy outcomes 
in patients with IgM or IgG 
cardiolipin-specific antibodies compared with 
the unaffected population 













ACA positive 
mean 


(95% CI) 


ACA negative 
. mean 


(95% CI) 





Birth weight (gm) 





All births 3174 1801 0.0038* 
(3159, 3273) (976, 2625) 0.0000} 

Live births 3216 2360 0.0280* 
(3159, 3276) (1627, 3093) 0.00007 

Gestational age at delivery (wk) 

All births 37.3 27.5 0.0039* 
(36.6, 37.9) (21.4, 33.5) 0.0000 

Live births 39.3 34.6 0.0484* 
(39.1, 39.5) (30.0, 39.2) 0.0000} 

* By ¢ test. . 


Mann-Whitney two-sample tesz. 


ies. The distribution of IgM and IgG anticardiolipin 
antibody concentrations was evaluated in a population 
subset with normal outcomes (nongrowth retarded, 
term, live births). This distribution was positively 
skewed. However, the natural log transformation of the 
data was normally distributed. A concentration greater 
than 2.3 SD above the transformed mean was chosen 
as a cutoff value, since this excluded 99% of unaffected 
patients. 

IgM and IgG anticardiolipin antibody concentrations 
did not correlate with the activated partial thromboplas- 
tin time or gestational age at sampling. There were 
significant differences between mean activated partial 
thromboplastin time in the anticardiolipin antibody— 
positive (33.0 seconds, 95% confidence interval 30.73, 
85.29) versus the anticardiolipin antibody—negative 
(30.5 seconds, 95% confidence interval 30.26, 30.86) 
populations (p < 0.015). With a 2.3 SD cutoff value, 
seven patients had elevated concentrations of cardio- 
lipin-specific IgM, and 12 patients had elevated con- 
centrations of cardiolipin-specific IgG. The anticardio- 
lipin antibody concentrations in SD above the mean and 
the pregnancy outcomes are presented in Table I. 

A total of 16 patients had either IgM or IgG anti- 
cardiolipin antibodies, resulting in a 2.2% prevalence 
of anticardiolipin antibodies in this low-risk population. 
There were no differences in maternal age or parity 
between the affected and unaffected populations. 
However, patients with elevated anticardiolipin anti- 
bodies levels were more likely to have had a prior spon- 
taneous abortion or preterm delivery (p < 0.0001). The 
anticardiolipin antibody—positive population had sig- 
nificantly different pregnancy outcomes compared 
with the unaffected population (Tables II and III). Pa- 
tients with anticardiolipin antibodies were noted to de- 
liver at earlier gestational ages and have lower mean 


372 Lockwood et al. 


Table HI. Comparisons of pregnancy 
outcomes in patients with IgM or IgG 
cardiolipin-specific antibodies compared with 
the unaffected population 


ACA negative ACA positive 
Variable N (%) N (%) | p value 





LB 655/718 (91%) 10/16 (62%) 0.0001* 
SAB 36/718 (5%) 4/16 (25%) 0.0001* 
IUFD 4/718 (1%) 2/16 (12%) NS 
NND 5/718 (1%) 2/16 (12%) NS 
LBW 43/360 (11%) 6/10 (60%) 0.0001+ 


False (+) RPR 5/460 (1%) 5/7 (71%) 0.0000+ 


Cigarette 157/548 (29%) 6/14 (43%) NS 
smoking 

Racial composition f 
Black 453/720 (63%) 8/16 (50%) NS 
White 133/720 (18%) 3/16 (18%) NS 
Hispanic 131/720 (18%) 5/16 (31%) NS 





RPR, Rapid plasma reagin test; LB, live births; NND, neo- 
natal death; SAB, spontaneous abortion; /UFD, intrauterine 
fetal death; LBW, intrauterine growth retardation or preterm 
delivery. 

#y?, 

t Fisher’s exact test. 


birth weights compared with the unaffected popula- 
tion. The anticardiolipin antibody—positive population. 
had a fivefold relative risk of having a spontaneous 
abortion or low birth weight infant compared with the 
anticardiolipin antibody—negative population. Patients 
with anticardiolipin antibodies were more frequently 
Hispanic and smokers, although these differences did 
not attain statistical significance, 

Ten patients in the study population had a false- 
positive rapid plasma reagin test; five were positive for 
anticardiolipin antibodies. Three of the five anticar- 
diolipin antibody—negative patients with a false- 
positive rapid plasma reagin test had greatly elevated 
(>3 SD) nonspecific IgM binding, which suggested po- 
lyclonal IgM elevations. Two of these three patients 
were human immunodeficiency virus positive. 

Multiple stepwise regression analysis demonstrated 
a weak inverse correlation between IgM anticardio- 
lipin antibody concentrations and birth weight (R = 
—0.26, R? = 0.07, p = 0.025). No statistically signifi- 
cant correlations were demonstrated for IgG anticar- 
diolipin antibody concentrations and birth weight or 
for IgM or IgG anticardiolipin antibody concentrations 
and gestational age at delivery. 


Comment 

The prevalence of lupus anticoagulant as ascertained 
by activated partial thromboplastin time was 0.27% in 
this low-risk obstetric population. The two affected 
pregnancies resulted in mid-gestational losses. How- 
ever, the activated partial thromboplastin time was able 
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to detect only two of 16 (12.5%) patients with anti- 
phospholipid antibodies identified by an anticardiolipin 
antibodies enzyme-linked immunosorbent assay. We 
conclude that the particular activated partial throm- 
boplastin time used in this low-risk population has low 
sensitivity but high specificity for the prediction of ad- 
verse pregnancy outcomes in patients who also had 
antiphospholipid antibodies. 

Prior studies have demonstrated that the activated 
partial thromboplastin time will identify 80% to 90% 
of patients harboring lupus anticoagulant detectable by 
more elaborate coagulation assays. The relative in- 
sensitivity of the activated partial thromboplastin time 
used in this study is unlikely to have resulted from 
antibody absorption by platelet phospholipid, since 
centrifugation had rendered the samples platelet poor. 
The use of mixed-brain phospholipid as the partial 
thromboplastin may have reduced efficiency, since it 
has been shown to be less sensitive than synthetic prep- 
arations.’® Alternatively, functional coagulation assays 
that detect the indirect effect of antiphospholipid an- 
tibodies on in vitro prothrombin complex formation 
may simply be less sensitive than direct assays for the 
presence of antiphospholipid antibodies. A number of 
investigators have noted this relative insensitivity.® ') 

Both patients with lupus anticoagulant had either 
IgM or IgG anticardiolipin antibodies; however, con- 
centrations of anticardiolipin antibodies did not cor- 
relate with activated partial thromboplastin time in the 
16 patients with elevated concentrations of anticardio- 
lipin antibodies or with concentrations in the general 
population. This is in contrast to other investiga- 
tors who have demonstrated a significant correlation 
(r = 0.702) between the kaolin partial thromboplastin 
time and IgG anticardiolipin antibody activity. The 
lack of correlation between anticardiolipin antibody 
concentration or immunoglobulin class and activated 
partial thromboplastin time prolongation suggests that 
the insensitivity of the coagulation assay is not simply 
a quantitative- or immunoglobulin class—dependent 
phenomenon. 

The prevalence of elevated concentrations of 
cardiolipin-specific IgM or IgG was 2.2% in this low- 
risk obstetric population. This frequency is comparable 
with the 2.1% (2/94) prevalence of anticardiolipin an- 
tibodies found by Petri et al.“ in a sample low-risk, 
pregnant population derived by use of a 97.5% confi- 
dence interval cutoff in a positively skewed distribu- 
tion. The sensitivity of the anticardiolipin antibody 
enzyme-linked immunosorbent assay in identifying the 
presence of any antiphospholipid antibody production 
has been reported at >80%.° Nonetheless, the failure 
to evaluate other potential phospholipid epitopes may 
have resulted in a modest underestimation of the prev- 
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alence of antiphospholipid antibody—mediated preg- 
nancy wastage in this study. Furthermore, the relatively 
late median date of sampling may have caused the ex- 
clusion of a number of patients with spontaneous abor- 
tions and therefore underestimated the prevalence of 
anticardiolipin antibodies. 

Although 12 of 16 patients (75%) with anticardiolipin 
antibodies had adverse perinatal outcomes, including 
spontaneous abortions, stillbirths, preterm delivery, or 
growth retardation, these adverse outcomes were not 
invariable. Moreover, the concentration of the antibody 
was only weakly correlated with adverse outcomes. The 
distribution of anticardiolipin antibody concentrations 
in the four patients with normal pregnancy outcomes 
was not clustered among the lowest concentrations, 
suggesting that a higher cutoff value would not have 
eliminated these patients but would have lowered 
sensitivity for the prediction of adverse pregnancy 
outcomes. Furthermore, the cutoff value used in 
this study after log transformation of the data cor- 
responded to 6 SD above the mean of the original 
nongaussian distribution. This is a far-higher cutoff 
value than has been used by a number of other 
investigators® *'+'* and is comparable with the opti- 
mal cutoff value suggested by Harris et al Thus ad- 
verse pregnancy outcomes do not appear to be an in- 
variable consequence of antiphospholipid antibodies. 
This suggests that therapy is not always required to 
achieve normal outcomes. 

The complex relationship between anticardiolipin 
antibodies and both adverse pregnancy outcomes and 
activated partial thromboplastin time inhibition dem- 
onstrated in this study may be a consequence of a num- 
ber of biologic modifiers. Heterogeneity in antibody 
effect may result from individual variations in antibody 
affinity and avidity or from variations in the stimulus 
for anticardiolipin antibodies production (e.g., anticar- 
diolipin antibodies produced in response to syphilis or 
viral infections are not associated with thrombosis). A 
second modifier of the biologic effect of antiphospho- 
lipid antibodies is host resistance. Patients with greater 
endothelial surface concentrations of antithrombin III, 
protein C and S, or prostacyclin synthetase may be less 
susceptible to the potential adverse consequences of 
antiphospholipid antibodies. Variation in membrane 
phospholipid content caused by dietary or genetic fac- 
tors may also modify host resistance to antibody effect. 
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Fetal blood gas analysis from cordocentesis for abnormal fetal 


heart rate patterns 


Dinesh M. Shah, MD, and Frank H. Boehm, MD 


Nashville, Tennessee 


We present three cases with abnormal fetal heart rate patterns and cordocentesis umbilical venous blood 
gas analyses. Conflicting heart rate patterns and cordocentesis and postnatal blood gas analyses prompt 
questions with regard to abnormal fetal heart rate pattern interpretation and suggest that cordocentesis 

blood gas analysis aids perinatal management only as a reflection of fetal status at sampling time. (Am J 


OBsTET GYNECOL 1989;161:374-6.) 


Key words: Cordocentesis, fetal blood gas analysis, fetal heart rate patterns 


Fetal blood sampling through ultrasonography- 
guided needle puncture of umbilical cord was sug- 
gested by Hobbins et al.’ for prenatal assessment of 
fetal hypoxia. Nicolaides et al.? reported diagnosis of 
severe hypoxic acidosis by fetal blood sampling in a 
case of symmetrical intrauterine growth retardation. 


We used fetal blood sampling and subsequent bloed 
gas analysis for in utero assessment of fetal status -n 
three cases, which provided interesting results used in 
clinical management. Dilemmas that arose from con- 
flicting fetal heart rate tracings, cordocentesis-obtained 
umbilical venous blood gas analysis, and postnatal cord 
gas analysis are presented. 


Case 1 

B. H., a 31-year-old gravida 2, para 0-0-1-0 woman 
at 24 weeks’ gestation, transferred to Vanderbilt Uni- 
versity Medical Center because of polyhydramnios and 
uterine irritability and was placed on oral tocolysis. Ex- 
ternal fetal heart rate monitoring revealed a basal rate 
of 140 to 150 beats/min and a flat baseline with fre- 
quent deep variable decelerations. Ultrasonography re- 
vealed polyhydramnios and double bubble sign consis- 
tent with diagnosis of duodenal atresia. The patient 
underwent fetal blood sampling to rule out chromo- 
somal abnormality. 

She was delivered of an infant 5 days after cordo- 
centesis as a result of active preterm labor. The neonate 
weighed 630 gm, had respiratory distress, required 
duodenostomy, and was discharged on day 116 af-er 
birth. A representative monitor tracing and all results 
are presented in Fig. 1. 
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Case 2 

J. B., an 18-year-old primigravid woman at 27 
weeks’ gestation, transferred to Vanderbilt University 
Medical Center because of preterm labor and was 
placed on intravenous and later oral tocolysis. Ultra- 
sonography revealed biometry consistent with men- 
strual dates, a slightly increased amniotic fluid level. 
There were no notable anomalies. Biophysical profile 
revealed a score of 8 of 8. She had occasional sponta- 
neous late decelerations, and persistence of variable 
decelerations was noted on day 5 with baseline rate in 
the 140s. Increased frequency of late decelerations with 
baseline rate in the 150s was noted on day 9. The pa- 
tient was counseled and offered fetal blood sampling 
through cordocentesis. Fetal oxygenation and acid base 
status were within acceptable limits. While awaiting 
karyotype results, 24 hours after cordocentesis the 
patient had an acute drop in fetal heart rate to 60 
beats/minuteand underwent emergency cesarean sec- 
tion. The newborn weighed 1120 gm with Apgar scores 
of l and 2 at 1 and 5 minutes, had respiratory distress, 
and was discharged to a level I center on day 39 of life. 
A representative monitor tracing and all results are 
presented in Fig. 2. 


Case 3 

T. A., a 22-year-old obese woman, was first seen at 29 
weeks’ gestation by ultrasonography with severe oli- 
gohydramnios detected 2 weeks before transfer. Van- 
derbilt University Medical Genter ultrasonography re- 
vealed biometry consistent with 27 weeks’ gestation, 
and there were no obvious anomalies. However, ex- 
amination was limited as a result of the patient’s obesity 
and oligohydramnios. Both kidneys and a small fluid- 
filled bladder were visualized. Feta] heart rate tracing 
revealed flat baseline with 145 beats/min and sponta- 
neous frequent variable and late decelerations. Bio- 
physical profile revealed a score of 0 of 8. The patient 
was counseled with regard to cordocentesis and the 
rationale for obtainment of fetal karyotype and blood 
gases. 
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PRENATAL ABG: pH 7.39, pCO, 49 mmHg, pO, 17 mmHg, base excess -5.8 
POSTNATAL ABG: pH 7.39, pCO, 44 mmHg, pO, 16 mmHg, base excess -13.5 


Fig. 1. Represeritative monitor tracing and fetal blood gas analysis results on fetus with duodenal 
atresia and normal male karyotype. 


CASE 2 
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PRENATAL ABG: pH 7.25, pCO, 48 mmHg, pO, 29.9 mmHg, base excess -6,3 
POSTNATAL ABG: pH 6.79, pCO, 109 mmHg, pO, 24 mmHg, base excess -19.6 


Fig. 2. Representative monitor tracing and fetal blood gas analysis results on fetus with normal 
female karyotype that had bradycardia. 


376 Shah and Boehm 


August 1989 
Am J Obstet Gynecol 





































































RD 30 MEDICAL PRODUCTS 





30 





a HEWLETT-P, 


51951 


MEDICAL PRO 




















#23138 i 
= “fo 
n 
DF 80 
a STA d 
4 





O 





100 — ae 100 
pales |: | : ft om | - 
ij i 80 
“i - 7 ] | woe | 60 
? zi. = 40 
Ead 


i : Pus 
20 aed Ee 
[ BP 











: ROM 
MEF 4 
-rest 20 











0 - 0 


PRENATAL ABG: pH 7.11, pCO, 73.6 mmHg, pO, 8.5 mmHg, base excess -8.1 
POSTNATAL ABG: pH 7.04, pCO, 78 mmHg, pO, 8 mmHg, base excess -9.4 


Fig. 3. Representative monitor tracing and fetal blood gas analysis results on fetus with oligohy- 


dramnios and normal male karyotype. 


She was delivered by immediate cesarean section of 
a 980 gm male with Apgar scores of 3 and 7 at 1 and 
5 minutes, intrauterine growth retardation, and hyaline 
membrane disease. The infant was transferred to a level 
I center on day 57 after birth. A representative monitor 
tracing and all results are presented in Fig. 3. 


Comment 


Electronic fetal heart rate monitoring has been very 
useful in evaluation of fetal status. The clinical situa- 
tions described herein characterize circumstances in 
which the obtainment of fetal blood gas information 
by cordocentesis may assist in management. 

In Case 1, information with regard to normal fetal 
karyotype and blood gases through cordocentesis pro- 
vided reassurance to the patient and assisted in expec- 
tant management. Abnormal postnatal gases in Case 2 
are partially explained by the sustained fetal bradycar- 
dia that resulted in marked carbon dioxide retention. 
Differences between prenatal and postnatal gas anal- 
yses in Case 3 are easily explained because the prenatal 


sample was umbilical venous blood and the postnatal 
sample was umbilical arterial blood. 

Our cases differ from previous reports in that ges- 
tational ages are significantly earlier and therefore the 
need for expectant management is even more critical 
if justified by blood gas information. In addition, each 
case had persistently abnormal fetal heart rate tracings 
that heightened the need for fetal blood gas informa- 
tion. Case 1 illustrates a dilemma in “accurate” inter- 
pretation of fetal heart tracing. Case 2 emphasizes that 
fetal blood gas analysis with cordocentesis sample re- 
flects fetal status at sampling time only. In Case 3 blood 
gas results indicate fetal distress, which precipitates im- 
mediate cesarean section. 
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IN BRIEF: 

TRIPHASIL *—6 brown tablets containing 0.050 mg levonorgestrel with 0.030 mg ethinyi estradiol: 5 white tablets 
containing 0.075 mg levonorgestrel with 0.040 mg ethiny/ estradiol; 10 light-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethiny! estradiol (7 light-green tablets containing inert ingredients are included in the 
28-day regimen) —Triphasic regimen. 

Indications and Usage—TRIPHASIL* is indicated for the prevention of pregnancy in women who elect to use oral 
contraceptives (OC's) as a method of contraception. 

Contraindications.OC's shouid not be used in women with any of the following conditions: 1. Thrombophiebitis 
or thromboembolic disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders 

3. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. §. Known or sus- 
pected estrogen-dependent neoplasia. 6, Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
(see Warning No. 5). 8. Benign or malignant liver tumor which developed during use of OC's or other estrogen- 
containing products. 


Warnings 


Tomen smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
risk increases with age and with heavy smoking (15 or more cigarettes per day} and is quite marked 
i women over 35 years of age. Women who use oral contraceptives should be strongly advised not 













The use of oral contraceptives is associated with increased risk of several serious conditions, including 

thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension 

Practitioners prescribing oral contraceptives should be familiar with the following information relating 10 
lese risks. 









1. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrembotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S 
have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers 
MYOCARDIAL INFARCTION (Mi)--An increased risk of MI associated with the use of OC's has been reportec, 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected. tha‘ the 
Greater the number of underlying risk factors for coronary-artery disease {cigarette smoking, hypertension. ayper- 
Cholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of developing MI, regardless 
of whether the patient was an OC user or not, OC's, however, were found to be a clear additional risk factor, a terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking is considered a major predisposing 
condition to Mi) are about twice as likely to have a fatal Mi as nonusers who do not smoke. OC users who are also 
smokers have about a 5-fold increased risk of fatal Ml compared to users who do not smoke, but about a 10- to 12- 
fold increased risk compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important 
factor. In determining importance of these relative risks, however, baseline rates tor various age groups must be 
given serious consideration, Importance of other predisposing conditions mentioned above in determining relative 
a absolute risks has not as yet been quantified; quite likely the same synergistic action exists, but perhaps to a 

sser extent. 
RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems, British 
investigators concluded that risk of thromboembolism, including coronary thrombosis, is ditectly related to dase 
of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 50-80 mcg, Their analysis did suggest, however, that quantity of estrogen 
may not be the sole factor involved. This finding has been contirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out ir the 
UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually fram 
circulatory diseases tor OC users was estimated to be 20 per 100,000 (ages 15-34—5/100,000: ages 35-44—33/ 
900,000; ages 45-49— 140/100,000). risk being concentrated in older women, in those with long duration of use 
and in cigarette smokers. It was not possible, however, to examine interrelationships of age, smoking, and duration 
at use, nor to compare effects of continuous vs. intermittent use. Although the study showed a 10-fold increase 
n death due to circulatory diseases in users for 5 or more years, all these deaths occurred in women 35 or older. 
Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to 
assess magnitude of relative risk for this younger group. Available data from a variety of sources have been ana 
yzed to estimate risk of death associated with various methods of contraception. Estimates of risk of death for each 
method include combined risk of contraceptive method (e.g., thromboembolic and thrombotic disease in the case ot 
OC's) plus risk attributable to pregnancy or abortion in event of method failure. This latter nsk varies with effective- 
ness of method. The study concluded that mortality associated with all methods of birth control is tow and below 
that associated with childbirth, with the exception of OC's in women over 40 who smoke, Lowest mortality is 
associated with condom or diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease 
associated with OC's increases with age after about 30 and, for MI, is further increased by hypertension, hypercho- 
lesterolemia, obesity, diabetes, or history of pre-eclamptic toxemia, and especially cigarette smoking. Physician and 
patient should be alert to earliest manifestations of thromboembolic and thrombotic disorders {e g.. thrombaphiebi- 
lis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis), Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 6- 
fold increased risk of postsurgery thromboembolic complications has been reported in OC users. Hf feasible. OC's 
should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thromboembolism 
or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Britain involving cerebro- 
vascular disease and another in the U.S. concerning MI Suggest an increased risk of these conditions in users of 
OC's persists after discontinuation of the OC's, in the British study. risk of cerebrovascular disease remained 
elevated in former OC users for at least 6 years after discontinuation. in the U.S. study, increased risk of MI 
persisted for at least 9 years in women 40 to 49 years old who had used OC's tor 5 or more years. Findings in 

th studies require confirmation since they are inconsistent with other published information. 
2. Ocular Lesions- There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis 
associated with use of OC's. Discontinue OC's if there is unexplained. sudden or gradual, partial or complete loss of 
vision, onset of proptosis or diplopia: papilledema: or retinal-vascular lesions. and institute appropriate diagnostic 
and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of Carcinoma of the breast, cervix, vagina. and liver. Certain synthetic progestagens, none 
Currently contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, ir 
dogs. In humans, 3-case-control studies have reported an increased risk of endometrial carcinoma associated with 
prolonged use of exogenous estrogen in postmenopausal women. One publication reported on the first 21 cases 
submitted by physicians to a registry of cases of adenocarcinoma of the endometrium in women under 40 on OC's 
Of cases found in women without predisposing risk factors (e.g. . irregular bleeding at the time OC's were first giver. 
polycystic ovaries), nearly ail occurred in women who had used a sequential OC. These are no longer marketed. No 
evidence has been reported suggesting increased risk of endometrial cancer in users of conventional combination or 
progastogen-only OC's. Several studies have found no increase in breast cancer in women taking OC's or estrogens 
One study, however, while also noting no overall increased risk of breast cancer in women on OC's, found an excess 
risk in Subgroups of OC users with documented benign breast disease. Reduced occurrence of benign breast tumors 
n users of OC's has been well documented. in summary, there is at present no confirmed evidence from human 
studies of increased risk of cancer associated with OC's. Close clinical surveillance of ali women on OC's is. never- 
theless, essential. In ali cases of undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate 
Jiagnostic measures should be taken to rule out malignancy, Women with a strong family history of breast cancer or 
with breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with particular care if they 
alect to use OC's. 
$. Hepatic Tumors--Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although 
denign, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been 
‘eported in short-term as well as long-term users. Two studies relate risk with duration of use of OC's, the risk 
ing much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be considered in women 
deserting abdominal pain and tenderness. abdominal mass or shock. A few cases of hepatocellular carcinoma 
lave been reported in women on OC's. Relationship of these drugs to this type of malignancy is not known. 
3. Use in or immediately Preceding Pregnancy, Birth Detects in Offspring, and Malignancy in Female Offspring—- 
ise of female sex hormones—both estrogenic and progestational agents-~during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen. 
tave increased risk of developing in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 
tas been estimated to be of the order of 1 in 1,000 exposures or less. Although there is no evidence now that OC's 
urther enhance risk of developing this type of malignancy, such patients should be monitored with particular care if 
hey elect to use OC's. Furthermore, 30 to 90% of such exposed women have been found to have epithelial changes 
vf the vagina and cervix. Although these changes are histologically benign, itis not known whether this condition is 
| precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract. 
Mithough similar data are not avaiabie with use of other estrogens, it cannot be presumed they would not induce 
similar changes. An increased risk of congenital anomalies, including heart defects and limb defects, has been 
eported with use of sex hormones, including OC's, in pregnancy. One case-contro! study estimated a 4.7-foid 
Acrease in risk of timb-reduction detects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal 
ests for pregnancy, of attempted treatment for threatened abortion). Some exposures involved only a few days. 
Jata suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1.000 live births. In 
he past. female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications, and there is no evidence 
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from well-controlled studies that progestogens are effective. There is some evidence that triplowdy.and possibly other 
types of polyploidy are increased among abortuses from women who become pregnant soon after ceasing OC's. 
mbryos with these anomalies are virtually always aborted spontaneously. Whether there is an overall increase in 
spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown. it is recommended that, for 
any patient who has missed 2 consecutive periods, pregnancy should be ruled out before continuing OC's. if the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of first 
missed period, and further use of OC's shouid be withheld until pregnancy has been ruled out. If pregnancy is 
confirmed, the patient should be apprised of the potential risks to the fetus, and advisability of continuation of the 
pregnancy shouid be discussed. It is also recommended that women who discontinue OC's with intent of becoming 
pregnant use an alternate form of contraception for a period of time before attempting to conceive. Many clinicians 
fecommend 3 months, although no precise information is available on which to base this. The administration of 
Drogestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users of OC's 
and estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ use. In one of 
the other studies, increased risk was apparent between 6 and 12 months’ use 
7, Carbohydrate and Lipid Metabolic Effects—-Decrease in glucose tolerance has been observed in a significant 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed while 
on OC's. increases in triglycerides and total phospholipids have been observed in patients on OC's. Three studies 
were performed with Triphasil and nc significant alterations in lipid metabolism were noted except for a slight 
increase in triglyceride levels in 1 study. Clinical significance of these findings remains to be defined 
8. Elevated Blood Pressure— increase in blood pressure has been reported in patients on OC's. In some women, 
hypertension may occur within a tew months of beginning OC's. In the 1st year of use. prevalence of women with 
hypertension is low in users and may be no higher than that of a comparable group of nonusers. Prevalence in users 
increases, however. with longer exposure, and in the 5th year of use 15 214 to 3 times the reported prevalence in the 
Ist year. Age is also strongly correlated with development of hypertension in OC users. Women who previously have 
had hypertension during pregnancy may be more likely to develop elevation of blood pressure on OC's. Hyperten- 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the drug 
9. Headache—-Onset or exacerbation of migraine or development of headache of a new pattern which is recurrent. 
persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding Irreguiarities—Breakthrough bleeding, spotting. and amenorrhea are frequent reasons for patients 
discontinuing OC's. In breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunctional causes 
should be borne in mind. In undiagnosed persistent or recurrent abnormal bleeding trom the vagina, adequate 
diagnostic measures are indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or 
Change to another OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially 
usetul in minimizing menstrual irregularity, should be done only it necessary, since this may increase risk of 
thromboembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuing 
OC's. Women with these preexisting problems should be advised of this possibility and encouraged to use other 
methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities 
11, Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures 
12. Breast-teeding—-OC’'s given in the postpartum period may interfere with lactation and decrease quantity and 
quality of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the milk of 
mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer OC's unti infant 
has been weaned 
Precautions—- GENERAL --1. A complete medical and family history should be taken prior to initiation ot OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. As a general rule OC's should not be 
prescribed for longer than t year without another physical examination and Pap smear. 
2. Under influence of estragen-progestogen preparations, preexisting uterine leiomyomata may increase in size. 
3. Patients with history of psychic depression should be carefully observed and the drug discontinued if depression 
recurs to a Serious degree. Patients becoming significantly depressed while on OC's should stop OC's and use an 
alternate method to try to determine whether the symptom is drug-related. 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with careful 
Monitoring, in patients with conditions which might be aggravated by fluid retention, such as convulsive disorders, 
migraine syndrome, asthma, or cardiac or renal insufficiency. 
5, Patients with a past history of jaundice uring pregnancy have an increased risk of recurrence while on OC's. If 
jaundice develops, OC's should be discontinued. 
6 Peay hormones may be poorly metabolized in patients with impaired liver function and should be administered 
with caution. 
7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine 
deficiency. Clinical significance is undetermined. 
8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development of 
folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that if a woman 
becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate deficiency and 
complications attributed to this deficiency. 
9. The pathologist should be advised of OC therapy when relevant specimens are submitted 
10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OC's. 
a. increased sulfobramophthalein retention. g 
b. increased prothrombin and factors VII, VI IX, and X; decreased antithrombin 3: increased norepinephrine- 
induced platelet aggregability. 
c. Increased thyraid-binding globulin (TBG) leading to increased circulating total-thyroid hormone, as measured by 
protein-bound iodine (PBI). T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased. reflecting 
the elevated TBG: free T4 concentration is unaltered 
d. Decreased pregnanedrol excretion. 
e. Reduced response to metyrapone test. 
(ntormation for the Patient-—See Patient Package Labeling 
Drug tnteractions— Reduced efficacy and increased incidence of breakthrough bieeding have been associated with 
concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin and tetracycline. 
Carcinogenesis -See Warnings section for information on carcinogenesis 
Pregnancy—Category X. See Contraindications, Warnings 
Nursing Mothers—See Warnings. 
Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see 
Warnings): thrombophlebitis, pulmonary embolism. coronary thrombosis. cerebral thrombosis, cerebral hemor- 
rhage. hypertension, gaanar disease, benign bears congenital anomalies. There is evidence of an asso- 
ciation between the following conditions and use of OC's although additional confirmatory studies are needed: 
mesenteric thrombosis, neuro-ocular lesions, e.g.. retinal thrombosis and optic neuritis 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nausea 
and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients 
during the first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally. Gastro- 
intestinal symptoms (such as abdominal cramps and bloating); arenu bieeding, spotting, change in menstrual 
flow, dysmenorrhea, amenorrhea during and after treatment, temporary infertility after discontinuance of treatment: 
edema; chioasma or melasma which may persist: breast changes: tenderness, enlargement, and secretion: change in 
weight (increase or decrease): change in cervical erosion and cervical secretion; possible diminution in lactation when 
given immediately postpartum: cholestatic jaundice. migraine: increase in size of uterine leiomyomata; rash (allergic): 
mental depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and the association 
has been neither confirmed nor refuted: premenstrual-tike syndrome, cataracts, changes in libido, chorea, changes in 
appetite, cystitis-like syndrome, headache. nervousness. dizziness. hirsutism, loss of scalp hair, erythema multiforme 
erythema nodosum, hemorrhagic eruption. vaginitis. porphyria, hemolytic uremic syndrome 
Acute Overdose—-Serious ill effects have not been reported following acute ingestion of large doses of OC's by 
young children. Overdosage may cause nausea, and withdrawal bleeding may occur in femates. 
and Administration—For maximum contraceptive effectiveness, Triphasil must be taken exactly as directed 
and at intervals not over 24 hours. {lf Triphasil is tirst taken later than first day of first menstrual cycle of medication 
or postpartum, contraceptive reliance should not be placed on it until after the first 7 consecutive days of use. 
Possibility of ovulation and conception prior to initiation of medication should be considered.) 
Any time patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another contraceptive 
method unti she has taken a tablet daily tor 7 consecutive days. 
For full details on dosage and administration see prescribing information in package insert 
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KAISER PERMANENTE 


OBSTETRICIAN-GYNECOLOGIST: BC/BE 
physician wanted full time or part time for 
satellite medical office practice in Gilroy, 
California, as part of The Permanente Medical 
Group, Inc., of San Jose, California. Excellent 
general Ob/Gyn outpatient skills required plus 
willingness to work with experienced Family 
Practice Physicians and Ob/Gyn nurse prac- 
titioners. Hospital call optional. Gilroy is lo- 
cated twenty minutes south of San Jose and 
shares excellent access to the Bay Area re- 
creational activities. Salary is competitive and 
benefits include full coverage malpractice in- 
surance. 

Contact: 

Jerome L. Nehemiah, M.D. 

Chief 

Department of OB/GYN 

The Permanente Medical Group, Inc. 

260 International Circle 

San Jose, CA 95119 


Or call: 408-972-6210 or 408-972-6113 


MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level II] Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 
include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, Mi 48236 










































PERINATOLOGIST 
Denver, Colorado 


Rose Medical Center, Denver, Colorado is seeking 
a second BE/BC perinatologist to work full-time in 
a 400-bed private community hospital adjacent to 
the University of Colorado Health Sciences Center. 
With 3,600 deliveries per year, and 27 University 
Residents rotating through the department annu- 
ally, Rose is the major private teaching affiliate of 
the University. 
Responsibilities include private consultation, phy- 
sician, resident, and nursing education, clinical re- 
search, and a limited private practice in perinatol- 
ogy. This individual can expect frequent interaction 
with the Maternal/Fetal Medicine Division at the 
University of Colorado, and will be eligible for an 
appropriate clinical appointment at the University. 
All clinical responsibilities will be shared with the 
current full-time perinatologist at Rose. 
A competitive salary guarantee is being offered, 
with excellent fringe benefits including malpractice 
insurance. 
Qualified applicants, including individuals complet- 
ing fellowship in June, 1989, should forward CV's to: 
Robert E. Wall, M.D., Chairman 
Department of Obstetrics & Gynecology 
Rose Medical Center 
4567 East Ninth Avenue 
Denver, Colorado 80220 
Telephone: (303) 320-2077 








FELLOWSHIP 
MATERNAL-FETAL MEDICINE 
JULY, 1990 


The Division of Maternal-Fetal Medicine, Depart- 
ment of Obstetrics and Gynecology, MacDonald: 
Hospital for Women, University Hospitals of Cleve- 
land, and Case Western Reserve University, has 
an opening at the instructor level beginning July 
1, 1990. Applicants should desire a career in 
academic medicine and must be Board certified/ 


eligible by the American Board of Obstetrics and 


Gynecology. 


Fellows will be involved in teaching medical stu- 


dents and house officers. The fellowship program 
emphasizes clinical and basic research in clinical 


perinatology with a particular interest in ultrasound, | 


Doppler and perinatal diagnosis. The individual will 

also be responsible for some general duties in 

obstetrics and gynecology. 

Applicants should send a curriculum vitae to: 
J.C. Veille, M.D. 

Director, Division of Maternal-Fetal Medicine 
MacDonald Hospital for Women, University 
Hospitals of Cleveland 
2074 Abington Road 
Cleveland, OH 44106 
216/844-3338 


The University is an equal opportunity/affirmative 
action employer. 





DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
MEDICAL COLLEGE OF GEORGIA 

** FACULTY TENURE TRACK POSITIONS IN AN EXPANDING DEPARTMENT ** 
(1) Maternal-Fetal Medicine position — (1) Gynecologic Oncology Position — and 
(2) General Obstetrics and Gynecology positions. 
— Duties: patient care — teaching — research. 
— Qualifications: Board pending or certified in Obstetrics and Gynecology and 

applicable sub-specialty. 

— Rank and Salary: Open based on experience. 
The Obstetrics and Gynecology Department at the Medical College of Georgia 
provides support and opportunity for academic advancement and professional 


growth. Located in Augusta, Georgia a progressive community offering a pleasant 
climate with an environment for quality family living. Area population 375,000. 


Address inquiries with Curriculum vitae to: Donald M. Sherline, MD, Chairman, 
Department of Obstetrics and Gynecology, CK170, Medical College of Georgia, 


August, Ga. 30912. 


Equal Opportunity/Affirmative Action Employer 
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Viable DNA are looking 








Recent studies'’ have shown The new POINT ONE™ PT 1000 With 0.12 micron particles, a 
that certain types of virulent DNA Smoke Evacuation Filter System ~~ superior 99.9995% effi- 
have been detected intact in the from Stackhouse™ i se ciency is achieved. 
plume from CO-2 lasers. PT 1000 provides you with an A super ULPA filter, 

In other words, there are unsurpassed final stage filtration combined with a 
numerous cavities and areas to 0.01 micron at 99.998% effi- unique and highly 
where DNA can enter your body. ciency. Penetration is limited to advanced air flow 

Now there's a safe and effective 002%. à design, help make 
way to draw off the plume better 0.01 micron filtration provides a safer it possible. 
than ever before: environment for both the patient and 


the entire clinical staff. 


BaySbores 
MedicalGroup 


Bay Shores Medical Group offers 
outstanding opportunities for board 
eligible/certified physicians to join 
rapidly expanding 80-physician multi- 
specialty group practice. Southern 
California community, close to ocean, 
easy access to city and recreational 
areas, excellent schools. 


Please direct any inquiries and CV to: 
Bradford B.Burnett, M.D. 


Medical Director 


Bay Shores Medical Group, Inc. 


(213) 543-7247 


502 Torrance Boulevard 
Redondo Beach, CA 90277 


rafew good openings. 


ones, call or write: Stackhouse 
Associates, Inc., 150 Sierra Street, 


Yet the PT 1000 makes less 
sound than most OR equipment. 
That's because a quiet tangential 
motor/blower unit is housed in a 
special sound suppression section. 

And for added mobility and 
utility, just add the optional dolly 
with drawer to hold extra filters 
and accessories. 


Most importantly, more than 
6,000 Stackhouse units are 
presently in use worldwide— 
making it the system of choice 
among clinicians. 

For more information about the 
system that filters out the little 
problems before they become big 


STACKHOUSE 


The Risks Are Too High To Settle For Less.” 





El Segundo, California 90245. 
Telephone: (213) 322-6676 
FAX: (213) 414-0153 Telex: 3719991 


1Garden, J. et al (1988) Papillomavirus in the Vapor of Carbon 
Dioxide Laser —Treated Verrucae. JAMA, 259: 1199-1202. 
2Walker, N. et al (1986) Possible Hazards from Irradiation with the 
Carbon Dioxide Laser. Lasers in Surgery and Medicine 6: 84-86. 
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Presence of autoantibodies in women with 


unexplained infertility 


Pamela V. Taylor, PhD, James M. Campbell, MRCOG, and James S. Scott, MD 


Leeds, a ld 


Serum samples from 41 patients suffering from niena infertility and 351 normal pregnant 

women were assayed for a range of autoantibodies by means of immunofluorescence, 
counterimmunoelectrophoresis, double immunodiffusion, Western blots, and enzyme-linked immunosorbent 
assays. The prevalence of autoantibodies to smooth muscle, phospholipid, and nuclear antigens, the latter 
when detected by immunofluorescence, was elevated in women with infertility compared with normal 
pregnant women (p < 0.001, <0.001, and <0.05, respectively). Antiviral antibodies were not detected. 

The reason for the high level of autoreactivity in infertile women is unclear, but smooth muscle and 
antiphospholipid antibodies may actively interfere with the reproductive process. (Am J OBSTET GYNECOL 


1989;161:377-9.) 


Key words: Autoantibodies, phospholipid antibody, infertility 


The incidence of infertile couples in the general pop- 
ulation has been estimated at 10% to 15%. In a con- 
siderable proportion of these couples, no explanation 
is discovered for the condition’ using standard tech- 


niques of investigation. In recent years various types of 


reproductive failure have come to be considered as hav- 
ing an immune component: Immunologic effects are 
important at many levels in the reproductive process, 
including fertilization, implantation, and the develop- 
ment of the placenta.' A spectrum of antibodies may 
be present in women during their reproductive lives 
either related to underlying immune disorders or as a 
response to paternally-derived fetal antigens. Possible 
effects on potential development of the embryo range 
from prevention of fertilization,’ an immunoregulatory 
function in maintenance of the fetoplacental unit,’ or 
deleterious fetal and neonatal effects caused by trans- 
port of maternal IgG across the placenta.‘ Antiphos- 
pholipid antibodies’ and antibodies to ribonucleopro- 
tein antigens® have been particularly inculpated in fetal 
loss, and there is preliminary evidence that autoanti- 
body profiles can be correlated with some types of 
reproductive failure.” We have tested women suffer- 
ing from unexplained infertility for a range of auto- 
antibodies to assess the pathogenic role in this dis- 
order. 


From the Department of Odstetrics and Gynaecology, University of 
Leeds, 

Supported by a grant from Birthright. 

Received for publication October 2, 1988; revised F. ebruary 1, 1989; 
accepted February 17, 1989. 

Reprint requests: P. V. Taylor, MD, Department of Obstetrics, 
D Floor, Clarendon Wing, Belmont Grove, Leeds LS2 9NS, 
England. 


Patients 

Serum samples were obtained from 41 infertile pa- 
tients (26 with primary and 15 with secondary infer- 
tility) and $51 normal pregnant women, mostly in the 
first trimester. The infertile group was investigated by 
laparoscopy, which revealed bilateral tubal patency and 
no intrapelvic bar to pregnancy. Ovulation had been 
confirmed by luteal phase curettage, yielding secretory 
endometrium, biphasic basal body temperature charts, 
loss of ferning in the cervical mucus, and luteal phase 
progesterone levels, and no abnormality had been dem- 
onstrated on seminal analysis or postcoital tests. 


Methods a 

Serum samples were stored at — 70° © and antibodies 
to nuclear antigens and soluble ribonucleoproteins 
were assayed by immunofluorescence, counterimmu- 
noelectrophoresis, double immunodiffusion, and West- 
ern blots as previously described.* Antiphospholipid 
antibodies were detected by prolongation of the acti- 
vated partial thromboplastin time and enzyme-linked 
immunoassay’ with bovine heart cardiolipin (Sigma 
Chemical Co., St. Louis, Mo.) as the antigen. Results 
were considered positive in the latter when they were 
greater than four times the standard deviation of a 
mean of 100 pooled control sera. This control pool and 
a positive serum were included in every microtiter 
plate. 

Smooth muscle IgG, IgM, and IgA antibodies were 
detected by means of indirect immunofluorescence on 
rodent substrates." Sera from 11 infertile patients were 
tested for antibodies to cytomegalovirus and herpes 
virus and toxoplasma. Results were analyzed by the x? 
tests with Yates’ correction. 
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Table I. Autoantibodies to smooth muscle and nuclear and phospholipid antigens in infertile women and 
normal pregnant women 












Smooth muscle antibody 


Antinuclear antibody 
No. positive (%) 


No. positive (%) 






Antiphospholipid antibody 
No. positive (%) 


infertile women (n = 41) 
Normal pregnant women (n = 351) 


20* (49) 4 (10) 
58t (17) 11 (3) 


7% (17) 
5 (6) (of 80 tested) 





*All IgG; five also IgM. 
TAll IgG; 12 also IgM. 
All IgG. 


Table II. Values for the activated partial thromboplastin times in 41 infertile women 





Patient's time/ control time (seconds) 


33/31* 33/33* 31/29 35/30 30/27 26/29 37/34 

30/31* 30/32 28/27 31/30 30/27 26/27 24/27 

31/30* 32/32 30/30 29/32 29/30 31/27 30/32 

36/33* 24/27 31/31 30/30 35/32 31/28 ` 36/34 

ee oe oe 33/27 ~ 28/30 32/32 35/28 
9/31 1/30 32/31 31/29 31/31 








*Positive for IgG anticardiolipin antibody. 


Results 


Serologic findings with respect to smooth muscle an- 
tibody, antinuclear antibodies detected by immunoflu- 
orescence, and antiphospholipid antibodies are shown 
in Table I. The prevalence of these antibodies was el- 
evated in women with infertility compared with normal 
pregnant women (p < 0.001, <0.05, and <0.001 for 
smooth muscle, and nuclear and phospholipid anti- 
bodies, respectively). Four of the 20 infertile women 
and eight of the 58 normal women who were positive 
for smooth muscle antibody had titers of one in 40, 
whereas the remainder were positive at one in 10. The 
seven infertile patients with IgG antiphospholipid an- 
tibody had values of 5, 8, 13, 8, 15, 7, and 7 times the 
standard deviation of the normal mean, respectively, 
for the enzyme-linked immunoassay. These values for 
the five normal pregnant women with IgG antiphos- 
pholipid antibody were 4, 7, 8, 9, and 12, respectively. 
None of the infertile patients had antibodies to ribo- 
nucleoprotein antigens, and none had prolongation of 
the activated partial thromboplastin time (Table II). No 
antiviral antibodies were detected; one patient had a 
positive titer for IgG but not IgM antibody to toxo- 
plasma. 


Comment 

The elevated prevalences of these non-organ-specific 
antibodies in infertile women suggest a high level of 
autoreactivity in this group. Depression of immune 
reactivity in the control group is unlikely, since preg- 
nancy per se seems to have no effect on the induction 
or suppression of antinuclear or smooth muscle 
antibodies!' or antibodies to ribonucleoproteins.* The 


reported incidence of smooth muscle antibody in the 


normal population is in the range of 2% to 20%. Our 


findings of a 17% incidence associated with normal ges- 
tation agrees with those of Pietarinen et al.'? When 
present in high titers, smooth muscle antibody is com- 
monly associated with chronic active hepatitis. In low 
titers it is present in association with other hepatic dis- 
orders, malignancies, drug addiction, and viral infec- 
tions, particularly infectious mononucleosis and cyto- 
megalovirus. An increased prevalence of smooth mus- 
cle antibody has been reported in threatened and 
spontaneous abortion’? and infertility.° The latter 
study included patients with various causes for their 
disorder, particularly anovulation. Persistent viral in- 
fection was suggested as a cause of both autoantibody 
production and infertility. We found no evidence for 
viral infection in the small number tested. 

Prevalences of IgG antiphospholipid autoantibodies 
in an apparently healthy population have been re- 
ported between 1.25% and 2.25%, depending on the 
particular phospholipid antigen involved.'* The pres- 
ence of IgG antiphospholipid antibody has been cor- 
related with both thrombosis and fetal death,” some- 
times in the clinical setting of systemic lupus erythe- 
matosus but often in patients with no other 
abnormality. This has been designated the antiphos- 
pholipid syndrome, and our findings suggest that unex- 
plained infertility in some patients may be associated 
with this syndrome. Women with unexplained infertil- 
ity have a very similiar range and prevalence of au- 
toantibody production to women suffering from spon- 
taneous recurrent abortion.” 

The stimulus to production of these autoantibodies 
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and whether they directly affect the reproductive pro- 
cess remain unclear. Smooth muscle antibody may re- 
duce fertility by altering fallopian tubal function. The 
possibility that curettage performed as part of the in- 
fertility investigations is an etiologic factor in the pro- 
duction of the autoantibody requires assessment. The 
association between antiphospholipid antibodies and 
fetal loss seems to be a consequence of widespread ab- 
normality of the uteroplacental vasculature with in- 
creased platelet aggregation, reduced blood flow, and 
placental infarction.'’® The mechanism of this is unclear, 
but the antibodies may bind to phospholipids in en- 
dothelial cell membranes and decrease prostacyclin 
production by blocking arachidonic acid release.” Such 
a mechanism could interefere with normal fertilization. 
Alternatively, if the effect is caused by the interaction 
at the placental site, identification of these autoanti- 
bodies in some infertile women suggests that there may 
be a group of such patients who suffer from undetected 
fetal loss rather than prevention of fertilization. 


We thank Brenda Frater, Sandra Jackson, Alison 
Norman, and Geoffrey Tate for laboratory assistance. 
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Successful twin pregnancy after embryo donation to a patient 


with XY gonadal dysgenesis 


Mark V. Sauer, MD, Rogerio A. Lobo, MD, and Richard J. Paulson, MD 


Los Angeles, California 


A twin pregnancy was established in a patient with XY gonadal dysgenesis. The pregnancy was supported 
with exogenously administered hormones for the initial 100 days. The infants were delivered by emergency 
cesarean section at 35 weeks’ gestation when severe preeclampsia developed in the mother. (Am J 


OssTET GYNECOL 19893161 :380-1.) 


Key words: Gonadal dysgenesis, donor embryo transfer 


Successful pregnancies in functionally agonadal 
women who received donated embryos have been re- 
ported.’ Whereas most women who received donated 
oocytes have premature ovarian failure and normal 
karyotypes, one case of a singleton pregnancy in an XY 
gonadal dysgenesis patient has been reported.? We re- 
port the first twin gestation in a patient with XY gonadal 
dysgenesis. This case further confirms the ability of 
some patients with XY genotypes to carry a pregnancy 
when provided donated embryos. 


Case report 

A 28-year-old gravida 0 woman was diagnosed a3 
having XY gonadal dysgenesis at the age of 17 years 
when she was first seen with primary amenorrhea. Hor- 
monal evaluation revealed hypergonadotropic hypo- 
gonadism, and the peripheral blood karyotype was 
46,XY. Gonadectomy was performed and hormonal re- 
placement therapy was instituted. 

The patient desired a child and came to us at the 
University of Southern California In Vitro Fertilization 
Program for embryo donation. She was started on hor- 
monal replacement that consisted of oral micronized 
estradiol and intramuscular progesterone as previously 
described’ to simulate a normal menstrual cycle. An 
endometrial biopsy specimen obtained on day 26 of 
the simulated cycle was in phase. A nonanonymous 
donor volunteered’ to undergo ovarian stimulation 
with human menopausal gonadotropin and human 
chorionic gonadotropin that preceded transvaginal 
ultrasonography-directed oocyte aspiration. Seven o0- 
cytes were obtained, and after incubation with the 
sperm of the recipient’s husband, four oocytes fertilized 
and cleaved. Four 4-cell embryos were then transferred 
to the recipient’s uterus by the transcervical route with 
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a standard, 3F embryo transfer catheter on simulated 
cycle day 18. 

Nine days after transfer the patient’s serum B-human 
chorionic gonadotropin was 16 mIU/ml. Vaginal ul- 
trasonography subsequently demonstrated a twin preg- 
nancy. The patient was maintained on exogenous hor- 
mone replacement for the first 100 days’ gestation at 
which time serum progesterone levels were confirmed 
to be in the normal range and medications were dis- 
continued, At 35 weeks’ gestation pregnancy-induced 
hypertension worsened and required delivery by emer- 
gency cesarean section. A 2955 gm male and 1477 gm 
female were delivered. Both infants had Apgar scores 
of 7 at 1 minute and 7 at 5 minutes. Discordant growth 
was attributed to placental insufficiency in the female. 
The infants did well and respiratory support was not 
required. The patient recovered uneventfully. 


Comment 


Advances in reproductive medicine have made preg- 
nancy attainable in many patients previously consid- 
ered infertile. Women with gonadal dysgenesis may 
achieve pregnancy by receiving embryos that developed 
from donated oocytes, In these and other agonadal 
patients, the endometrial lining responds normally to 
exogenous hormone replacement and becomes indis- 
tinguishable by biopsy specimen from that of women 
who ovulate spontaneously. This endometrium is thus 
receptive to embryo implantation. As illustrated by this 
case and those reported by others,” if implantation 
occurs pregnancy progresses uneventfully and is self- 
sufficient after an initial period of hormonal support. 

Although optimism for patients with XY gonadal 
dysgenesis exists, not all women with an XY genotype 
have this prognosis. Others may have ambiguous gen- 
italia or functional gonadal tissue and preclude preg- 
nancy because production of mullerian inhibiting fac- 
tor in utero induces the regression of female repro- 
ductive organs. Therefore, before embryo donation, 


. documentation of a normal uterus on hysterosalpin- 


gography is required of all potential recipients. Finally, 
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an endometrial biopsy specimen is obtained to ensure 
a normal response to hormonal replacement. 
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Ovarian hyperstimulation presenting as acute hydrothorax after 


in vitro fertilization 


Charles R. Kingsland, MB, ChB," John V. Collins, MD,’ Botros Rizk, MB, ChB, and 


Bridgett A. Mason, MB, BS* 
London, England 


Ovarian hyperstimulation that occurs with an isolated hydrothorax as the only symptom has previously 
been reported. We describe the second such case, the first to occur after in vitro fertilization and embryo 


transfer. (AM J Osstet GYNECOL 1989;161:381-2.) 


Key words: Ovarian hyperstimulation, isolated acute hydrothorax 


Jewelewicz and Vande Wiele' first described a patient 
who had acute hydrothorax as the only symptom of 
ovarian hyperstimulation. In this article we report a 
similar case of acute hydrothorax that occurred after 
in vitro fertilization. 


Case report 


A 35-year-old woman was referred to the Bourn- 
Hallam Medical Centre for consideration of in vitro 
fertilization because of a 3-year history of primary 
unexplained subfertility. She had a history of recurrent 
chest infections but was otherwise in good health. Se- 
rum follicle-stimulating hormone concentration was 2.5 
IU/L (normal range, 2.5 to 12, follicle stimulating hor- 
mone assay, AMERLEX, Amersham, England with 
standard second international reference preparation, 
78/549) and the luteinizing hormone level was 5.3 


IU/L (normal range, 5 to 20, luteinizing hormone as- ` 


say, AMERLEX, Amersham, England, using standard 
first international reference preparation, 68/40) when 
taken on day 2 of the patient's cycle. 

Ovarian stimulation was given in the form of clo- 
miphene citrate (Serophene, Serono, Welwyn, En- 
gland), 100 mg orally from day 2 to 6 of the menstrual 
cycle and human menopausal gonadotropin (Pergonal, 
Serono), 225 IU/L intramuscularly daily from the 
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fourth to the ninth day of the cycle. Total urinary es- 
trogen level rose toa maximum of 1221 nmol/24 hours. 
Five thousand international units of human chorionic 
gonadotropin (hCG, Profasi, Serono) was given intra- 
muscularly on the tenth day of her cycle; 35 hours later 
ultrasonically directed oocyte recovery was performed. 

Seven oocytes were retrieved. All seven were fertil- 
ized, and three were transferred via the transcervical 
route 72 hours after oocyte retrieval. Four embryos 
were frozen. 

Seventy-two hours after embryo replacement, the pa- 
tient complained of crampy abdominal pain. On ex- 
amination, the abdomen was soft and nontender, with 
no evidence of ascites. An ultrasonogram showed both 
ovaries to be enlarged to a diameter of 5 cm. There was 
no evidence of free fluid. The abdominal discomfort 
resolved over the next 24 hours and the patient was 
reassured. 

One week after embryo replacement, the patient was 
admitted to the hospital with an acute onset of dyspnea. 
A large right-sided hydrothorax was diagnosed clini- 
cally and was confirmed by a chest x-ray film. An ul- 
trasonogram of the chest also showed a moderate right 
hydrothorax and a trace of fluid above the left hemi- 
diaphragm. There was no ascites or evidence of pul- 


‘ monary embolus. The hemoglobin value was 14.4 


gm/dl, the white blood cell count was 20.2 x 10/L, and 
the platelets measured 761 x 10/L. Results of blood 
biochemistry and liver function tests were all within 
normal limits. 

A total of 3% L of straw-colored fluid was aspirated 
from the hydrothorax and had a protein count of 43 
gm/L. No evidence of acid-fast bacilli was found in the 
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fluid with Ziehl-Neelsen staining. Cytologic and sub- 
sequent cultures of the fluid sputum and urine were 
negative. Results of fluorescence tests for antinuclear 
factor were also negative. 

On the basis of these investigations, a diagnosis of 
hydrothorax caused by ovarian hyperstimulation was 
made. The patient made an uneventful recovery with 
no further treatment and was discharged 4 days after 
admission. 

The patient returned to the Bourn-Hallam Centre 
two weeks after embryo replacement for review. She 
felt well and on examination had no evidence of re- 
currence of the effusion. A ®-subunit hCG assay was 
performed, and the level was >25 IU/L, indicative of 
pregnancy. She returned home for antenatal care but 
miscarried at 8 weeks’ gestation. 


Comment 


This is the second reported case of ovarian hyver- 
stimulation that presents solely as acute hydrothorax, 
and is the first case to occur after in vitro fertilization. 
The severe form of ovarian hyperstimulation syndrome 
is characterized by gross ovarian enlargement, ascites, 
pleural effusion, and often thromboembolic phenom- 
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ena that are potentially lethal conditions. In this case, 
although there was evidence of hemoconcentration, 
gross ovarian enlargement and ascites were not present 
either clinically or on ultrasonographic examination. 
Other investigations failed to reveal any other possible 
cause for the effusion. 

Severe ovarian hyperstimulation occurs more com- 
monly in patients who conceive after therapy. Some 
workers have quoted an incidence as high as 6%. How- 
ever, with present methods of monitoring gonadotro- 
pin therapy, the incidence is now much lower.* 

The pathogenesis of hyperstimulation is thought to 
be a transudation of fluid through the capillary base- 
ment membranes of the grossly enlarged ovaries. The 
absence of ascites and gross ovarian enlargement in this 
case leaves the mechanism by which the hydrothroax 
developed debatable. 
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Normal amniotic fluid volume changes throughout pregnancy 


Robert A. Brace, PhD, and Edward J. Wolf, MD 
La Jolla, California 


The purpose of this study was to provide a quantitative cha-acterization of the changes in amniotic fluid 
volume that occur throughout gestation. From 705 published amniotic volumes for normal pregnancies, we 
found that after log transformation, amniotic fluid volume had a uniform variability over 8 to 43 weeks’ 
gestation. Thus the 95% confidence interval covered the range of 1/2.57 to 2.57 times the mean volume 
at any given gestational age. Contrary to expected trends, mean amniotic fluid volume did not change 
significantly between 22 and 39 weeks and averaged 777 ml, with the 95% confidence interval ranging 
from 302 to 1997 ml. The data are summarized in nomograms covering 8 to 43 weeks’ gestation. (Am J 


Osstet GYNECOL 1989;161:382-8.) 


Key words: Amniotic fluid volume, gestational age 


It is a well-recognized concept that maintenance of 
amniotic fluid volume within the normal range is im- 
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portant for promoting fetal well-being. This is because 
aberrations in volume either above or below normal are 
associated with an increased incidence of fetal and neo- 
natal morbidity and mortality."? A problem with this 
concept is that “normal” has not been defined; that is, 
although there have been several studies in which am- 
niotic fluid volumes have been measured at various 
stages of gestation,®" there has been neither an ade- 
quate characterization of the normal range of amniotic 
fluid volumes nor an adequate description of the vari- 
ation in normal volumes with gestation. Thus the pur- 
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Fig. 1. Amniotic fluid volumes in human pregnancies with normal fetuses (n = 705). Solid line is 


polynomial regression line (Y = 525.6 ~117.2X + 8.003X? ~0.1237X3, R 


pose of the present study was to provide a quantitative 
characterization of the gestational changes in amniotic 
fluid volume that occur with normal pregnancies. 


Methods 


Paired data on amniotic fluid volume and fetal ges- 
tational age were collected from 12 previously pub- 
lished studies.” In these studies amniotic fluid vol- 
umes were measured either at the time of hysterotomy 
by direct collection,**6% 1 or in continuing pregnan- 
cies by means of indicator dilution techniques.** '° " 
For the present study, data were excluded if fetal anom- 
alies, fetal death, spontaneous abortion, toxemia, or 
maternal or fetal disease were present. Thus data were 
included only if the fetus was considered normal. Fe- 
tuses with oligohydramnios or polyhydramnios were 
included if outcome was good. 

The data were collected either from published abia 
or figures. For the latter, photographic enlargement 
combined with linear measurement of X-Y coordinates 
was used to convert points in the figures into numeric 
values. 

Data analysis. Initially, the data are presented as the 
relationship between volume and age on a linear scale. 
For statistical analyses, amniotic fluid volumes were log 
transformed (base 10) because their variability was 
greater late in gestation than early in gestation and 
because the volumes at any given age were not normally 
distributed largely because of the presence of a few 
high volumes. The data were then analyzed with stan- 
dard polynomial regression techniques. In addition, 


= 0.718, p < 107° 


mean values were computed for each 2-week period 
(i.e., 8 to 9.99, 10 to 11.99, etc., weeks). In the figures 
containing 2-week averages, volumes were plotted at 
the computed mean age rather than at the midpoint; 
for example, 8.2 was the mean for the 8.0 to 9.99 week 
window and 38.6 was the mean for 38 to 39.99 weeks. 
Statistical differences in volumes among age groups 
were tested by means of a one-way analysis of variance 
with Fisher’s least significant difference for multiple 
comparisons." Variability was analyzed for the resid- 
uals calculated from the log of amniotic fluid volume 
minus the log as determined with the best-fit polynom- 
ial regression equation. To avoid biasing as a result of 
the different number of observations at each gesta- 
tional age, the polynomial regression equation was de- 
termined from the means at 2-week intervals. Of 706 
collected values, one volume of zero at 43 weeks was 
excluded from the analysis because it could not be log 
transformed and because there must have been at least 
a little fluid present. 

It should be noted that it was possible to statistically 
define confidence intervals only for log-transformed 
data because volumes were not normally distributed 
about the mean before log transformation. To convert 
these into easily interpreted values, antilogs must be 
taken. When this is done, the confidence interval is no 
longer equal to the mean + a constant but rather 
equals the mean multiplied and divided by a constant. 
For example, if the mean and 95% confidence interval 
were 2 + 0.3 for the log data, the mean volume would 
be 100 ml (antilog of 2), with a confidence interval of 
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Fig. 3. Variability i in amniotic Ruid yolianies as a function ‘of gestational’ age. Data expressed as 
residuals calculated by. subtracting value determined with polynomial regressional equation from 
` individual points. Area’ between, upper and lower dotted lines represents mem confidence interval. 


1/2 x. 100 to? | x 100, or 50 to 200 ml, since the anzilog 
of 0. 3i ig 2. 


„Results j 


A total of 705 amniotic fluid volumes from normil 
fetuses were collected from 8 to 43.2 weeks’ gestation. 


These are shown ona linear scale in Fi ig. 1 as a function 


of Fiori. age, along with the line of best fit as 
determined. by polynomial regression. From the regres- 
sion equation, the peak was 931 ml and occurred at 


: 33:8 weeks. 


.Two major problems occur with the use of polynom- l 


ial regression to describe the changes in amniotic fluid 


volume. First, as seen in Fig. 1, the scatter about the 
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Fig. 4. Statistical analysis of gestational changes in amniotic fluid volume. Data expressed as 
mean + SE for each 2-week interval. * <0.0001 compared with value at 39 weeks’ gestation. 
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Fig. 5. Nomogram shows mean amniotic fluid volumes (dots) as a function of gestational age and 
percentiles. Volumes are plotted on a log scale. Fiftieth percentile line is polynomial regression 
calculated from: biweekly means (log Y = ~ 1.3916 + 0.4176X ~ 0.01622X? + 0.0003144X° — 
0.0000026X', R =' 0.998, F = 811, p < 10°), Shaded area covers 95% confidence interval. 


mean was much greater late in gestation compared with 
early in gestation. Thus the underlying assumption of 
uniform variability has been violated. Second, as readily 
seen in Fig. 1 at 30 to 40 weeks, the scatter above the 
mean (i.e., the regression line) was much greater than 
the scatter below the mean. Thus the assumption of a 
normal distribution was violated. 


In an attempt to overcome these problems, amniotic 
fluid volumes were log transformed and are shown on 
a log scale in Fig. 2. Because it is difficult to visually 
perceive variability about a curved line, Fig. 3 replots 
the data of Fig. 2 after subtracting the regression line. 
An analysis of variance of the data in Fig. 3 found no 
statistically significant changes in the residuals (.e., 
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Fig. 6. Nomogram shows amniotic fluid volumes as a function of gestational age on a linear scale. 
Dots are means for each 2-week interval. Percentiles are calculated from polynomial regression 
equation and SD of residuals. Shaded area covers 95% confidence interval. 


variability) with gestational age. In addition, after log 
transformation, amniotic fluid volumes were normally 
distributed about the mean for any given gestational 
age. 

There are three major benefits of these results. First, 
polynomial regression now provides an adequate char- 
acterization of the changes in amniotic fluid volume 
with advancing gestation. When analyzed with this tech- 
nique, each of the first four regression coefficients were 
statistically significant (p < 0.002). Thus the regression 
equation relating amniotic fluid volume (AFV) to ges- 
tational age (X) was log (AFV) = ~ 1.5595 + 0.4676 
X — 0.02014 X? + 0.0004359 X? — 0.0000039 X‘, with 
R = 0.896, F = 713, and p< 107°. This equation is 
represented by the solid line in Fig. 2. 

The second benefit is that standard statistical meth- 
ods can be used to compare the changes in mean vol- 
umes. As determined with an analysis of variance, the 
changes in amniotic fluid volume (AFV) with gesta- 
tional age (Fig. 4) were highly significant (F = 160, 
p< 10~°). However, there were no statistically signifi- 
cant changes in volume between 22 and 39 weeks’ ges- 
tation; volume averaged 777 ml, and individual means 
ranged from 630 to 817 ml (Fig. 4). 

The third benefit is that the variability of the data in 
Fig. 3 provides an overall estimate of the variability in 
amniotic fluid volume. Thus the standard deviation 
from the data in Fig. 3 can be used to characterize the 
normal range of amniotic fluid volumes throughout the 
range of gestational ages considered. From Fig. 3 the 


SD is 0.2094 so that the 95% confidence interval 
(1.96 X SD) is 0.4105 (log units). This means that 95% 
of all women with a normal fetus have amniotic fluid 
volumes within the range of 1/2.57 to 2.57 times, or 
within 39% to 257% of the mean volume for any ges- 
tational age over 8 to 43 weeks’ gestation (2.57 is the 
antilog of 0.4105). 

Nomograms showing the changes in amniotic fluid 
volume as a function of gestational age are shown in 
Fig. 5. As can be seen, these were calculated by adding 
or subtracting various multiples of the overall SD of 
the residuals to the mean volume calculated from the 
polynomial regression equation (i.e., the fiftieth per- 
centile). The shaded area covers the 95% confidence 
interval (i.e., the 2.5 to 97.5 percentiles). These same 
data are replotted on a linear scale in Fig. 6 to facilitate 
comparisons. 

The mean changes in amniotic fluid volume calcu- 
lated on a weekly basis (from the polynomial regression 
equation) are shown in Fig. 7. At 8 weeks, volume is 
increasing at 10 ml/week. This increases to 25 ml/week 
at 13 weeks and reaches a maximum of 60 ml/week at 
21 weeks’ gestation. The weekly volume increment then 
decreases and reaches zero at 33 weeks’ gestation, that 
is, volume is at maximum at this time. In contrast to 
this pattern, the weekly volume change when expressed 
relative to total volume decreases throughout weeks 8 
to 43 of gestation (dashed line in Fig. 7). Thus mean 
amniotic fluid volume is increasing 45% per week at 8 
weeks, 25% per week at 15 weeks, 10% per week at 24 


Volume 161 , 
Number 2 


(ml or x) 


WEEKLY VOLUME CHANGE 


16 20 


24 


Gestational changes in amniotic fluid volume 387 





WEEKLY VOLUME CHANGE (m1) 


28 32 36 40 44 


“GESTATIONAL AGE (weeks) 


Fig. 7. Weekly changes in mean amniotic fluid volume as calculated from best-fit polynomial regres- 


sion equation. 


weeks, and 0% at 33 weeks. At 40 weeks, volume is 
decreasing an average of 8% per week. 


Comment 


The major significance of this study is that we were 
able to statistically characterize for the first time normal 
amniotic fluid volumes over the last 80% of gestation. 
This also provides a statistical definition of abnormal 
amniotic fluid volumes so that limits can be set for ol- 
igohydramnios and polyhydramnios. For example, as 
seen in Figs. 5 and 6, at 30 weeks’ gestation, the 95% 
confidence interval about the mean (817 ml) covers the 
range of 318 to 2100 ml. Thus with <318 ml of fluid 
oligohydramnios would be present and with more than 
2100 ml polyhydramnios would be present. Each of 
these occur 2.5% of the time. 

Another observation is that after a progressive rise 
from 8 weeks’ gestation, amniotic fluid volume reaches 
its statistical maximum at 22 weeks’ gestation and re- 
mains at this level (630 to 817 ml) through 39 weeks’ 
gestation, declining thereafter. Although Fuchs had 
reported that mean amniotic fluid volume was relatively 
constant during the last trimester, it has been more 
widely accepted that amniotic fluid volume reached a 
peak at 34 weeks’ gestation and declined thereafter.'° 
This difference is largely attributable to the different 
methods of averaging (absolute values versus logs) in 
the studies; that is, a few cases of hydramnios had 
biased the mean value upward at 34 weeks’ gestation. 
In addition, a statistical analysis of the volume changes 


with time was not performed in the previous studies so 
that these two statements are not necessarily inconsis- 
tent with each other. This same contradiction arises in 
the present study in that the analysis of variance re- 
vealed no significant changes in volume between 22 and 
39 weeks (Fig. 4). On the other hand, the mean volume 
as determined from the regression equation reached 
its peak at 33 weeks and declined thereafter, which is 
in agreement with Queenan et al.® In this case, the 
polynomial regression equation most likely provides a 
better estimate of the trends in amniotic fluid volume. 
Thus with a much larger data set, a peak around 33 
weeks’ gestation would be more easily identified. 

A final new observation is that from 8 to 43 weeks’ 
gestation, the variability in amniotic fluid volume 
about the mean is constant when expressed as log“ 
transformed data. Thus 95% of the time amniotic fluid 
volume will be within the range of 1/2.57 to 2.57 times 
the mean volume at any given gestational age. At pres- 
ent we do not know why the variability is constant, but 
it probably relates to the volume regulatory mecha- 
nisms. It also should be noted that this variability is 
quite large. Factors, such as maternal age, gravidity and 
parity, and ethnicity and race, may have contributed to 
the variability, but we were unable to explore these 
factors because they were absent from the original re- 
ports. 

In summary, this study provides a statistical charac- 
terization of the changes in amnictic fluid volume that 
occur in normal human pregnancy. This also provides 
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a definition of oligohydramnios and polyhydramnios 
over 8 to 43 weeks’ gestation. 
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Doppler velocimetry and placental disease 


Luis A. Bracero, MD, Debra Beneck, MD, Nancy Kirshenbaum, MD, 
Marianne Peiffer, RDMS, Patricia Stalter, CDMS, and Harold Schulman, MD 


Valhalla and Mineola, New York 


Quantitative placental examinations were performed on 47 women who had Doppler flow velocity studies 
of the umbilical artery during their pregnancy. The systolic-diastolic ratio of the umbilical artery was used 
as the measurement parameter to divide the study population into two groups. Group 1 consisted of 
women with normal systolic-diastolic ratios (systolic-diastalic < 3), and group 2 consisted of women with 
an elevated systolic-diastolic ratio (systolic-diastolic = 3). The group with an increase in systolic-diastolic 
ratio had more perinatal complications as demonstrated by two stillbirths, a higher incidence of cesarean 
deliveries for fetal distress, and more admissions to the neonatal intensive care unit. Significant differences 
were found when gestational age at delivery, placental weight, birth weight, and the number of small 
muscular arteries in the placenta were compared. Since gestational age may have accounted for the 
difference in placental findings, patients were matched for gestational age. The placental weights were 
comparable, but there were fewer small muscular arteries in those patients with an increase in 
systolic-diastolic ratio (p < 0.001). In addition, when these findings were examined to determine the 
influence of diminished uterine flow velocity, none was found. (AM J OssteT GYNECOL 1989;161:388-93.) 
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Umbilical artery velocity waveform analysis has been 
proposed as a new placental function test. It has been 
reported that an umbilical artery systolic-diastolic ratio 
of <3 during the third trimester implies normal pla- 
cental function, whereas a systolic-diastolic ratio = than 
3 implies a strong probability of abnormal outcome.' 
These outcomes include small-for-gestational age fe- 
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tuses, poorly controlled diabetes, discordant twins, low 
Apgar scores, trisomy 13 and 18, cesarean section for 
fetal distress, and more admissions to the neonatal in- 
tensive care unit.”> Previous studies have suggested a 
correlation between umbilical artery velocity wave- 
forms and placental morphology.®’ The purpose of this 
study was to confirm and expand these observations 
to understand better the significance of an elevated 
systolic-diastolic ratio. 


Material and methods 


Forty-seven women who had Doppler flow velocity 
studies of the umbilical artery during pregnancy had 
quantitative placental examinations. There were var- 
ious indications for performing umbilical artery Dopp- 
ler flow velocity studies (Table I). A continuous-wave 
Doppler ultrasound scan with a 4 MHz transducer, a 
power density of 6.5 mW/cM®, and a spectrum analyzer 
were used to identify and measure velocity waveforms. 
When the umbilical artery signal is obtained, it is freeze- 
framed and a systolic peak-to-diastolic trough ratio is 
calculated. Four separate fields of waveforms are mea- 
sured, and an average systolic-diastolic ratio is calcu- 
lated for each examination. In addition, we studied the 
velocity waveform of the uterine artery to determine if 
maternal circulation influences placental findings. This 
is done by placing the ultrasound transducer on the 
abdomen on the right and left paracervical areas. The 
uterine artery has a distinct contour that allows it to be 
easily differentiated from the other pelvic vessels. A 
systolic-to-diastolic ratio was obtained for each uterine 
artery, and these measurements were then averaged. 
One set of measurements was obtained at each exam- 
ination. A uterine artery systolic-diastolic ratio >2.6 
after 26 weeks is considered abnormal.’ The systolic- 
diastolic ratio of the umbilical and uterine arteries ob- 
tained during the last examination before delivery was 
used for statistical analysis. 

The study population was divided into two groups. 
Group 1 was made up of 29 women with normal um- 
bilical artery systolic-diastolic ratios (systolic-diastolic < 
3). Group 2 consisted of 18 women with an elevated 
umbilical systolic-diastolic ratio (systolic-diastolic = 3). 
A two-tailed ¢ test for independent samples or a two- 
tailed paired ¢ test was used to test differences between 
the normal and abnormal systolic-diastolic ratio groups 
for all interval variables. A two-tailed x? was used to 
test for differences in categoric variables, such as ad- 
missions to the neonatal intensive care unit and cesar- 
ean section deliveries for fetal distress. In addition, a 
multivariate analysis of variance was performed on the 
data, holding the arterial count as the dependent vari- 
able. The statistical package SPSS/PC+ was used for 
all statistical analysis. 
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Table I. Indication for Doppler 
velocimetry testing 





Condition No. 
Preeclampsia 10 
Chronic hypertension 7 
Chronic hypertension and 5 

preeclampsia 
Diabetes 


Preterm labor 

Suspected growth retardation 
Lupus erythematosus 

Other 


A NON Ow 





The methodology for the study of the placenta is 
similar to that described by Giles et al.° and McCowan 
et al.” The placentas were weighed fresh, with cord and 
membranes attached, and then immediately fixed in 
10% formalin for at least 1 day. After adequate fixation, 
longitudinal cuts through the maternal surface were 
made at approximately 2 cm intervals. At least two 
blocks were prepared from each placenta, one from an 
area 2 cm from the insertion of the cord and another 
from an area 2 cm from the disk margin. Areas of 
obvious infarction were avoided, and additional sec- 
tions were submitted in cases in which there was ex- 
tensive infarction. The paraffin-embedded tissue was 
cut and then stained with hematoxylin and eosin for 
preliminary evaluation, followed by Masson trichrome, 
for better demonstration of the vascular musculature 
and surrounding collagen. 

Five fields at x 100 magnification were scanned from 
each block by one pathologist, who was unaware of the 
results of the umbilical artery velocity waveform. Sub- 
chorionic and basal areas and areas of infarction were 
avoided, as were artifactually distorted areas. Tertiary 
stem villi and small muscular arteries were counted in 
each field. Small muscular arteries were defined as ves- 
sels with a diameter between 20 and 90 um and with 
a muscular coat greater than a single cell in thickness.® 
Vessel diameter was measured as the greatest external 
transverse diameter in a section at right angles to the 
line of the vessel. A micrometer disk (Bausch & Lomb, 
Rochester, N.Y.), calibrated at x 100 was used to obtain 
this measurement. The results are reported as the total 
number of tertiary stem villi and small muscular arter- 
ies counted in the 10 fields studied in each placenta. 


Results 


The mean systolic-diastolic ratio for group 1 was 
2.5 + 0.4 and 4.0 + 0.9 for group 2. Five patients in 
group 2 had absent end-diastolic velocity. When ges- 
tational age at delivery, placental weight, birth weight, 
and number of small muscular arteries were compared, 
statistically significant differences were found between 
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Table II. Comparison of placental and perinatal data between normal and abnormal umbilical artery 


systolic-diastolic ratios 


Group Group 2 
(mean + SD) (mean + SD) 


n 29 
Systolic-diastolic (mean) 2.5 + 0.4 
Gestational age (wk) 36 + 5 
Birth weight (gm) 2869 + 1066 
Placental weight (gm) 511 + 173 
Tertiary stem villi 88 + 17 
count (mean) 
Small muscular arterial 81 + 25 


count (mean) 


p value 
18 

4.0 + 0.9 0.0005 

8244 0.007 
1623 + 859 0.0005 
379 + 148 0.01 

79 + 22 0.095, NS 

45 + 21 0.0005 





Table ITI. Comparison of placental and perinatal data between normal and abnormal umbilical artery 


systolic-diastolic ratios matched for gestational age 











Group 1 Group 2 
(mean + SD) (mean + SD) p value 
n ‘16 16 
Systolic-diastolic 2.6 + 9.2 4.0 + 0.9 0.0005 
ratio (mean) 
Gestational age (wk) 33.5 + 4 33.3 + 4 0.897, NS 
Birth weight (gm) - 2201 + 347. 1740 + 841 0.155, NS 
Placental weight (gm) 411 + 148 399 + 144 0.824, NS 
Tertiary stem villi 87 + 18, 79 + 23 0.272, NS 
count (mean) 
Small muscular arterial 79 + 24 46 + 22 0.0005 
count (mean) 
Table IV. Effect of uterine flow velocity on perinatal and placental parameters 
Normal uterine S/D Abnormal uterine SID 
ratio (mean = SD) ratio (mean + SD) p value 
n 35 12 
Uterine S/D ratio 1.9 + 0.3 3.7 + 0.9 0.0005 
Umbilical $/D ratio 2.8 + 0.7 3.5 + 1.5 0.03 
Gestational age (wk) 36 + 5 32 + 4 0.01 
Birth weight (gm) 2671 + 1089 1579 + 983 0.004 
Placental weight (gm) 500 + 158 344 + 174 0.006 
Tertiary stem villi count 84 + 15 86 +, 21 0.764, NS 
Small muscular arterial 70 + 29 60 + 31 0.304, NS 


count 





S/D, Systolic-diastolic ratio. 


these two groups (Table II). Newborn infants from pa- 
tients in group 2 had lower l-minute Apgar scores 
(group 1 = 7 + 2.6; group 2 = 5 + 3.2; two-tailed 
i test, p = 0.017). This group had two antepartum fetal 
deaths because of abruptio placentae. The incidence of 
cesarean deliveries performed for fetal distress was 
55% in group 2 and 10% in group 1 (p < 0.091). 
Seventy-eight percent of the newborns delivered to pa- 
tients in group 2 required admission to the neonatal 
intensive care unit versus 38% of the newborns deliv- 
ered to patients in group 1 (p < 0.01). 

The data were corrected for gestational age (Tzble 
IIE) because this variable may have accounted for the 
significant differences seen between groups | and 2. 


The only difference that remained significant was in 
the number of small muscular arteries. This difference 
can be seen in a sample of a placenta from a patient 
with a normal ratio (Fig. 1) and that of a patient with 
an abnormal ratio (Fig. 2). 

The most abnormal umbilical artery velocity wave- 
form is that in which there is no end-diastolic velocity. 
We compared those patients with elevated umbilical 
systolic-diastolic ratios to those with absent end-diastolic 
velocity and found no significant differences in the 
number of small muscular arteries. The group with 
absent end-diastolic velocity tended to deliver earlier 
(29 + 2.7 versus 34 + 3.4 weeks; two-tailed ¢ test, 
p = 0.006), have lower birth weight infants (776 + 242 
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Fig. 1. Placental photomicrograph of patient with systolic-diastolic ratio of 2.4, Note abundance of 
well-vascularized terminal villi (open arrows). Tertiary stem villi contain abundant small muscular 
arteries (curved arrows). (Original magnification x 200; Masson trichrome.) 





Fig. 2. Placental photomicrograph of patient with absent end-diastolic velocity. Poorly vascularized 
tertiary stem villi with few capillaries (straight arrows). There is a lack of small muscular ateries in 
this field, which is representative of the vascular condition of this placenta. (Original magnification, 


* 200; Masson trichrome.) 


ii 


versus 1950 + 783 gm; two-tailed / test, p = 0.0005), 
and smaller placentas (244 + 90 versus 431 + 133 gm; 
two-tailed ¢ test, p = 0.01). 

To determine if the difference seen in the arterial 


count could be accounted for by one disease process or 


could only be identified by the systolic-diastolic ratio of 


the umbilical artery, we independently compared those 
patients with diabetes, preeclampsia, chronic hyperten- 
sion, and preterm labor with the members of our study 
population without these conditions. No significant dif- 
ferences were found in the number of tertiary stem villi 


or the number of small muscular arteries in any of these 
groups. 

The patient population was also divided on the basis 
of the systolic-diastolic ratio value of the uterine arteries 
(Table IV) to see if uterine flow affected placental his- 
tologic findings. Women who had an elevated systolic- 
diastolic ratio of the uterine artery had higher umbilical 
artery velocity waveform systolic-diastolic ratios than 
those with normal uterine artery systolic-diastolic ratios. 
There was no significant difference in the placental 
weight, number of tertiary stem villi, or number of 
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Table V. Arterial. count (mean + 
ultrasound studies 
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SD) in the four vascular patterns obtained with Doppler 





Normal umbilical 





Normal uterine 82 + 26 (n = 24) 
Abnormal uterine 77 + 21 (n= 5) 





Abnormal umbilical 





p value 





44 
48 


13 (n = FH) p < 0.001* 
31 (n = 7) p = 0.06 


i it 





*The p value denotes a two-tailed ¢ test for independent samples. 


small muscular arteries. Next, women with abnormal 
velocity waveform systolic-diastolic ratios of the umbil- 
ical artery were subdivided according to the uterine 
systolic-diastolic ratio. Again, there were no significant 
differences in the number of tertiary stem villi or small 
muscular arteries. The four possible combinations of 
vascular patterns obtained with Doppler ultrasound ex- 
amination are analyzed with regard to the number of 
small muscular arteries seen in the placenta (Table V). 
The data suggest that uterine flow was not a critical 
factor in the development of the small muscular ar- 
teries. l 


Comment 

Giles et al.° performed placental examinations in pa- 
tients who underwent Doppler flow velocity studies be- 
fore delivery. They found that there was a decrease in 
the number of small muscular arteries in those patients 
with elevated systolic-diastolic ratios of the umbilical 
artery. In the group with abnormal systolic-diastolic 
ratios, placental weights were significantly lower than 
those of patients with normal systolic-diastolic ratios. 
There also was a disproportionately large number of 
intrauterine, growth-retarded newborn infants in the 
group with abnormal systolic-diastolic ratios. The fact 
that they studied smaller placentas and smaller infants 
in the abnormal systolic-diastolic ratio group may ac- 
count for the decrease seen in 1 the number of small 
muscular arteries. 

McGowan et al.’ have performed a similar study with 
a smaller patient population and used the pulsatility 
index as the measure of umbilical artery velocimetry. 
They found a decrease in the number of small muscular 
arteries in those patient$ with a high pulsatility index. 
In their study corrections were not made for gestational 
age (31 weeks in the high pulsatility index group versus 
37 weeks in the low pulsatility index group) or for birth 
weight € 1053 gm in the high pulsatility index group 
versus 3054 gm in the low pulsatility index group). 
Again, these significant differences between the two 
groups could account for the differences seen in the 
number of small muscular arteries. 

The purpose of our study was to try and correct for 
all variables that could theoretically influence the small 
muscular arterial count, since clinically we find that the 
group with elevated systolic-diastolic ratios has preterm 
deliveries, smaller placentas, and smaller newborn in- 


fants. After correcting for the encountered variables, 
we could then compare the two groups whose only 
difference was in the systolic-diastolic ratio value (Table 
HI). Our findings suggest that in this group the increase 
in the systolic-diastolic ratio is associated with a decrease 
in the number of small muscular arteries within the 
placental vascular tree. This decrease in the number of 
vessels appears to be independent of gestational age, 
birth weight, placental weight, disease process compli- 
cating pregnancy, and uterine artery flow velocity (mul- 
tivariate analysis of variance, p > 0.05). 

Giles et al. hypothesized that the decrease in the num- 
ber of placental vessels is caused by an obliterative pro- 
cess. They based this opinion on two observations. First, 
they saw that as pregnancy progressed, the systolic- 
diastolic ratio became higher in pregnancies, resulting 
in growth-retarded newborns. Second, they saw collec- 
tions of nuclear material in some abnormal placentas, 
which they believed represented obliteration of a small 
artery. However, we observed systolic-diastolic ratios 
that decreased as pregnancy progressed, although they 
still remained in the abnormal range. We also saw ob- 
literation of vessels in placentas with both normal and 
abnormal systolic-diastolic ratios. This finding was seen 
in a small number of placentas and cannot be used to 
make a general statement. It is possible that this vessel 
obliteration may represent a normal aging process in 
some placentas, but our data on vessel number between 
33 and 36 weeks show no differences. Furthermore, 
Giles et al. demonstrated that the average small mus- 
cular arterial count increases slightly with gestational 
age in those patients with normal and abnormal systolic- 
diastolic ratios of the umbilical artery. Thus the de- 
crease in the number of vessels in the abnormal um- 
bilical artery group must occur at a much earlier period 
of gestation. Vascular resistance occurs primarily across 
the arterioles. If there are diminished arterioles with 
no change in the radii of the remaining vessels, it would 
still not be clear whether velocity would be affected 
because of the net diminution in area (velocity = 
flow/area). The associated elevated systolic-diastolic ra- 
tio indicates that velocity is diminished. Since most an- 
cillary studies on umbilical vein flow in intrauterine 
growth-retarded newborns indicate a reduced volume 
of blood flow,” it can be hypothesized that in most of 
these cases there is a developmental arrest of placental 
angiogenesis. The stimuli for angiogenesis are un- 
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known, but these data suggest that successful therapy 
would have to be carried out early in the second trimes- 
ter of pregnancy because an unchanging pattern 
emerges by 25 weeks. 

This is the third study demonstrating an inverse re- 
lationship between an elevated umbilical artery systolic- 
diastolic ratio and the small muscular arterial count of 
the stem villi. Since these findings occurred in varying 
clinical situations (hypertension, diabetes, lupus ery- 
thematosus, etc.), it appears that the decrease in arterial 
counts is a response that could be initiated by varying 
stimuli. 
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Local methotrexate injection: A nonsurgical treatment of 


ectopic pregnancy 


Mordechai Pansky, MD, Ian Bukovsky, MD, Abraham Golan, MD, Rami Langer, MD, 
David Schneider, MD, Shlomo Arieli, MD, and Eliahu Caspi, MD 


Zerifin, Israel 


Twenty seven patients with unruptured tubal pregnancy were selected for nonsurgical treatment with the 
use of one injection of 12.5 mg of methotrexate into the ectopic site at laparoscopy. No adverse reactions 
were observed. In three patients (11%), a laparotomy was performed because of rising B—human chorionic 
gonadotropin titers. In the other patients, serum B~human chorionic gonadotropin levels decreased to the 
nonpregnant range with no further intervention, and the patients recovered uneventfully. This method is 
suggested as an alternative to surgery in selected cases of early unruptured tubal pregnancy. (Am J 


Osstet GYNECOL 1989;161:393-6.) 


Key words: Local methotrexate, tubal pregnancy 


Surgical removal of the tube or products of concep- 
tion has been the treatment of choice for tubal preg- 
nancy. However, postoperative morbidity exists, and 
the procedure requires as long as 6 days of hospital- 
ization and 4 to 6 weeks of recovery. It has recently 
been shown that surgery can be avoided in carefully 
selected cases.” Future fertility after nonoperative 
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management seems to be better than after conventional 
surgery.” 

Methotrexate, a cytotoxic drug that is largely used in 
cases of gestational trophablastic disease, had previ- 
ously shown promise in resolving unruptured ectopic 
pregnancies when given systemically, thereby eliminat- 
ing the need for surgery.” >" However, its systemic use 
exposes the patients to serious side effects and toxicity. 
To minimize the risk of these side effects and maximize 
benefit from high tissue concentrations of methotrexate 
in the fallopian tube, the drug was locally applied by 
one injection to the pregnancy site at laparoscopy. 

We present our experience with treating unruptured 
tubal pregnancy by a local methotrexate injection at 
laparoscopy. 


393 














Table I. Clinical patient data 
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Gestational 
age (days) 








Case no. Age (yr) 


l 30 46 

2 33 42 460 

3 33 45 

4 30 39 240 

5 24 35 800 

G 37 47 415 

7 34 56 100 

8 31 52 1320 

9 3 42 680 
10 32 50 375 
1] 30 56 408 
12 31 46 560 
13 32 39 220 
14 22 40 567 
15 26 44 207 
16 28 42 248 
17 27 56 354 
18 30 44 300 
19 42 37 1860 
20 28 60 131 
21 27 56 540 
22 36 49 580 
23 24 42 260 
24 35 49 105 
25 27 42 
26 25 52 200 
27 26 53 129 







ACG level 
on admission 


dui) 











Size of 
pregnancy 
(om) 


Day of 
resolution 


of hCG 














Days of 
hospitalization 


l by 2 3 4 
l by 1 8 me- 
l by 1 3 11 
l by 1.5 4 8 
l by 2 5 14 
I by 2 5 35 
I by 2 3 5 
l by 1 10 = 
l by 1.5 5 10 
2 by 2 4 12 
l by | 3 6 
3 by 3 3 12 
l by 3 4 5 
I byl 4 34 
l by 2 3 12 
l by | 3 13 
l by 2 3 18 
2 by 2 3 10 
2 by 2 11 _ 
3 by 2 3 7 
l byl 2 10 
2 by 2 4 20 
3 by 3 3 9 
2 by 2 3 5 
2 byl 2 4 
2 byl 2 15 
2 by 1 4 8 





Material and methods 


Of the 73 ectopic pregnancies diagnosed at the Assaf 
Harofe Medical Centre during 1988, 70 were tubal. A 
diagnosis of ectopic pregnancy was made clinically and 
supported by (8—human chorionic gonadotropin) 
levels and ultrasonography. Final confirmation of the 
diagnosis and selection of treatment were made at lap- 
aroscopy. The following selection criteria were used: 
(1) The largest diameter of the tubal pregnancy did 
not exceed 3 cm; (2) the tubal serosa was intact and no 
active bleeding could be observed; and (3) the pelvis 
could be fully visualized. 

Informed consent was obtained from each patient 
before laparoscopy after detailed explanation. Twenty- 
seven (38%) of the 70 cases of tubal pregnancy, which 
were diagnosed from January to December 1988, ful- 
filled the selection criteria. 

After meticulous screening of the whole pelvis, the 
involved tube was grasped by an atraumatic forceps 
through a second puncture. Methotrexate, 12.5 mg, 
diluted in 2 ml of physiologic solution, was injected into 
the pregnancy site through the tubal wall by means of 
a 15 cm long spinal needle (18 gauge) introduced under 
laparoscopic guidance. Each patient was carefully ob- 

- served for changes in pulse, blood pressure, and other 
< vital signs for the first 48 hours. Daily serum B—human 
chorionic gonadotropin levels were determined after 
surgery. Patients remained in the hospital until B— 
human chorionic gonadotropin levels fell on 2 consec- 


utive days or reached the level of 10 mIU/ml. There- 
after each patient was seen every 24 to 48 hours on 
an ambulatory basis, clinically examined, and serum 
B-human chorionic gonadotropin levels determined. 
Follow-up was terminated when B—human chorionic 
gonadotropin level dropped below 10 mIU/ml. 


Results 


Patient characteristics and clinical data are summa- 
rized in Table I. Ages ranged from 22 to 42 years 
(mean, 30 years). Mean gestational age of the group 
was 46 days with a range of 35 to 60 days. Range of 
serum B—human chorionic gonadotropin on admission 
was 55 to 1860 mIU/ml. The location of tubal preg- 
nancy was ampullary in all patients: 20 on the right 
and seven on the left. All 27 patients underwent the 
procedure without any adverse reaction, Twenty-four 
patients were discharged 2 to 5 days later because of 
decreasing serum ®B—human chorionic gonadotropin 
levels. 

Three patients (cases 2, 8, and 19) required a lapa- 
rotomy because of a further rise in 8—human chorionic 
gonadotropin levels. In the first two cases serum B—- 
human chorionic gonadotropin levels dropped during 
the first 2 to 3 days after the mjection, indicating an 
initially promising response. Although both women 
were asymptomatic and clinically stable, laparotomy 
was performed on days 8 and 5, respectively. The third 
patient (case 19) had a continuous rising serum B- 
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Fig. 1. 8B—Human chorionic gonadotropin levels of three patients requiring salpingectomy. 
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Fig. 2. B—Human chorionic gonadotropin levels (average) of 24 patients not having surgery. 
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human chorionic gonadotropin pattern and an acute 
onset of severe abdominal pain on the fourth day after 
the injection and immediately had surgery. 

In all three failures, an unruptured tubal pregnancy 
was found, with no blood in the peritoneal cavity (not 
even in the latter case) and salpingectomy was per- 
formed. The B—human chorionic gonadotropin pat- 
terns for the three failures are presented in Fig. 1. 
Three patients requested tubal sterilization, which was 
performed by electrocautery after injection of metho- 
trexate. 

‘The pattern and average levels of serum B—human 
chorionic gonadotropin for the successful cases are pre- 

sented in Fig. 2. In two patients it took as long as 34 
and 35 days for hCG levels to drop to 10 mIU/ml: The 
average for all patients was 12 days. None of the treated 
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patients had any adverse reactions related to metho=. 
trexate. 

Hospitalization averaged 4 days (range, 2 to 1I days). 
So far seven patients have had postoperative hystero- 
salpingography, which showed normal patency of the 
affected tube in six and distal occlusion in the seventh 
patient. 

Three patients conceived again; one is an ongoing 
normal intrauterine pregnancy. One had an early in- 
duced abortion and one an early spontaneous abortion. 


Comment 

The introduction of various new diagnostic mea» 
sures, such as rapid B—human chorionic gonadotropin 
assays and vaginal ultrasonography, has significantly 
expedited the diagnosis of ectopic pregnancy. More 
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and more tubal pregnancies are diagnosed early in an 
unruptured state.’ 

Methotrexate had proved to be well suited for the 
eradication of trophoblastic tissue in ectopic loca- 
tions. * * Ory et al.’ reports on six patients with am- 
pullary ectopic pregnancies treated with intravenous 
methotrexate followed by leucoverin. Only one patient 
required laparotomy, and two received blood transfu- 
sions. Ichinoe et al. report a 95.7% success rate with 
systemic methotrexate alone, showing high rates of pa- 
tency of the affected tube. 

Sauer et al.” expanded the series of Ory et al.* and 
report high success rate by treating tubal pregnancies 
with systemic methotrexate in combination with citro- 
vorum factor. 

However, with systemic administration of metho- 


trexate toxicity is expected as many as 20% to 30% of 


patients.” * ° An increased incidence of congenital 
anomalies in subsequent pregnancies was also re- 
ported.'° 

Recently nine cases of unruptured tubal pregnancy 
were successfully treated with laparoscopy by local in- 
jection of prostaglandin Fa." 

Use of local injection of methotrexate under lapa- 
roscopic control enabled us to avoid abdominal surgery 
in 24 of 27 (89%) patients and thus reduce postoper- 
ative recovery time. Applied in this manner metho- 
trexate probably achieves higher tissue concentration 
in the affected tube, thereby avoiding the systemic 
route and thus reducing the risk of adverse reactions 
and side effects. 

Our three failures may be related to technical prob- 
lems, such as leakage of the injected methotrexate 
through the injection site or an additional puncture in 
the posterior wall of the tube, which could be respon- 
sible for the failures. In such a case, an additional dose 

-of methotrexate can be given. We used a fixed dose of 
‘methotrexate for all patients. Since two of these three 
patients had the highest preoperative B—human cho- 
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rionic gonadotropin levels, perhaps a higher dose is 
necessary in such cases. 

We believe and suggest that this mode of treatment 
provides a safe and relatively effective alternative to 
surgery in patients with early unruptured tubal preg- 
nancy. It is very tempting to be able to establish an 
alternative to surgery in ectopic pregnancies. Hospital 
stay is shortened and surgical risks and complications 
are avoided. Such an alternative should be acceptable 
if the incidence of side effects and complications re- 
mains low. It seems that the suggested protocol con- 
forms with such demands. 
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Serial human chorionic gonadotropin determinations by 
fluoroimmunoassay for differentiation between intrauterine and 


ectopic gestation 


Bo Lindblom, MD, PhD, Mats Hahlin, MD, and Peter Sjöblom, PhD 


Göteborg, Sweden 


A new means for differentiation between ectopic and early intrauterine pregnancy—the human chorionic 
gonadotropin score—is described. The score relates the rate of serum hCG rise per day to the initial 
human chorionic gonadotropin level. The positive predictive value for ectopic pregnancy was 94.7%, based 
on human chorionic gonadotropin scores from 41 women with increasing human chorionic gonadotropin 
levels in the range of 10 to 4000 IU/L. The method may be useful for identification of ectopic pregnancy in 
a category of women in whom ultrasonography is of limited diagnostic value. (Am J OBSTET GYNECOL 


1989;161:397-400.) 


Key words: Human chorionic gonadotropin, ectopic pregnancy, flucroimmunoassay, 


diagnosis 


Ectopic pregnancy can lead to massive intraabdom- 
inal bleeding; the danger increases with the gestational 
length.’ Early recognition of ectopic pregnancy reduces 
the risk of medical emergency and makes it possible to 
use conservative therapy (e.g., laparoscopic surgery)” 
and medical treatment.* ‘ 

The proportion of cases that are seen early in the 
course of ectopic pregnancy is increasing in our pop- 
ulation, probably as a result of a better knowledge 
among clinicians with regard to risk determinants* ° 
and possibly also an increasing awareness among 
patients about ectopic pregnancy. Since ultrasonog- 
raphy is of limited diagnostic value in very early preg- 
nancy,” * we have considered the use of serial human 
chorionic gonadotropin (hCG) assays as a single diag- 
nostic tool in patients with “low” hCG levels (i.e., <4000 
IU/L). 


As in intrauterine pregnancy, the serum levels of 


hCG in ectopic pregnancy are related to the gestational 
length but the levels of hCG are usually lower.’ Con- 
sequently, the mean rate of hCG increase in serum, the 
hCG slope, is lower in ectopic pregnancy.” 

Thus serial determination of hCG in early pregnancy 
can be used as a single tool to distinguish pathologic 
gestation from viable intrauterine pregnancies.” '° 
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However, these methods did not account for the fact 
that the hCG increase is not linear’? The purpose. of 
our study was to develop an improved method for early: 
recognition of ectopic pregnancies that takes into ac- 
count the nonlinear hCG increase, 


Material and methods 


Serum hCG levels were determined in 181 women 
admitted to the hospital for suspicion of ectopic preg- 
nancy. Many of these patients were asymptomatic, but 
because of anamnestic factors such as previous ectopic 
pregnancy or a history of infertility were considered at 
high risk for developing ectopic pregnancy.* The initial 
hCG value was <10 IU/L in 51 of these 181 women; 
these subjects were considered nonpregnant. Twenty- 
eight cases had initial hCG values >4000 IU/L and 
were excluded from further hormonal analyses and 
alternatively had ultrasonographic examination. Sixty 
of the remaining 102 women with initial hCG values of 
between 10 and 4000 IU/L had decreasing levels, éx- 
cluding a viable pregnancy. The majority of the latter 
cases had curettage and, in cases of suspected ectopic 
pregnancy, diagnostic laparoscopy. The remaining 42 
women had an initial hCG value of 10 to 4000 IU/L 
with rising levels and thus constituted a diagnostic prob- 
lem. These women were carefully monitored clinically 
to establish the final diagnosis. One single case was ex- 
cluded from further analysis because the diagnosis 
could not be settled. 

The criteria for the diagnosis of normal intrauterine 
pregnancy (n = 22) were normal fetal development, 
including heart activity in the eighth gestational week, 
studied by endovaginal ultrasonography (Briel and 
Kjaer, Naerum, Denmark). The diagnosis of ectopic 
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Table I. Serum hCG readings and slopes of rise for ectopic and intrauterine pregnancies 












Sampling interval (days) 








Patient 


Ectopic pregnancies 
10: 


1 109 
2 877 940 
3 3541 3677 
4 186 203 
5 849 1056 
6 1034 1203 
7 2265 2878 
8 473 
9 90 100 
10 43 48 
il 89 124 
12 670 848 
AB 3098 4502 
14 2193 2923 
15 79 93 
16 1511 1791 
17 1157 
18 251 656 
19 258 560 
Mean 988 
Intrauterine pregnancies 
20 2223 
21 2815 3965 
22 3575 6273 
23 849 . 1788 
24 1075 
25 3688 7037 
26 1919 
27 3097 6130 
28 2232 5878 
9. 1357 3173 
os BO 1556 5010 
31 856 
82 1172 4003 
33 586 
“34 309 1175 
35, 620 1826 
oo BG 506 
SBT 758 
38 328 
39 332 
40 468 
4] _ 94 
‘Mean 1382 





Absolute 
slope 


Relative 
slope 









0.02 2 

0.02 21 

0.04 136 

0.05 8 

0.08 69 

0.08 84 

0.09 204 

670 0.10 49 
0.11 10 

0.12 5 

0.13 12 

0.13 89 

0.15 468 

0.17 365 

0.18 14 

0.18 280 

3843 0.46 537 
0.54 135 

0.17 139 

4330 0.16 351 

0.20 575 

0.25 899 

0.37 313 

2754 0.39 419 
0.45 1674 

5621 0.48 926 
0.50 1533 

0.54 1215 

0.67 908 

0.74 1151 

2942 0.80 695 
0.80 943 

3172 0.88 517 
0.93 289 

0.97 603 

3172 1.05 533 
6489 1.26 955 

2702 1.45 475 
2377 1.54 511 
6850 9.97 1064 

1698 2.84 267 

0.89 764 





woe hCG values in international units per liter. Day 0 is initial value. 


pregnancy {n = 19) was based on laparoscopy, in the 
majority of cases followed by laparotomy. Regardless 
of the:operative method (laparoscopy or laparotomy), 


the presence of extrauterine trophoblast was confirmed 


~ by histopathologic examination. Information about the 
last menstrual bleeding is often misleading in patients 
with pathologic pregnancies because of spotting and 
~ for this reason. we made no evaluation of gestational 
length. 

hCG determinations. Blood sera, stored at — 20° C 
for up to 7 days, were analyzed for hCG by the time- 
resolved fluoroimmunoassay described by. Pettersson 
étal This nonisotopic immunoassay method involves 


a double antibody reaction with the second antibody 
labeled with europium. The sensitivity of the assay is 
approximately 0.5 IU/L; the upper limit for quanti- 
tation without dilution is approximately 8000 TU/L. 
Assay kits were purchased from Pharmacia Diagnostics, 
Sweden. The intraassay coefficient of variation was 5%. 
The interassay coefficient of variation was 8% (at 10 to 
10,000 IU/L). The crossreactivity against human lu- 
teinizing hormone was less than 0.5%. 

Computations and statistics. For each patient, the 
two hCG values were used in calculation of the slope 
of hCG tise; 

The absolute slope was defined as the difference be- 
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Fig. 1. Slope of serum hCG rise as function of initial hCG level. Open circles, Intrauterine pregnancies. 
Filled cireles, Ectopic pregnancies. Dotted line, Discriminatory function (see text). 


Table II. Positive predictive values for 
different methods of analyzing hCG data in 
early pregnancy 















Intrauterine 
pregnancy 


Ectopic 
pregnancy 


Method 


Absolute slope 95.4 21 84.2 16 
Relative slope 95.4 21 84.2 16 
hCG score 95.4 21 94.7 18 





tween the final and the preceding (“initial”) readings, 
divided by the time interval (days) between the sam- 
ple collection: Absolute slope = final hCG ~ initial 
hCG/sample interval. 

The relative slope of hCG rise was defined as the 
difference between the final and the initial hCG values 
divided by the initial value and the time interval (days) 
between the sample collection: Relative slope = final 
hCG — initial hCG/initial hCG x sample interval. 

The hCG score is the data point obtained by plotting 
the initial hCG value against its corresponding absolute 
slope. To separate the two categories of patients (in- 
trauterine or ectopic pregnancy), a discriminatory 
curve was drawn betwen the two clusters of data points. 

The Mann-Whitney U test was used for statistical 
comparisons. A p value <0.05 was considered sig- 
nificant. 


Results 

The hCG readings for each of the patients are shown 
in Table I, which also includes the absolute and relative 
slopes for each patient. The 41 patients were ranked 
according to the value of the relative slope. The me- 
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Table III. Cases incorrectly classified by either 
of the three methods for identification of 
ectopic pregnancy and intrauterine pregnancy: 





Classification by 







Patient True Relative Absolute 
diagnosis slope slope ACG score 
k EP EP IUP EP 
14 EP EP IUP EP 
17 EP IUP IUP IUP 
18 EP IUP EP EP 
19 EP IUP EP EP 
20 IUP EP EP EP. 








EP, Ectopic pregnancy; JUP, intrauterine pregnancy. 


dians of the initial values for the two groups of patients 
were not significantly different. Conversely, the me- 
dians of both the absolute and relative slope differed 
significantly (Table I). 

By use of the absolute slope to differentiate between 
normal intrauterine pregnancy and ectopic pregnancy, 
an hCG rise of 285 IU/L/day was found to give the 
best discrimination. Thus 95.4% (21 of 22) of normal 
intrauterine pregnancies had slopes above this limit, 
whereas 84.2% (16 of 19) of ectopic pregnancies 
showed an hCG rise below this value (Table 1). 

Similarly, at a discriminatory level of 0.19, the relative 
slope had a positive predictive value for normal intra- 
uterine pregnancies and ectopic pregnancies of 95.4% 
(21 to 22) and 84.2% (16 to 19), respectively. 

Fig. 1 shows both the hCG score and the discrimi- 
natory function for each patient. The equation of 
the discriminatory function was: y = 12.31 - x°*°, where 
y is the absolute slope and.x is the initial hCG. value. 
Twenty-one of the 22 intrauterine pregnancies had val- 
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ues above the discriminatory curve, whereas one was 
below. Of the ectopic pregnancies, 18 of 19 had values 
below the line and one above. Thus the positive pre- 
dictive value for intrauterine pregnancy in the case of 
an hCG score above the discriminatory curve was 
95.4%. Values below the discriminatory curve had a 
positive predictive value for ectopic pregnancy of 
94.7%. 

The positive predictive values of the three methods 
of analyzing hCG data are summarized in Table II. The 
two cases incorrectly classified by the hCG score were 
also incorrectly classified by the other two methods 
(Table II). 


Comment 


Compared with the absolute and relative slopes of 
hCG increase, the hCG score appears to give better 
discrimination between early viable intrauterine preg- 
nancies and ectopic pregnancies. The hCG score seems 
to be of specific value for identification of ectopic preg- 
nancies with relatively rapid rise in hCG values (case 
13, 14, 18, 19). This is of particular interest because 
such ectopic pregnancies generally are associated with 
a dramatic clinical presentation, including a high risk 
of tubal rupture and massive intraabdominal bleeding. 

Abdominal ultraasonographic examination has a 
great documented value for differentiation of preg- 
nancies when hCG values are >6500 IU/L.’ With an 
endovaginal ultrasonographic transducer, good accu- 
racy is achieved at still lower hCG levels* “; we arbi- 
trarily chose an upper limit of 4000 IU/L for the initial 
hCG value. 

No spontaneous abortions were encountered in this 
group of early pregnancies. This is explained by the 
exclusion of all cases with falling hCG titers, although 
it is realized that a small proportion of miscarriages 
may occur with rising hCG levels for limited periods of 
time. 

When the sample interval is extended, an increasing 
number of ectopic pregnancies will exhibit a subnormal 
hCG rise and, hence, an hCG score below the discrim- 
inatory curve. Although extension of the interval pro- 
vides better differentiation, this delays the recognition 
of ectopic pregnancies with the associated risks for 
acute hemorrhage. In our opinion, the sampling in- 
terval should be in the range of 1 to 2 days. Shorter 
sample intervals may be less reliable because of the 
normal fluctuation of the serum hCG concentration 
and the assay variability. 

One of the 19 ectopic pregnancy cases could not be 
correctly classified as such with the discriminatory curve 
chosen. If the discriminatory curve was moved upward 
to include this woman, four instead of one woman with 
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normal intrauterine pregnancies would have been in- 
correctly classified. Not surprisingly, an increased sen- 
sitivity thus implies a reduced specificity. This phenom- 
enon is even more pronounced when the absolute and 
relative slopes are used. 

We conclude that the hCG score appears to give clin- 
ically useful information to diagnose ectopic pregnancy 
in a group of women in whom ultrasonography is of 
limited diagnostic value. 
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: Dandy-Walker syndrome: A review of fifteen cases evaluated 


by prenatal sonography 


Paul D. Russ, MD, Dolores H. Pretorius, MD," and Mark J. Johnson, MD* 


Denver, Colorado, San Diego, California, and Columbus, Ohio 


Fifteen cases of the Dandy-Walker syndrome evaluated by prenatal sonography were reviewed 
retrospectively. A posterior fossa cyst communicating with the fourth ventricle was a feature in each case. 
Hydrocephalus was present in 53% of fetuses. Extracranial congenital malformations were documented in 
60% of cases. Cardiac, genitourinary, gastrointestinal, and skeletal anomalies were noted. Of 12 available 
karyotypes, 4 (33%) were abnormal, including two cases of trisomy 18. Excluding terminated pregnancies, 
there was an overall mortality of 55%. Associated congenital defects contributed to 83% of the postnatal 
deaths. The Dandy-Walker syndrome can be accurately diagnosed in utero by sonographic demonstration 
of characteristic morphologic changes in the fetal posterior fossa. The prenatal examination should include 
an evaluation of associated supratentorial and extracranial defects. Coexisting structural and chromosomal 
anomalies occur frequently and adversely affect survival. (AM J Ostet GynecoL 1989;161:401-6.) 


Key words: Fetus, ultrasonographic studies, central nervous system, Dandy-Walker 


syndrome 


The Dandy-Walker syndrome is a congenital brain 
malformation involving the fourth ventricle and cere- 
bellum.'? Cystic dilatation of the fourth ventricle is 
associated with aplasia or hypoplasia of the cerebellar 
vermis.’ ** Obstructive hydrocephalus is a common 
feature.” *° 

The Dandy-Walker syndrome is estimated to com- 
plicate approximately one in 25,000 to 35,000 preg- 
nancies. The usefulness of prenatal sonography in the 
detection and diagnosis of the Dandy-Walker syndrome 
has been demonstrated.’ * ***!° We present 15 cases 
of the Dandy-Walker syndrome evaluated by sonog- 
raphy in utero. The purposes of this study were to 
further examine prenatal sonographic findings, to de- 
scribe related intracranial and extracranial anomalies, 
and to review obstetric and neonatal outcome. 


Material and methods 


Fifteen fetuses with the Dandy-Walker syndrome 
were evaluated by prenatal sonography in our depart- 
ments from 1980 through 1987. Sonograms and med- 
ical records were reviewed retrospectively. If several 
sonographic examinations had been performed during 
the pregnancy, data were compiled from the first avail- 
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able study. Subsequent scans were evaluated for sig- 
nificant longitudinal changes. 

Sonograms were reviewed for fetal gestational age in 
menstrual weeks as determined by measurements of 
femur length and abdominal circumference. Biparietal 
diameter and head circumference measurements were 
noted. Head circumference measurements were com- 
pared with normal values compiled by Jeanty and 
Romero,” and macrocephaly was diagnosed if the head 
circumference exceeded the 95th percentile. The fetal 
posterior fossa was analyzed for features of the Dandy- 
Walker malformation, including: (1) a central cyst com- 
municating with the fourth ventricle, (2) agenesis or 
dysgenesis of the vermis, and (3) splaying of the cer- 
ebellar hemispheres with anterolateral displacement 
against the tentorium (Fig. 1, A and B). The midline 
anteroposterior dimension of the posterior fossa cyst 
was measured from axial images (Fig. 1, A). Hydro- 
cephalus and other intracranial structural abnormali- 
ties were noted (Fig. 1, C). Ventriculomegaly was 
graded subjectively as normal, mild, moderate, or se- 
vere. Extracranial congenital anomalies were recorded. 
Amniotic fluid volume was assessed subjectively as de- 
creased (oligohydramnios), normal, or increased (poly- 
hydramnios). 

Maternal records were evaluated to establish the fol- 
lowing: (1) the reason for sonography, (2) gestational 
age at delivery, and (3) mode of delivery. The clinical 
outcome was determined in each case. Autopsy reports 
and neonatal medical records were reviewed for con- 
firmation of the Dandy-Walker syndrome. Associated 
structural and chromosomal anomalies were noted. 
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Fig. 1. Prenatal sonogram demonstrates intracranial features of Dandy-Walker syndrome in 28-week 
fetus. A, Axial scan through posterior fossa shows large cyst (C) communicating with fourth ventricle 
through defect of vermis (curved arrow). Hypoplastic cerebellar hemispheres are anterolaterally 
displaced against tentorium (straight arrows). Sagittal anteroposterior dimension of cyst (double arrow) 
measures 44 mm. B, Coronal scan through posterior fossa shows symmetric triangular Dandy-Walker 
cyst (C) and elevation of tentorium (straight arrows). Note one of the rudimentary cerebellar hemi- 
spheres adjacent to tentorium (curved arr 





w). G, Axial scan through cerebral hemispheres demon- 
strates moderate hydrocephalus with dilatation of the lateral ventricles (Vj. Upside ventricle is 


obscured by artifact. 


Results 


Initial sonograms had been obtained for the follow- 
ing indications: size-dates discrepancy (n = 6), pre- 
vious child with the Dandy-Walker syndrome (n = 3), 
premature labor (n = 1), premature rupture of mem- 
branes (n = 1), and routine gestational dating (n = 1). 
The reason for the initial scan was unknown in three 
cases. At the time of referral, the gestational age de- 
termined by sonography ranged from 22 to 36 weeks. 

Posterior fossa morphologic features consistent with 
the Dandy-Walker syndrome were identified at the time 
of referral in 14 of 15 cases (93%). In one fetus with 


mild hydrocephalus at 24 weeks’ gestation, the cere- 
bellum and posterior fossa appeared normal, but a 
follow-up sonogram obtained 10 weeks later demon- 
strated features of the Dandy-Walker malformation 
(Fig. 2). 

The anteroposterior dimension of the posterior 
fossa cyst ranged from 7 to 45 mm. This measurement 
was >10 mm in 14 of 15 cases (98%) at the time of 
referral. The single exception occurred in the fetus 
with a posterior fossa that appeared normal at initial 
examination. In this case the corresponding measure- 
ment was 7 mm at presentation, but as gestation pro- 





gressed, it exceeded 10 mm before the vermian defect 
could be detected. 

Ventriculomegaly was present in 8 of 15 fetuses 
(53%) and was graded as mild (n = 4), moderate 
(n = 9), or severe (n = 2). Macrocephaly was present 
in 3 of 15 fetuses (20%), In 4 fetuses, enlargement of 
the Dandy-Walker cyst and worsening hydrocephalus 
was documented by serial sonograms. 

Oligohydramnios complicated 4 of 15 pregnancies 
(27%), including one case of premature rupture of the 
membranes. Polyhydramnios was present in 4 of 15 
pregnancies (27%). Amniotic fluid volume was normal 
in 7 of 15 cases (46%). 

Elective abortion was done in 3 pregnancies. An in- 
duced vaginal delivery with cephalocentesis performed 
in I case resulted in a stillbirth. The gestational age at 
delivery of nonterminated pregnancies ranged from 27 
to 41 weeks. Eleven live births resulted from 3 vaginal 
deliveries and 8 cesarean sections. 

There were 6 subsequent deaths among the 11 live 
births corresponding to a mortality rate of 55%. Five 
of the six deaths (83%) were secondary to coexisting 
extracranial congenital anomalies, whereas one post- 
natal death (17%) resulted from neurologic sequelae of 
the Dandy-Walker syndrome. Three neonatal deaths 
occurred within 5 days of delivery, whereas three in- 
fants died between 5 and 24 months of age. 

Five survivors have been followed up from 2 to 60 
months. Treatment has included neurosurgical shunt- 
ing in 4 of these cases. Neurologic development has 
ranged from normal to severely delayed among the 
survivors. 

Intracranial abnormalities occurring in conjunction 
with the Dandy-Walker syndrome noted at prenatal 
sonography, autopsy, or neonatal evaluation are listed 
in Table I. Extracranial malformations were docu- 
mented in 9 of 15 cases (60%) and are summarized in 
Table H. Four of twelve available karyotypes (33%) are 
abnormal. Chromosomal anomalies included 2 cases of 
trisomy 18, a partial L1q trisomy, and an interstitial 
deletion of chromosome 2. 


Comment 

The pathogenesis of the Dandy-Walker syndrome 
was originally postulated to be congenital atresia of the 
foramina of Magendie and Luschka with obstructive 
hydrocephalus predominantly affecting the fourth ven- 
tricle.”” Subsequent experimental and chnicopathologic 
studies suggested that the Dandy-Walker syndrome 
represents a complex developmental anomaly of the 
rhombencephalon rather than the sequelae of fora- 
minal obstruction. *® ©? Because of associated facial, 
cardiac, and limb anomalies, it has been suggested that 
the Dandy-Walker malformation originates before the 
sixth or seventh week of embryonic development. " 
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Fig. 2. Progressive morphologic changes in fetus with Dandy- 
Walker syndrome. A, Axial scan at level of cerebellum (straight 
arrow) demonstrates normal-appearing posterior fossa at 24 
weeks’ gestation, Sagittal depth of retrocerebellar fluid (double 
arrow) measures 7 mm and does not indicate presence of a 
cyst. B, Axial scan at 34 weeks demonstrates mild splaying of 
hypoplastic cerebellar hemispheres (straight arrows), Abnormal 
midline measurement (double arrow) of 19 mm helps to contirm 
presence of posterior fossa cyst. 


The prenatal diagnosis of the Dandy-Walker syn- 
drome depends on the demonstration of a posterior 
fossa cyst communicating with the fourth ventricle 
through a defect of the cerebellar vermis ( Fig. 1, Aj? 
4 


Although present from very early in gestation,’ *? 
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Table: I. Associated intracranial abnormalities 


Malformation No. of cases 


Ventriculomegaly 

Agenesis of corpus callosum 
Aqueductal stenosis 

Malformed inferior olivary nuclei 
Malformed dentate nuclei 
Abnormal gyral pattern 
Heterotopic gray matter 
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small vermian defects can be difficult to detect in utero.” 
Additional findings variably manifested in the posterior 
fossa include separation, anterolateral displacement, 
and hypoplasia of the cerebellar hemispheres (Fig. 1, 
A), elevation of the torcula and tentorium (Fig. 1, B), 
and enlargement of the occiput." 

In our study posterior fossa abnormalities charac- 
teristic of the Dandy-Walker syndrome were noted in 
all cases. The spectrum of morphologic changes ranged 
froma subtle vermian defect to massive cystic dilatation 
of the fourth ventricle with minimal remnants of cer- 
ebellar tissue. In one fetus with hydrocephalus, the pos- 
terior fossa anatomy appeared normal at 24 weeks’ ges- 
tation, but typical findings of the Dandy-Walker syn- 
drome became apparent over the next 10 weeks of 
follow-up (Fig. 2). l 

Although hydrocephalus is usually described as a fea- 
ture of the Dandy-Walker syndrome, it is not invariably 
present.” *° Hydrocephalus was demonstrated in only 
53% of our cases. Comparable observations have been 
made by others. Pilu et al.” observed enlarged ventricles 
in 3-of 5 fetuses (60%) with the Dandy-Walker syn- 
drome examined in utero, whereas Nyberg et al. 
noted ventriculomegaly in 71% of 7 fetuses evaluated 
by prenatal sonography. 

As noted by others ** 7, the degree of ventricular 
dilatation can be variable among cases of the Dandy- 
Walker syndrome. In our study ventriculomegaly 
ranged from mild enlargement of only the third ven- 
tricle to severe dilatation of the lateral ventricles with 
pronounced thinning of the cerebral mantle. In one 
fetus with gross hydrocephalus, associated aqueductal 
stenosis was confirmed at autopsy. Macrocephaly was 
noted to correlate with moderate to severe ventricu- 
© lomegaly. 

. The differential diagnosis of the Dandy-Walker syn- 
drome includes retrocerebellar arachnoid cyst and 
prominent fetal cisterna magna.” *'*'* Because the nor- 
mal depth of the fetal cisterna magna does not exceed 
10.mm, measuring the sagittal dimension of a suspected 
posterior fossa cyst helps to establish the presence of 
an abnormality.’ Unlike the Dandy-Walker malfor- 
mation, arachnoid cyst and large cisterna magna are 
not associated with a vermian defect or other intrinsic 
cerebellar or cerebral abnormality.’ °° Retrocerebellar 
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Table II. Extracranial congenital abnormalities 


Malformation | No. of cases 


Cardiac 
Double-outlet right ventricle 
Atrioventricular canal 
Ventricular septal defect 
Patent ductus arteriosus 
Patent foramen ovale 
Atrial septal defect 
Genitourinary 
Obstructive uropathy 
Urethral stenosis 
Microphallus 
Hypospadias 
Cryptorchidism 
Gastrointestinal 
Malrotation 
Meckel diverticulum 
Umbilical hernia 
Miscellaneous 
Dysmorphic facies 
Syndactyly 
Clinodactyly 
Cleft lip 
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arachnoid cysts can compress but do not communicate 
with the fourth ventricle.” > Whereas a Dandy-Walker 
cyst is seen as a triangular midline fluid collection 
with symmetric splaying of the cerebellar hemispheres 
(Fig. 1, B), an arachnoid cyst can be asymmetrically 
positioned in the posterior fossa and tends to be 
rounded.” Although these features can aid in diag- 
nosis, the sonographic differentiation between the 
Dandy-Walker syndrome and a retrocerebellar arach- 
noid cyst can be difficult.>’ 

The Dandy-Walker syndrome has been associated 
with additional brain abnormalities in approximately 
68% of cases. These include aqueductal stenosis, 
gyral anomalies, heterotopias, and malformations of 
inferior olivary and dentate nuclei.’ ? Agenesis of the 
corpus callosum has been reported in 7% to 17% of 
cases." ê? Instances of the Dandy-Walker syndrome 
occurring with holoprosencephaly, occipital meningo- 
cele, and encephalocele have been described.** 123 In 
our study a variety of intracranial anomalies were doc- 
umented (Table I), including agenesis of the corpus 
callosum in 4 cases. 

Extracranial congenital anomalies have been associ- 
ated with Dandy-Walker syndrome in approximately 
25% of cases.‘ Facial abnormalities that have been re- 
ported include dysmorphism, cleft palate, and hem- 
angioma." **'° Congenital heart lesions that have been 
described include ventricular septal defect, patent fo- 
ramen ovale, patent ductus arteriosus, pulmonary ste- 
nosis, pulmonary atresia, and coarctation. 1131 More 
complex cardiac malformations have occurred, such as 
tetralogy of Fallot, Ebstein anomaly, hypoplastic right 
ventricle, transposition, with single ventricle, and cor 
biloculare."" '* 7 Associated skeletal abnormalities 
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«have included polydactyly, syndactyly, vertebral seg- 

“mentation anomalies, and lethal short-limbed dwarf- 
ism. 14V Bowel malrotation, Meckel diverticulum, 
and urogenital malformations have occurred sporadi- 
cally." 12, 15,17 

Extracranial structural anomalies were present in 
60% of the fetuses that we studied. Cardiac, genito- 
urinary, gastrointestinal, facial, and skeletal malfor- 
mations were noted (Table I). Fetal echocardiography 
detected the double-outlet right ventricle and the atrio- 
ventricular canal. Obstructive uropathy secondary to 
urethra! stenosis or abnormal external genitalia oc- 
curred in 3 fetuses. Oligohydramnios and pulmonary 
hypoplasia contributed to neonatal death in two of 
these cases. 

The frequency of chromosomal defects in the Dandy- 
Walker syndrome is uncertain.” Hirsch et al.° noted 
two cases of trisomy 21 and one abnormality of chro- 
mosome 5, in their review of 40 pediatric patients. Ny- 
berg et al.” reported one trisomy 18 and one mosaic 
trisomy 13 among 4 cases with chromosomal analysis. 
In our series 33% of 12 available karyotypes were ab- 
normal, including 2 cases of trisomy 18, a partial 11q 
trisomy, and an interstitial deletion of chromosome 2. 
Although central nervous system malformations are 
uncommon in trisomy 18," the Dandy-Walker syn- 
drome has been associated with this chromosomal du- 
plication syndrome." '° 

Familial recurrences of the Dandy-Walker syndrome 
are infrequent. Although 3 of our cases had previously 
affected siblings, Murray et al,” have estimated the 
prevalence of the Dandy-Walker syndrome among sibs 
to be 2%. Hirsch et al.* reported only six instances of 
familial clustering among 300 cases compiled from the 
literature. Although not considered a hereditary dis- 
order,’ the Dandy-Walker syndrome can be a manifes- 
tation of certain autosomal recessive and X-linked dom- 
inant syndromes.” Excluding these disorders, the re- 
currence risk for the Dandy-Walker syndrome in 
subsequent pregnancies is approximately 1% to 5%.” 

The natural history of the Dandy-Walker syndrome 
is not well known. ® As noted in this report and by 
others, ”° enlargement of the posterior fossa cyst and 
worsening hydrocephalus can be observed in utero. 
Since progressive changes are often slow, conservative 
management is usually possible.” However, severe or 
rapidly increasing ventriculomegaly can necessitate ag- 
gressive obstetric intervention.* ” Of the cases not de- 
tected prenatally, 80% to 85% will present before 1 year 
of age with symptoms of hydrocephalus.” ° 

Overall mortality rates of 12% to 50% have been 
reported for the Dandy-Walker syndrome in the pe- 
diatric neurosurgical literature. A mortality rate of 
55% was noted for nonterminated pregnancies in our 
study. Excluding elective abortion, Nyberg et al.'® doc- 
umented a mortality of 67%. Fetal and neonatal 
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deaths are often attributable to extracranial malforma- 
tions.’* © Associated congenital anomalies contributed 
to 83% of postnatal deaths among our cases. 

The functional outcome for survivors is variable. 
Subnormal intelligence (IQ < 83) is manifested in 
41% to 71%.* © More severe intellectual impairment 
has been observed in cases of agenesis of the corpus 
callosum. 

In conclusion, the Dandy-Walker syndrome can be 
diagnosed accurately with prenatal sonography by 
demonstrating a posterior fossa cyst communicating 
with the fourth ventricle through a defect of the cer- 
ebellar vermis.®® There is great variability of intracra- 
nial findings in fetuses with the Dandy-Walker syn- 
drome. A sagittal measurement exceeding 10 mm helps 
to confirm the presence of a Dandy-Walker cyst. The 
sonographic examination, including fetal echocardi- 
ography, should be directed toward identifying ad- 
ditional supratentorial and extracranial anomalies. 
Follow-up sonograms are useful for monitoring cyst 
size and ventriculomegaly. Fetal karyotyping is rec- 
ommended for chromosomal analysis.” ° The pres- 
ence of multiple congenital defects adversely affects 
survival. 
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The frequency and management of uterine perforations during 


first-trimester abortions 


Steven G. Kaali, MD, Ivan A. Szigetvari, MD, PhD, and George S. Bartfai, MD, PhD 
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The frequency and management of uterine perforation during first-trimester abortions remain a matter of 
continuing debate among gynecologists. The rate of uterine perforations was 1.3/1000 procedures (eight 
cases) in’ 6408 women undergoing first-trimester abortions at our clinic. We also performed 706 
first-trimester abortions at the time of laparoscopic sterilization. Two perforations (2.8/1000 procedures) 











were reported before laparoscopy. Twelve (15.6/1000 procedures) unsuspected perforations were 
“discovered during direct laparoscopic visualization. This represents a 19.8/1000 procedure rate of 
perforation (14 cases). All 22 patients with perforations were managed conservatively, and no immediate 
or. late complications were noted. Our data suggest that the true incidence of uterine perforations is 
significantly underestimated and serious complications caused by perforations are rare. Conservative 
therapy is recommended rather than early surgical intervention. (Am J OasteT GYNECOL 1989;161:406-8.) 


Key words: Abortion, uterine perforation, management 


First-trimester abortion is a simple and commonly 
s performed procedure. However, complications, includ- 
ing uterine perforations, occur. The incidence of uter- 
ine perforation varies between 0.8 and 6.4/1000 pro- 
cedures, >? 

Uterine perforations are usually diagnosed as a result 
of physician suspicion. Definite diagnosis can be made 
on-rare occasions when abdominal contents are brought 
out through the cervix or invading instruments reach 
beyond. the uterine cavity, According to Mittal and 

«Misra, unrecognized perforations are rather common, 
and the true incidence of uterine perforations is un- 
-derestimated without direct pelvic visualization. White 
et al.‘ described 19 unsuspected uterine perforations 
during 624 laparoscopic sterilizations, making the fre- 
¿quency 30/1000 procedures. Similar conclusions were 
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reached by Chi and Feldblum® during 20,000 laparo- 
scopic and minilaparotomy sterilizations. 

The frequency of and therapy for uterine perfora- 
tions remain a matter of continuing debate among gy- 
necologists. This propective study describes our ex- 
periences with the rate of recognized and unsuspected 
uterine perforations and their management. 


Material and methods 

Between Jan. 1, 1986, and Dec. 31, 1987, 6408 first- 
trimester abortions, including termination of three mo- 
lar gestations, were performed by vacuum aspiration 
at our free-standing surgical facility. The average age 
of the patients was 21 years, and parity was 0.7 in this 
study group. All procedures were performed on an 
outpatient basis either under general anesthesia (89%) 
or paracervical block (11%). The cervix was. gradually 
dilated with Pratt dilators without uterine sounding, 
and the products of conception were evacuated by plas- 
tic suction cannula. This was followed by sharp curet- 
tage to ascertain that the uterine cavity was empty. In 
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“cases of continuous bleeding, oxytocin was used in lieu 
of repeat curettage. 

An additional 706 first-trimester abortions were per- 
formed with the same method at the time of laparo- 
scopic sterilization. The average age of the patients in 
this group was 35 years and parity was 2.3. General 
anesthesia was used in 687 (97.3%) cases and local an- 
esthesia was used in 19 (2.7%) cases. The largest Pratt 
dilator used for dilatation was reinserted just beyond 
the internal os of the cervix. It was securely attached 
to the tenaculum with adhesive tape to mobilize the 
uterus. Tubal sterilizations were carried out through a 
single incision by means of bipolar cautery or Falope 
` rings with the aid of video laparoscopy. The procedures 

were performed by four experienced surgeons. 

In the abortion group, uterine perforations were di- 
agnosed by physician suspicion after an instrument was 
passed beyond the expected distance. This perfora- 
tion rate was compared with those described in the 
literature. 

In the abortion-sterilization group, the surgeons 
were asked to report perforations before laparoscopy. 
The reported rate of uterine perforations could then 
be compared with those recognized only during lapa- 
roscopy. 

The p values < 0.05 were considered significant. Cal- 
culation of statistical significance between the abortion 
and laparoscopy-abortion groups was made by the x” 
test. 


Results 

Eight uterine perforations were reported during 
6408 first-trimester abortions, resulting in a perforation 
rate of 1.3/1000 procedures. The average age of these 
patients was 22 years and parity was 0.8. Six of the 
eight perforations were sustained under general an- 
esthesia. 


When the abortions were performed at the time of 


laparoscopic sterilizations, two perforations were re- 
ported before direct visualization (2.8/1000 proce- 
dures). Twelve additional perforations were recognized 
only through the laparoscope. Thus the true incidence 
of uterine perforations in the laparoscopic group was 
14 (two + 12) per 706 cases, or 19.8/1000 procedures. 
This is sevenfold higher (p < 0.001) than the perfo- 
ration rate recognized with traditional methods. The 
average age of these 14 patients was 36 years and parity 
was 2.2. All received general anesthesia. The location 
of perforations and uterine positions are shown in 
Table 1. Most perforations occurred in the fundus. 
Of 22 uterine perforations, three were recognized 
before and two were discovered during the suction pro- 
cedure. In five patients the perforation became evident 
at the time of curettage. Twelve perforations went un- 
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Table I. Uterine position and location 
of perforations in the 
abortion-laparoscopy group 





Uterine position 





Anteverted, No. Retroverted; No. 


Site of perforations 





Fundus or cornua 5 4 
Anterior wall 1 3 
Posterior wall 1 === 


Cervix pen sei 





detected until laparoscopic sterilization, and the per- 
forating instrument could not be identified. 

In the 10 patients in whom perforations were rec- 
ognized without laparoscopy, abortions were completed 
under sonographic control. In the 12 patients in whom 
unsuspected uterine perforations were diagnosed at the 
time of laparoscopic sterilization, no further treatment 
was required. All 22 patients were discharged on an- 
tibiotics an average of 4 hours after the procedure and 
returned to their normal activities in 48 hours. With 
the exception of one woman, all returned for postop- 
erative checkup within 2 weeks, which revealed a be- 
nign postoperative course and normal pelvic findings. 


Comment 

The rates of recognized perforations in our abortion 
group and abortion-sterilization group were 1.3 and 
2.8/ 1000 procedures, respectively, which are similar to 
those reported in the literature. Twelve additional per- 
forations (15.6/1000 cases) were discovered only dur- 
ing laparoscopic sterilizations, resulting in a true uter- 
ine perforation rate of 19.8/1000 procedures in this 
study group. The secure placement of the Pratt dilator 
during uterine manipulation prevented accidental per- 
forations. Therefore most traumatic uterine perfora- 
tions during first-trimester abortions are unreported 
or even unsuspected. Similar conclusions were reached 
by White et al." during diagnostic curettage in patients 
who had subsequent laparoscopy. 

On the basis of these data, it is clear that most uterine 
perforations inadvertently escape medical attention 
and seldom result in serious complications. We would 
not deny that serious injuries can be sustained ata time 
of uterine perforations, but we disagree with Lauersen 
and Birnbaum’ and Mittal and Misra’s’ suggestion that 
all patients with uterine perforations should immedi- 
ately have laparoscopy or even laparotomy. 

If the perforation occurs while the gestational tissue 
is still present in the uterine cavity, the abortion should 
be completed under sonographic guidance, avoiding 
more invasive surgical procedures. If intraoperative ul- 
trasound studies are unavailable or the surgeon is in- 
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experienced with suction curettage, laparoscopic con- 
trol is indicated to complete the abortion. Of course, 
these patients need careful surveillance after surgery. 

Our data also confirmed the previously known fact 
that general anesthesia, advanced age, and parity have 
been associated with increased incidence of uterine per- 
forations during abortion. However, surgical experi- 
ence and proper technique can reduce the risk of the 
perforation, even in these high-risk cases.’ We recom- 
mend a preoperative linear or vaginal ultrasound scan- 
ning and careful bimanual pelvic examination under 
suitable anesthesia. We suggest the use of Pratt dikators 
without uterine sounding. The suction cannula should 
only be passed through the internal os of the cervix, 
and the conceptus should be sucked from this position. 

_ The curettage should always be gentle and only to con- 
firm the intended result. An optimally evacuated uterus 
after abortion seldom bleeds, and the use of uterotonics 
is recommended rather than repeat over-zealous cu- 
rettage, Reinsertion of the Pratt dilator for uterine mo- 
bilization before laparoscopy should not increase the 
risk of perforation if it is securely attached to the te- 
naculum and not passed significantly beyond the in- 
ternal os of the cervix. 

In conclusion, we feel that most uterine perforations 
during first-trimester abortions go unrecognized and 
untreated. Therefore we suggest restraint and obser- 
vation in managing recognized perforations, unless 
intra-abdominal contents have been brought through 
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the cervix. Careful postoperative monitoring in the re- 
covery room and instructions after discharge will help 
identify patients requiring more invasive treatment. 
Our experiences suggest that premature exploratory 
laparotomies after uterine perforations are unneces- 
sary. We recognize that in the current medicolegal cli- 
mate, it is a hard decision to make, but a well-balanced 


Judgment in this critical time period on the part of the 


physician will benefit the overwhelming majority of 
young women seeking first-trimester abortions. 
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IN BRIEF: 
indications and m LO/OVRAL® is indicated for the prevention of pregnancy in women who elect to use 
oral contraceptives (OC's) as a method of contraception. 
Contraindications —OC's should not be used in women with any of the following conditions: 
1. Thrombophiebitis or thromboembolic disorders. 
2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 
3. Cerebral-vascular or coronary-artery disease. 
4. Known or suspected carcinoma of the breast. 
5. Known or suspected estrogen-dependent neoplasia. 
6. Undiagnosed abnormal genital bleeding. 
7. Known or suspected pregnancy (see Warning No. 5). 
8. Benign or malignant liver tumor which developed during use of OC's or other estrogen-containing 
products. 


‘Warnings 


tisk increases with age and with heavy smoking (15 or more ci per day) and is quite marked in 
‘women over 35 years of age. Women who use oral contraceptives be strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risk of several serious conditions, including 


thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension 
Practitioners prescribing oral contraceptives shouid be familiar with the following information relating to 
these risks. 


1. Thromboembolic Disorders and Other Vascular Problems -An increased risk of thromboembolic and 
thrombotic disease associated with use of OC's is well established, Three principal studies in Great Britain and 
3 in the U.S. have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than 
nonusers to develop these diseases without evident cause 
CEREBROVASCULAR DISORDERS~- in a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 
times greater in users than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than 
in nonusers. 
MYOCARDIAL INFARCTION (MI)-- An increased risk of MI associated with use of OC's has been reported. 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that 
the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hypertension, 
hypercholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of developing 
Mi, regardiess of whether the patient was an OC user or not. OC's, however, were found to be a clear additional 
risk factor. In terms of relative risk, it has been estimated that OC users who do not smoke (smoking is. consid- 
ered a major predisposing condition to MI) are about twice as likely to have a fatal MI as nonusers who do not 
smoke. OC users who are also smokers have about a 5-foid increased risk of fatal MI compared to users who 
do not smoke, but about a 10- to 12-fold increased risk compared to nonusers who do not smoke, Further- 
more, amount of smoking is also an important factor. in determining importance of these relative risks, how- 
ever, baseline rates for various age groups must be given serious Consideration. Importance of other 
Predisposing conditions mentioned above in determining relative and absolute risks has not as yet been 
quantified; quite likely the same synergistic action exists, but perhaps to a lesser extent. 
RISK OF DOSE~-in an analysis of data derived from several national adverse-reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coronary thrombosis, is directly 
related to dose of estrogen in OC's. Preparations containing 100 meg or more of estrogen were associated with 
higher risk of thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that 
quantity of estrogen may not be the sole factor involved, This finding has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES -A large prospective study carried out 
in the UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate 
annually from circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34- S/ 100,000; 
35-44 .-33/100,000; ages 45-49.— 140/300,000), risk being concentrated in older women, in those with 
long duration af use, and in cigarette smokers. It was not possible, however, to examine interrelationships of 
age, smoking, and duration of use, nor to compare effects of continuous vs. intermittent use. Although the 
study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, alt these 
deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or 
more years are available, it is not possible to assess magnitude of relative risk for this younger group. Available 
data from a variety of sources have been analyzed to estimate risk of death associated with various methods of 
contraception. Estimates of risk of death for each method include combined risk of contraceptive method 
(e.g., thromboembolic and thrombotic disease in the case of OC's) plus risk attributable to pregnancy or 
abortion in event of method failure. This latter risk varies with effectiveness of method, The study concluded 
that mortality associated with all methods of birth contro! is low and below that associated with childbirth, with 
the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom or diaphragm 
backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's increases 
with age after about 30 and, for MI, is further increased by hypertension, hypercholesterolemia, obesity, 
diabetes, or history of pre-eclamptic toxemia, and especially cigarette smoking. Physician and patient should 
be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pul- 
embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 
6-fold increased risk of postsurgery thromboembolic complications has been reported in OC users 
if feasible, OC's should be discontinued at least 4 weeks before surgery of a type associated with increased 
risk of thromboembolism or prolonged immobilization 
PERSISTENCE OF RISK OF VASCULAR DISORDERS- Findings from one study in Britain invoiving cerebro- 
vascular disease and another in the U.S. concerning MI suggest an increased risk of these conditions.in users 
of OC's persists after discontinuation of the OC's. In the British study, risk of cerebrovascular disease 
remained elevated in former OC users for at least 6 years after discontinuation. in the U.S. study, increased 
risk of MI persisted for at least 9 years in women 40- to 49-years-old who had used OC's for 5 or more years. 
Findings in both studies require confirmation since they are inconsistent with other published information 
2. Ocular Lesions— There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombo- 
sis associated with use of OC's, Discontinue OC’s if there is unexplained, sudden or gradual, partial or com- 
piete loss of vision; onset of proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 
3. Carcinoma —-Long-term continuous administration of either natural or synthetic estrogen in certain animal 
species increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progesto- 
gens, none currently contained in OC's, have been noted to increase incidence of mammary nodules, benign 
and malignant, in dogs. In humans, 3 case-control studies have reported an increased risk of endometrial 
carcinoma associated with prolonged use of exogenous estrogen in postmenopausal women, One publication 
reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the endo- 
metrium in women under 40 on OC's. Of cases found in women without predisposing risk factors (e.g, irregu- 
lar bleeding at the time OC's were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These are no longer marketed. No evidence has been reported Suggesting increased risk of 
endometrial cancer in users of conventional combination or progestogen-onty OC's. Several studies have 
found no increase in breast cancer in women taking OC's or estrogens. One study, however, while also noting 
no overall increased risk of breast cancer in women on OC's, found an excess risk in subgroups of OC users 
with documented benign breast disease. Reduced occurrence of benign breast tumors in users of OC's has 
been well documented. in summary, there is at present no confirmed evidence from human studies of 
increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, neverthe- 
jess, essential. in all cases of undi persistent or recurrent abnormal vaginal bieeding, appropriate 
diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or with breast nodules, fibracystic disease, or abnormal mammograms should be monitored with 
particular care if they elect to use OC's. 
4. Hepatic Tumors — Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. 
Pino benign, hepatic adenomas may rupture and may cause death through intra-abdomina! hemor- 
rhage. This has been reported in short-term as well as long-term users. Two studies relate risk with duration of 
use of OC's, the risk being much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be 
considered in women presenting abdominal pain and tenderness, abdominal mass or shock. A tew cases of 
hepatocellular carcinoma have been reported in women on OC's. Relationship of these drugs to this type of 
malignancy is not known. 
5, Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Off- 
Spring —Use of female sex hormones-—both estrogenic and progestational agents — during early pregnancy 
may seriously damage the offspring, It has been shown that females exposed in utero to diethyistitbestral, a 
nonsteroidal estrogen, have increased risk of developing in tater life a form of vaginal or cervical cancer ordi- 
narily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 exposures or less. Although 
there is no evidence now that OC's further enhance risk of developing this type of malignancy, such patients 
should be monitored with particular care if they elect to use OC's. Furthermore, 30 to of such exposed 
women have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male chidren 
so exposed may develop abnormalities of the urogenital tract. Although similar data are not available with use 
of other estrogens, it cannot be presumed they would not induce similar changes. An increased risk of con- 
genital anomalies, including heart defects and limb defects, has been reported with use of sex hormones, 
including OC's, in pregnancy. One case control study estimated a 4.7-fold increase in risk of limb-reduction 
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defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some exposures involved only a few days. Data suggest that 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live births. in the past. 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. 
There is considerable evidence that estrogens are ineffective for these indications, and there is no evidence 
trom well-controlled studies that progestogen are effective. There is some evidence that triploidy and possi- 
bly other types of polyploidy are increased among abortuses from women who become pregnant soon after 
ceasing OC's. Embryos with these anomalies are virtually always aborted spontaneously. Whether there is an 
overall increase in spontaneous abortion of pregnancies conceived soon after stopping OC's is. unknown. Itis 
recommended that, for any patient who has missed 2 consecutive periods, pregnancy should be ruled out 
before continuing OC's. If the patient has not adhered to the prescribed schedule, the possibility of pregnancy 
should be considered at time of first missed period, and further use of OC's should be withheld until preg- 
nancy has been ruled out, If pregnancy is confirmed, the patient should be apprised of the potential risks fo 
the fetus, and advisability of continuation of the pregnancy should be discussed. it is also recommended that 
women who discontinue OC's with intent af becoming pregnant use an alternate form of contraception for a 
period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this. The administration of progestogen-estrogen combinations to 
induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease ~ Studies report increased risk of surgically confirmed gallbladder disease in users of 
OC's and estrogens. in one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years” 
use. in ane of the other studies, increased risk was apparent between 6 and 12 months’ use. 

7. Carbohydrate and Lipid Metabolic Effects — Decrease in glucose tolerance has been observed in a signifi- 
cant percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. Increase in triglycerides and totai phospholipids has been observed in patiénts on 
OC's; clinical significance of this finding remains to be defined. 

8. Elevated Blood Pressure-~increase in blood pressure has been reported in patients an OC's. In some 
women, hypertension may occur within a few months of beginning OC's. in the 1st year of use, prevalence of 
women with hypertension is low in users and may be no higher than that of a comparable group of nonusers. 
Prevalence in users increases, however, with longer exposure, and in the Sth year of use is 22 to 3 times the 
reported prevalence in the Ist year. Age is atso strongly correlated with development of hypertension in OC 
users. Women who previously have had hypertension during pregnancy may be more likely to develop efeva- 
tion of blood pressure on OC's. Hypertension that develops as a result of taking OC's usually returns to normal 
after discontinuing the drug. 

9. Headache -Onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 

10. Bleeding irregularities — Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for 
patients discontinuing OC's. in breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunc- 
tional causes should be borne in mind. 

in undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures 
are indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to another 
OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially useful in 
minimizing menstrual irregularity, should be done only if necessary, since this may increase risk of throm- 
boembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinu- 
ing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods, Post-use anovulation, possibly prolonged, may also occur in women without previous irregu- 
Jarities. 

11. Ectopic Pregnancy -- Ectopic as well as intrauterine pregnancy may occur in contraceptive failures, 

12. Breastfeeding OC's given in the postpartum period may interfere with lactation and decrease quantity 
and quality of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the 
milk of mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer 
OC's until infant has been weaned. 

Precautions -GENERAL — 1. Acompiete medical and family history should be taken prior to initiatian of OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. 

As a general rule OC's should not be prescribed for longer than 1 year without another physical examination. 
2. Under influence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase 
in size, 

3. Patients with history of psychic depression should be carefully observed and the drug discontinued if 
depression recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop 
OC's and use an alternate method to try to determine whether the symptom is drug-related. 

4. OC's may cause some degree of fiuid retention. They should be prescribed with caution, and only with 
careful monitoring, in patients with conditions which might be aggravated by fluid retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency. 

5. Patients with a past history of jaundice dunng pregnancy have an increased risk of recurrence while on 
OC’s. if jaundice develops, OC's should be discontinued, 

6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution. 

7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative 
pyridoxine deficiency. Clinical significance is undetermined. 

8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development 
of folate deficiency and incidence of folate deficiency increases with increasing gestation, itis possible that if a 
woman becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate 
deficiency and complications attributed to this deficiency. 

9. The pathologist should be advised of OC therapy when revelant specimens are submitted. 

10. Certain endocrine. and liver-function tests and blood components may be affected by estrogen-contain- 
ing OC's: a. Increased sulfobromophthaiein retention, b. Increased prothrombin and factors VII, VIIN, IX, and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggregability, c. Increased thyroid- 
binding globulin (TBG) leading to increased circulating total-thyroid hormone, as measured by protein-bound 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration ts unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

information for the Patient See Patient Package Labeling, 

Drug Interactions Reduced efficacy and increased incidence of breakthrough bleeding have been asso- 
ciated with concomitant use of rifampin. A similar association has been suggested with barbiturates, 
phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 

Carcinogenesis — See Warnings on carcinogenic potential of OC's 


Pregnancy—Category X. See Contraindications, Warnings. 

Nursing Mothers —See Warnings. 

Adverse Reactions- An increased risk of these serious adverse reactions has been associated with use of OC's 
{see Warnings): thrombophiebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral 
hemorrhage, hypertension, gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and use of OC's although additional 
confirmatory studies are needed: mesenteric thrombosis, neuro-ocular lesions, €g., retinal thrombosis and 
optic neuritis. 

The following adverse reactions have been reported in patients on OC's and are beheved to be drug-related: 
Nausea and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or 
tess of patients during the first cycle. Other reactions, as a general rule, are seen much less frequently or only 
occasionally. Gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding, 
spotting. change in menstrual flow; dysmenorrhea, amenorrhea during and after treatment, temporary infer- 
tility after discontinuance of treatment; edema; chioasma or melasma which may persist; breast changes: 
tenderness, enlargement, and secretion; change in weight (increase or decrease), change in cervical erosion 
and cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic jaun- 
dice; migraine; increase in size of uterine leiamyomata; rash (allergic); mental depression; reduced tolerance 
to carbohydrates: vaginal candidiasis; change in corneal curvature (steepening), intolerance to contact 
fenses. 

The following adverse reactions have been reported in users of OC's, and the association has been neither 
confirmed nor refuted. premenstrual-like syndrome, cataracts, changes in libido, chorea, Changes in appe- 
tite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, toss of scaip hair, erythema multi- 
forme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome 

Acute Overdose — Serious ill effects have not been reported following acute ingestion of large doses of OC's by 
young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
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Histologic and immunologic study of uterine biopsy tissue of 
women with incipient abortion 


Magdy Michel, MB, MRCOG, Jenny Underwood, BSc, MA,” 
David A. Clark, MD, PhD, FRCPC, James F. Mowbray, MD, FRCP,” and 


Richard W. Beard, MD, FRCOG* 
London, England, and Hamilton, Ontario, Canada 


Biopsy specimens taken from the region of the placental bed were examined for the presence of 
phloxinophilic granulated mononuclear cells in women with a history of recurrent miscarriage and who 
would eventually miscarry a current pregnancy. They were compared with biopsy specimens from women 
with intact pregnancies presenting for elective termination of pregnancy and those with “missed abortion.” 
Cells with large cytoplasmic granules (21 pm) were abundant in the group of ongoing pregnancies 
whereas ceils with smaller granules (<1 pm) that were similar to large granular lymphocytes. were more 
abundant relative to cells with large granules in the biopsy specimens from failing pregnancies. 
immunosuppressive activity was tested in the supernatants of cultured biopsy samples of each group and 
found to be significantly lower in the incipient miscarriage group. These findings could represent alterations 
associated with the process of miscarriage, such as inflammation, or there may be deficient suppressor 
cell activity at the fetomaternal interface as the reason for “rejection” of the early embryo. (Am J OBSTET 


GYNECOL 1989;161:409-14.) 


Key words: Aborting women, uterine biopsies in pregnancy, immunologic suppression, 


fetomaternal relations 


The success or failure of the mammalian fetus in an 
immunologically hostile host has been shown to be cor- 
related to the properties of the tissue at the maternal- 
fetal interface. Certain types of pregnancies in animals 
tend to have a high failure rate.' Intrauterine destruc- 
tion of the embryo may be associated with an infiltration 
by cytotoxic maternal mononuclear cells at the decidua- 
trophoblastic interface reminiscent of the histologic pic- 
ture of graft rejection. Both specific cytotoxic T cells 
and nonspecific natural killer—type cells may be in- 
volved. It is proposed that normal human pregnancy 
involves recognition of the foreign antigen on the con- 
ceptus and the development of a subsequent immu- 
nologic response. This response is protective to the 
growing fetus and inhibits maternal cytotoxic cell in- 
filtration by boosting local active suppressor cell activ- 
ity.' Disturbance of this sequence of protective events 
may lead to an initial miscarriage and recurrence in 
subsequent pregnancies. 

Experimental studies of pregnancy in mice suggest 
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the presence of nonspecific suppressor cells in. me- 
chanically disaggregated decidua. These are predom- 
inantly small granulated lymphocytic cells that lack _ 
T-cell surface markers and elaborate soluble factor(s) 
that inhibit the response to T-cell growth factor 
(interleukin-2).' Similar interleukin-2 blocking factor(s) 
has been obtained from human decidua” * 

In pregnant women distinct differences in the cel- 
lular composition of the decidua were noted when 
healthy and failing pregnancies were compared in 10 
samples of placental bed biopsies of four normal 
women and six women who had begun to miscarry. A 
paucity of small lymphocytic cells with large granules 
(stained by phloxine-tartrazine) was evident in the de- 
cidua of a failing pregnancy, whereas cells with large 
granular lymphocytes were prominent in the decidua 
of miscarrying women.’ However, this study provided 
only qualitative rather than quantitative data, and no 
information was obtained concerning altered immu- 
nosuppressor activity in these specimens. 

In the study reported here, we quantitatively mea- 
sured changes in granulated maternal mononuclear cell 
populations in uterine samples from the area of the 
placental bed in women who would eventually miscarry 
and measured the level of suppressor activity in biopsy 
culture supernatants from this group of patients. 







Patients and methods 


The study included 59 pregnant women. Group A 
was a control group consisting of 27 women who un- 
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Fig. 1. Photomicrographs of phloxine-tartrazine—stained placental bed biopsy specimens. a, Sample 
from elective termination of pregnancy. b, Sample from patient with “anembryonic” pregnancy. 
Arrows point to granulated cells. A, Cells with large granules. B, Large granular lymphocytes. (Oil 


immersion; original magnification x 1000.) 


derwent legal abortion. Group B consisted of 26 women 
who had a history of recurrent miscarriage (i.e., three 
or more unexplained miscarriages with the same part- 
ner and not more than one live birth). Group C con- 
sisted of six women with an ultrasonographically di- 
agnosed “missed abortion.” The average maternal age 
was 24.9, 33.4, and 29.7 years, respectively, in the three 
groups. 

Group A patients were scanned in the operating 
room before legal abortion and the gestational age was 
determined (crown-rump length or biparietal diame- 
ter). The presence of fetal heart activity was confirmed 
and localization of the placenta established. 

Group B patients were all investigated at the Recur- 
rent Miscarriage Clinic at the Samaritan Hospital for 
Women, London, and those found to be lacking anti- 
paternal cytotoxic antibodies were given paternal lym- 


phocyte immunization either before or during preg- 
nancy.’ Four patients were not immunized in this 
group, two because antipaternal cytotoxic antibodies 
were detectable in the sera and the other two because 
of “anembryonic” pregnancies at the time they were 
seen for immunization. All patients were followed up 
by weekly ultrasonographic examination as soon as the 
test result for the B-subunit of human chorionic go- 
nadotropin was positive. “Anembryonic” pregnancy 
was diagnosed in all patients in this group and the 
placental site was determined by ultrasonography. 
Group C patients had threatened miscarriage (i.e., vag- 
inal bleeding) and were assessed by ultrasonography. 
Absence of a fetal pole and fetal heart on two separate 
occasions was considered diagnostic of “anembryonic 
pregnancy.” 

Consent was sought from all patients for evacuation 
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Fig. 2. Percent of granulated mononuclear cells with at least one granule >1 pm. Group A, Controls 
(4,7). Geometric mean value + 1 SEM = 69.4% + 4.19% (n = 27). Three low values (V) were from 
areas with significant increase in numbers of polymorphonuclear leukocytes suggestive of early 
spontaneous abortion. Excluding these three gives a geometric mean + 1 SEM = 76.2% + 2.23%. 
Group B, Women with recurrent spontaneous miscarriage who had not received immunization (0) 
or had received paternal lymphocyte immunization (8), Mean + 1 SEM = 33.8% + 2.65% (n = 26; 
p< 9.05 compared with group A). The value of 81% represented a patient with a trisomy 22. 
Excluding this value gave a mean + 1 SEM = 31.9% + 1.94%. Group C, Sporadic abortions (@). 
Mean + 1 SEM = 46.5% + 8.4% (n = 6; p < 0.05 compared with control group A). 


of the uterus and uterine biopsy under ultrasono- 
graphic guidance from the region of the placental bed. 
With the patient under general anesthesia, the placen- 
tal site was determined by ultrasonography, the cervix 
was dilated with Hegar dilators, and cervical biopsy 
forceps was introduced through the cervical canal to 
the placental site under direct ultrasonographic guid- 
ance. Biopsy specimens including decidual tissue (de- 
cidual basalis and superficial myometrium) were taken 
from the thickest part of the placenta. There were no 
reported complications from the procedure. 

Material obtained was either fixed in Bouin’s solution 
for histologic study or placed in sterile normal saline 
solution for preparation of supernatant. Fetoplacental 
tissue was sent for chromosomal analysis. The fixed 
samples were paraffin embedded, sectioned at 4 wm 
and stained with phloxine-tartrazine for demonstration 
of intracellular granules.*** The slides were scored by 
two different observers (M. M. and D. A. C.) without 


knowledge of the clinical details. Large granulated lym- 
phocytes (all granules <1 um) and cells with large gran- 
ules (at least one granule =1 ym), as described else- 
where,® were counted on each slide. Since the biopsy 
sample was too small to permit disaggregation of the 
cells for immunologic studies, each sample was weighed 
and then incubated at 37° C for 48 hours in 1 ml RPMI 
1640 medium with antibiotics (100 ug/ml streptomycin, 
100 IU/ml penicillin) and 10% fetal bovine serum 
(Gibco).* The cell-free supernatant was then removed 
and stored at 4° C. The suppressor activity of the su- 
pernatant was tested at a 1:4 dilution for suppression 
of human lymphocyte proliferation. Briefly, sterile hep- 
arinized peripheral blood from one of the authors was 
centrifuged on Isopaque-ficoll (lymphocyte separation 
medium, density of 1.077) to isolate the mononuclear 
cells. Viable cells (2 x 10°) were incubated with or with- 
out test supernatant in replicate round-bottom culture 
wells (96-well plates, Linbro) in a total volume of 100 


412 Michel et al. 


August 1989 
Am J Obstet Gynecol 


Table I. Changes in cell count per slide in biopsy specimens of study population 








Cells with large 
granules 


Patient group 


Group A 
Log mean + 1 SEM* 
Geometric meant 
Group B 
Log mean + 1 SEM* 
Geometric meant 
Group C 
Log mean + 1 SEM* 
Geometric meant 


3.72328 + 0.18744 
41.4 12.1 


2.96527 + 0.217474 
19.4 38.9 


2.19722 + 0.574794 
9.0 18.5 





Large granular 
lymphocytes 


2.4932] + 0.17735 


3.66099 + 0.167584 


2.91777 + 0.203844 





group A, Termination of pregnancy; group B, recurrent spontaneous miscarriage (excluding patient with trisomy 22 in Fig. 1); 


group C, missed abortion. 


*Data were converted to natural logarithms for calculation of mean and SEM. I 
{Mean reexpresed arithmetically as the geometric mean (median). Í 


tp < 0.05 by Student's ¢ test, compared with control group A. 


l 


ul (minimum essential medium Eagle with alpha mod- 
ifcation, 10% fetal bovine serum [Gibco], and anti- 
biotics) for 48 hours with 10 pg/ml concanavalin A. 
tritiated thymidine was then added (25 ul, final con- 
centration | ~Ci/ml), and the following morning the 
labeled cells were harvested on glass fiber filters (Ska- 
tron cell harvester). The filters were dried and pro- 
cessed for liquid scintillation counting in a B-counter. 
The incorporation in counts per minute (aver- 
age + SEM) of four replicate wells was calculated, and 
percentage suppression determined by the formula: 


% Suppression = 


counts/min with test supernatant 
TOO Cis ae 
counts/min with medium 


No correction was made for background proliferation 
occurring in the absence of concanavalin A. Chromo- 
some analysis was not performed on fetoplacental tissue 
obtained from group A, but 32 samples were cultured 
from the other two groups. Thirteen samples failed 
to grow, and two (10.5%) were abnormal (trisomy 
47,XX + 22 and 47,XY + 20), both from group B. 
Chromosome analysis of both parents was normal. 

The significance of differences was determined by 
Student’s ¢ test. Log transformation was used where the 
data followed a log normal distribution. 


Results 


Cells with large granules were abundant in the de- 
cidua of successful pregnancy (Fig. 1, a). In contrast, 
large granulated lymphocytes were frequently seen in- 
filtrating the decidua of women in groups B and C (Fig. 
1, b). The percentage of granulated cells with large 
granules for each patient is shown in Fig. 2. It can be 
seen that the percentage of cells that had large granules 
was significantly lower in group B than in control group 
A. The cell population of one of the trisomies, trisomy 
22, was clearly in the normal range in contrast to those 


- of the other patients. Group C also showed a reduction 


in cells with large granules but the number of patients 
was small. 

To determine whether the percentage of cells with 
large granules had changed in aborting women as the 
result of a decrease in the number of cells with large 
granules or rather because of dilution from an increase 
in the number of large granular lymphocytes, we 
counted the number of each cell type per slide. There 
was considerable difference between patients in the to- 
tal number of granulated cells per slide. In part, this 
was due to variation in size of the biopsy specimen, but 
an even greater variation was noted among patients in 
frequency of granulated cells per microscopic field, 
most likely caused by sampling differences. In spite of 
this variability, when the geometric mean of number of 
cells with large granules per slide and the number of 
large granular lymphocytes (paired with cells with large 
granules) per slide were compared for each group of 
patients, some interesting information was obtained 
relevant to explaining the decreased percentage of cells 
with large granules. Where the relative frequency of 
cells with large granules dropped (in group B), it can 
be seen (Table I) that the number of cells with large 
granules decreased and number of large gramular lym- 
phocytes increased compared with group A (Le., the 
control group). Group C also showed a decrease in cells 
with large granules with a smaller increase in large 
granular lymphocytes. The latter was due in part to 
somewhat smaller biopsy specimens taken from these 
six patients. 

Suppressive activity in supernatants from the biopsy 
specimens is shown in Table II. The geometric mean 
weight was equivalent in groups A and B. Group C 
samples, as already described, were lighter. Superna- 
tants from group B (excluding one case of trisomy 22 
with the percentage of cells with large granules in the 
normal] range and 100% suppression) were significantly 
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Table II. Suppressor activity in supernatants of placental bed biopsy tissue (donors 7 
to 14 weeks’ gestation) 





Suppression of placental 








Patient group 


Specimen weight (mg) 


No. of 
Supernatanis 





bed biopsy tissue (%) 


Group > 17 
Mean + SEM* 4.85203 + 0.10545 4.27667 + 0.06176 
Geometric meant 128 72.0 

Group B > 13 
Mean + SEM* 4.84419 + 0.14954 3,88362 + 0.193084 
Geometric meant 127 48.6 

Group C . 5 
Mean + SEM* 4.41884 + 0.26950 4.08598 + 0.17974 
Geometric mean} 83 59.5 

All with abortion (groups B and C) 18 


Mean + SEM* 
Geometric meant 





4.71850 + 0.14255 - 


112 


3.93964 + 0.148344 
51.4 





The groups are the same as shown in Table I; the patient with trisomy 22 was omitted from group B. 


*Data were converted to natural logarithms for calculation of mean and SEM. 
+Mean reexpressed arithmetically as the geometric mean (median). 
Significantly less than the value in control group A. (p < 0.05 by Student's ¢ test). 


less suppressive than control (group A) specimens. 
Group C was less suppressive than control group A, 
but this difference did not reach statistical significance 
because of small numbers and lighter samples. 


Comment - 


The data in this paper show a decreased number of 
cells with large granules and an increase in large gran- 
ulated lymphocytes in placental bed biopsy specimens 
from women with incipient miscarriage. There was also 
a decrease in the suppressor activity in these women in 
comparison with the control group. Women with spo- 
radic miscarriage showed a similar pattern, but the 
numbers were.small. These data confirm earlier reports 
that a decrease in cells with large granules occurs in 
association with miscarriages.* Although we confined 
this study to miscarriages <14 weeks’ gestation, we have 
seen similar changes in granulated cell populations in 
women with gestational ages up to 20 weeks. 

There was a low percentage of cells with large gran- 
ules in three women presenting for termination of 
pregnancy. These changes were restricted to areas of 
the biopsy specimen showing focal necrosis, edema, and 
polymorphonuclear cell infiltration typical of biopsy 
specimens from women with incipient miscarriage. Low 
percentages of cells with large granules in biopsy spec- 
imens from women who are experiencing a miscarriage 
could be due to-inflammation, which might cause either 
a dilution by an increase in the number of large gran- 
ular lymphocytés or a decrease in the granule size re- 
lated to partial degranulation of the mononuclear cells. 

In the mouse, local suppressor cell activity, granu- 
lated small suppressor cells, and natural killer cell ac- 
tivity in decidua have been shown to require an im- 
planted embryo for induction. Natural killer, cell ac- 
tivity and immunosuppression also have been shown to 


be due to different cell populations on the basis of size 
and presence or absence of the asialoganglioside-G,,, 
activation marker.’ In human decidua, granulated 
mononuclear cells found near sites of cytotrophoblastic 
invasion as described by Bulmer and Johnson’ are phe- 
notypically similar to T-lineage lymphocytes but lack 
the classic surface markers of mature T cells. Tropho- 
blast cell products appear to activate suppressor func- 
tion of mononuclear cells in human endometrial- 
decidual tissue." 

Both suppressor cell activity and natural killer cell 
activity have been partially associated with granulated 
cells." It has been known for some time that HNK- 
1+ (Leu-7*) human cells (including classic natural killer 
cells) may be suppressive in vitro.'® However, cells bear- 
ing the. HNK-1 (Leu- 7) antigen are infrequent in first- 
trimester human decidua; the Leu-19* (NKH-1*) cell 
is present and may have both natural killer cell and 
suppressive activity." However, Leu-19* cells isolated 
by fluorescence-activated cell sorting do not seem to 
account for all of the suppressor cell activity.’ This 
is not entirely. surprising because both cells and 
functional activity may be lost to varying degrees with 
fluorescence-activated cell sorting.. Further, it has been 
shown in the murine system that there may be a large- 
sized suppressor cell population in addition to the gran- 
ulated small lymphocytic suppressor cells.! This may 
also,be true in humans.” Indeed it is not yet clear if 
cells with large granules are actually suppressor cells 
rather than a correlate of a decidua rich in suppressor 
factors. On the basis of murine data, we would not have 
expected classic natural killer cells (large granular lym- 
phocytes) (bearing Leu-7 and OKM1) to correlate with 
suppressor activity.” Classic natural killer cells might 
infiltrate at the time of abortion; alternatively the prop- 
erties of the Leu-19* Leu-7~ cells might change and 
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granule size decrease. Recently, Starkey et al.'? de- 
scribed three populations of granulated lymphocytes 
in human decidua: (1) Leu-19* CD16- (Fc receptor), 
CD2- (E-rosette receptor); (2) Leu-19* CD16~, CD2*; 
and (3) a population of CD16* Leu-19* cells similar to 
natural killer cells in peripheral blood (and biopsy spec- 
imens from our aborting patients, Fig. 1, b). The CD16* 
subset was larger and more granular, which is typical 
of large granular lymphocytes in peripheral blood. All 
of these cells lacked the CD5 marker of mature T cells 
and CD3 T-cell receptor. Whether cells with large gran- 
ules and large granular lymphocytes, as we have de- 
fined them, belong to the same lineage or different 
lineages, as defined by the above phenotypic markers, 
will ultimately be answered by isolating these cells and 
correlating their morphologic features with surface 
markers and function. 

It was interesting to find that one of the two trisomies 
in the group studied had a percentage of cells with large 
granules in the normal range and high suppressive ac- 
tivity. A similar phenomenon has been noted in mice 
with genetic abortion where the fetus died as the result 
of lethal effects of T/t locus genes.® It is tempting to 
speculate from our data that a decrease in total number 
of decidual suppressor cells and cells with large gran- 
ules is associated with miscarriage caused by “rejection.” 
Recent studies in aborting mice suggest that natural 
killer—like nonspecific effector cells may be involved in 
rejection and that the suppressive factor in decidual 
supernatants is closely related to transforming growth 
factor-B that blocks interleukin-2, interleukin-3, and 
interferon-y activation of nonspecific effector cells in- 
cluding lymphokine activated killer cells, natural killer 
cells, natural cytotoxic cells, and macrophages." Nat- 
ural killer cells, natural cytotoxic cells, and macro- 
phages produce tumor necrosis factor-a that can cause 
cytotoxic effects on tumor cells and the local vascular 
supply."® Immunization with paternal cells of women 
with a history of recurrent miscarriage may prevent 
miscarriage and boost local suppression. The women 
we studied, however, were those who had failed treat- 
ment. Immunization apparently had failed to increase 
the local suppressive activity in this subset of women 
with recurrent miscarriage. 

Defective hemochorial placentation as a result of in- 
adequate trophoblast invasion of decidua also has been 
associated with miscarriages and is not necessarily 
linked to fetal chromosomal abnormaility."* It will be im- 
portant to determine if a decrease in the number of cells 
with large granules and suppressive activity also corre- 
lates with inhibition of trophoblastic invasion by tumor 
necrosis factor-a or related toxins in aborting women, 

Biopsies of uterine decidua from the placental bed 
could give useful information regarding whether preg- 
nancy failure is caused by failure of the trophoblast or 
rather is a result of genetic fetal death. The cellular 
and molecular basis. for protection by loca] suppressor 
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cells and factor is now under further investigation and 
should lead to further understanding of the mechanism 
of pregnancy failure and how immunotherapy may res- 
cue a potentially “doomed” embryo. 
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Randomized trial of diet versus diet plus cardiovascular 
conditioning on glucose levels in gestational diabetes 


Lois Jovanovic-Peterson, MD, Eric P. Durak, MSc, and Charles M. Peterson, MD* 


Santa Barbara, California, and New York, New York 


We studied the impact of a training program on glucose tolerance in gestational diabetes mellitus. Women 
with gestational diabetes mellitus {N = 19) were randomized into either group |, a 6-week diet alone group 
(24 to 30 keal/kg/24 hours; 20% protein, 40% carbohydrate, 40% fat), or group Il, which followed the 
same diet plus exercise (20 minutes three times a week for 6 weeks). An arm ergometer was used to 
maintain heart rate in the training range. Glycemic response was monitored by glycosylated hemoglobin, a 
50 gm oral glucose challenge with a fasting and 1-hour plasma glucose, and blood glucose self- 
monitoring, fasting and 1 hour after meals. Week 1 glycemic parameters were the same for both groups. 
Week 6 data (mean + SD) were as follows: group | glycosylated hemoglobin, 4.7% + 0.2% versus group 
Il, 4.2% + 0.2%; p < 0.001. The group | glucose challenge fasting value was 87.6 + 6.2 versus 

70.1 + 6.6 mg/dl, p< 0.001 for group Il. The group ! 1-hour plasma glucose challenge result was 

187.5 + 12.9 mg/dl versus 105.9 + 18.9 mg/dl for group Il, p < 0.001. The glycemic levels diverged 
between the groups at week 4, We conclude that arm ergometer training is feasible in women with 
gestational diabetes mellitus and results in lower glycosylated hemoglobin, fasting, and 1-hour plasma 
glucose concentrations than diet alone. Arm ergometer training may provide a useful treatment option for 
women with gestational diabetes mellitus and may obviate insulin treatment. (AM J OBSTET GYNECOL 


1989;161:415-9.) 


Key words: Gestational diabetes, exercise, glucose tolerance, pregnancy, arm ergometry 


Gestational diabetes mellitus is the most common 
medical complication of pregnancy. Current manage- 
ment consists of diet and careful monitoring of fasting 
and postprandial glucose levels. The goal of therapy is 
maintenance of euglycemia. When euglycemia is not 
achieved by diet alone, insulin therapy is recom- 
mended.' Gestational diabetes mellitus is considered in 
part to be a disease of glucose clearance, although it 
has been shown that this disorder is a heterogeneous 
entity.” Initiation of insulin therapy per se is palliative, 
but does not address the primary defect(s) that may 
include hyperinsulinemia. Rather, treatment modalities 
that overcome a peripheral resistance to insulin such 
as sulfonylurea treatment or exercise might be pref- 
erable. Although the sulfonylurea agents are reported 
to increase insulin sensitivity, these agents are con- 
traindicated for use in gestational diabetes in the 
United States.‘ 

Cardiovascular conditioning exercise facilitates glu- 
cose utilization inter alia by increasing insulin binding 
to and affinity for its receptor” Although exercise dur- 
ing pregnancy has been gaining acceptance;' it remains 
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controversial.’’* Specifically, maternal exercise on a bi- 
cycle ergometer has been associated with fetal brady- 
cardia.” '' Therefore we designed a study that used arm 
ergometry, which has not been associated with either 
uterine activity or fetal bradycardia,'® to evaluate the 
impact of a training program on glucose tolerance in 
gestational diabetes mellitus. 


Material and methods 


Subjects and study design. All women gave in- 
formed witnessed consent for the studies that were ap- 
proved by appropriate institutional review. Table I 
characterizes the study population and infant outcome. 
Twenty untrained women with gestational diabetes di- 
agnosed according to standard protocol’ (Table I) were 
recruited. One woman was dropped from the study 
because she was found to have placenta previa and 
therefore could not be entered. Thus 19 women were 
randomized into two groups by drawing a number 
(group I or group II). The randomization process re- 
vealed that the peak plasma glucose response at 1 hour 
after a 50 gm glucose load was not significantly differ- 
ent in the two groups at the start of the program, 
whereas the peak l-hour plasma glucose in group I on 
the 100 gm glucose tolerance test was significantly lower 
than in group II (Table I). The 50 gm glucose test with 
a fasting and l-hour plasma glucose level will be re- 
ferred to in this paper as the glucose challenge test. 

Each woman was instructed to perform blood glucose 
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Table I. Clinical characteristics of nineteen study women and infant outcome 
































Glucose tolerance test at 28 wk (mg/dl) | Infant Maternal 
; Maternal weight at 
Patient Birth weight age C-peptide time of 
No. 3 hr (gm) (pmol/ml) GTT (kg) 
Group 
I 
1 90 199 168 115 3440 F 27 >3.00 67 
2 85 207 169 133 3000 M 34 1.95 68 
3 81 290 198 160 3100 F 32 2.75 93 
4 90 191 168 152 4000 M 36 >3.00 82 
5 107 223 185 162 3760 M 28 >3.00 70 
6 98 217 168 148 3520 F 29 1.87 73 
7 86 192 184 168 3370 M 31 2.43 79 
8 85 201 190 145 3820 F 31 2.75 74 
9 94 272 201 162 3170 F 32 >3.00 72 
Mean 221.3 Mean 3465 Mean 31.1 Mean 75.3 
SD 35.7 SD 343 SD 2.8 SD 8.2 
Group 
I] 
l 93 275 201 182 3560 F 27 >3.00 64 
2 95 293 240 128 3212 M 26 >3.00 98 
3 87 299 270 165 3473 F 29 1.95 82 
4 106 282 180 120 3870 F 29 2.71 84 
5 102 215 ‘169 148 4000 M 31 2.53 87 
6 87 275 170 122 3980 F 30 >3.00 72 
7 84 263 172 117 3900 M 27 2.10 71 
8 97 259 164 148 3127 M 30 1.98 73 
8 98 245 187 136 3771 F 34 >3.00 79 
10 102 229 192 108 3443 M 32 >3.00 74 
Mean 263.5 Mean 3634 Mean 29.5 Mean 78.4 
SD 27.2 SD 317 SD 2.5 SD 9.7 
p = 0.01* p = 0.282* p = 0.203* p = 0.471* 


GTT, glucose tolerance test. 
*Group I versus group II. 


self-monitoring four times daily (before breakfast and 
1l hour after each meal). Each week all subjects were 
seen by a physician. Insulin was to be initiated if the 
fasting plasma glucose level rose higher than 105 
mg/dl’ and/or the 1-hour postprandial plasma glucose 
level was > 140 mg/dl.” Serial evaluation of the glucose 
challenge test included a fasting plasma glucose, a 50 
gm oral glucose load, and a l-hour plasma glucose 
study. Plasma glucose was obtained by venipuncture 
and analyzed by the glucose oxidase method. The glu- 
cose challenge test was performed before and after the 
6-week protocol. A fasting C-peptide specimen was 
drawn with the fasting plasma glucose determinations. 

Group I was managed for 6 weeks with a standard 
diet that consisted of 40% carbohydrate, 20% protein, 
and 40% fat calculated at 24 to 30 keal/kg/24 hours 
present pregnant weight divided into three meals and 
three snacks. These women did not participate in any 
structured exercise program. Weekly questionnaires re- 
vealed that their only form of exercise was cleaning, 
shopping, and “running after toddlers.” Group II re- 
ceived the same diet and participated in an exercise 
program of 6 weeks’ duration that consisted of 20 min- 
utes of supervised aerobic training on an arm ergo- 
meter (UBE-Cybex Fitness, Ronkonkoma, N.Y.). Six 


women exercised in the afternoon, between 4 PM and 
5 PM (3 hours after the last meal) and four of the women 
exercised in the morning between 10 and 11 am (3 
hours after breakfast). These times were chosen be- 
cause the blood glucose levels in the diet alone group 
were stable and comparable at these time points. 

The patients were monitored for 20 minutes of car- 
diovascular work during which they maintained their 
target heart rate," which was calculated to be equal to 
(220 — age in years) x 70% unless this heart rate ex- 
ceeded 140 beats/min; then 140 beats/min was the tar- 
get heart rate.® As each patient adapted to her workload 
in terms of perceived exertion and heart rate, the work- 
load (or resistance) (kg X meters X min~') was in- 
creased or decreased by 10% to 20%; thus maternal 
heart rate was maintained in the training range. The 
exercise session never exceeded 50% maximal oxygen 
consumption (VO; max) in any case. Fifty percent oxygen 
consumption was estimated based on our previous work 
that related maternal heart rate in beats/min to the Vos 
at steady state utilizing a metabolic cart (Beckman 
model S/N 614, D/N 11265, Fullerton, Calif.).” Blood 
glucose levels were measured before and after each 
exercise session. In over 150 sessions of exercise with 
the arm ergometer with pregnant women, no fetal 
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Table II. Group I data before and after 6-week dietary program 














Plasma glucose before diet 





Plasma glucose 6 wh after diet 




















Patient 1 hr after 50 gm oral glucose 
No. (mg/dl) 
l 92 194 
2 105 195 
3 110 215 
4 117 257 
5 105 285 
6 98 247 
7 82 205 
8 79 240 
9 92 195 
Mean 97.8 225.8 
SD 12.7 32.8 

l p = 0.048 


1 hr after 50 gm oral glucose 
(mg/dl) 











90 174 
94 179 
98 168 
82 184 
80 190 
92 210 
82 192 
87 192 
84 199 
87.6 187.5 
6.2 12.9 
p = 0.005 




















Plasma glucose after 6 wh of training 

























Patient 1 hr after 50 gm oral glucose 1 hr after 50 gm oral glucose 

No. (mg/d) Fasting (mg/dl) 

1 90 240 60 88 

2 95 270 70 77 

3 110 195 64 105 

4 120 210 77 103 

5 120 220 82 142 

6 95 240 74 118 

7 102 197 69 88 

8 98 276 73 110 

9 90 247 65 123 

10 104 213 67 105 
Mean 100.4 230.8 70.1 105.9 
SD 9,3 28.5 6.6 18.9 

p = 0.000 
$ = 0.000 





bradycardia or uterine activity has been observed. The 
caloric expenditure associated with this form of exer- 
cise is equal to the expenditure on a bicycle ergometer 
at the same heart rate for the same duration, provided 
that the test method utilizes the same muscle groups 
trained by the regimen." 

Laboratory evaluation. The plasma glucose level was 
measured by glucose oxidase (Yellow Springs Instru- 
ments, Yellow Springs, Ohio). Glycosylated hemoglobin 
was analyzed by high-pressure liquid chromatogra- 
phy. The normal range for glycosylated hemoglobin 
in pregnancy is 3.5% to 4.5%, and the mean glycosy- 
lated hemoglobin is 4.0 + 0.250, based on 100 preg- 
nant women who had normal glucose tolerance tests. 
C-peptide was analyzed by radioimmunoassay accord- 
ing to the manufacturer’s instructions (Novo Biolabs 
Antiserum M1221, Bagsverd, Denmark). The normal 
range in pregnancy is 0.5 to 2.0 pmol/ml. 

Fetal heart rate and uterine activity were measured 
continuously for 10 minutes before, during, and after 





exercise with a fetal monitor (Corometrics model 111 
fetal monitor, Wallingford, Conn.). Uterine activity was 
expressed as a percent of total exercise time (minutes 
of contraction/total minutes of exercise X 100). A 
contraction was defined as a tocometer deflection 
>15 mm Hg above baseline. 

Statistical analysis. Statistical analysis used the 
STATWORKS program on the Macintosh PC. Paired 
or unpaired ¢ tests were used to analyze the data as 
appropriate. All mean values are expressed as + 1 SD. 


Results 


Groups I and II did not differ (Table I) in maternal 
age (31.1 + 2.8 vs. 29.5 + 2.5 years, p = 0.203), ma- 
ternal weight at the start of the program (75.3 + 8.2 
vs. 78.4 + 9.7 kg, p = 0.471), maternal C-peptide level 
(range 1.87 to 3.0 vs. 1.95 to 3.0 pmol/ml), gestational 
age at delivery (range 39.4 to 40.0 vs. 39.5 to 40.5 
weeks), neonatal birth weight (3465 + 343 vs. 3634 + 
317 gm, p = 0.282), or gender of the infants (5 females 
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Fig. 1. Weekly mean fasting blood glucose (milligrams per deciliter) of blood glucose self-monitored 
results from week | to week 6 of protocol. Closed circles (@) represent mean values for group I (diet 
alone) and open circles (O) represent group H (diet and exercise). Asterisk signifies significance of 


p < 0.001. 


vs. 5 females). The l-hour plasma glucose value on the 
diagnostic glucose tolerance test did differ between the 
groups: group I, 221.3 + 35.7 vs. group II, 263.5 + 
27.2 mg/dl (p = 0.01). 

Despite the difference in the diagnostic glucose tol- 
erance test results, at the beginning of the protocol 
groups I and II had equivalent 1-hour blood glucose 
responses (Tables lI and III) to a glucose challenge 
test (group I = 225.8 + 32.8 mg/dl vs. group H = 
230.8 + 28.5 mg/dl, p = NS). After 6 weeks, the mean 
1-hour glucose response in group I on the glucose chal- 
lenge test was 187.5 = 12.9 mg/dl compared with the 
women in group II, who had a mean 1-hour response 
of 105.9 + 18.9 mg/dl (p < 0.001, group I vs. group 
I). Group I did improve their 1-hour glucose response 
to a challenge with the program of diet alone (initial 
vs. final p = 0.005) but the mean 1-hour glucose re- 
sponse on the glucose challenge test was still greater 
than the current cutoff for the initial screening 
value for the diagnosis of gestational diabetes of 140 
mg/dl! (Table II). 

The chronic effect of exercise on hepatic glucase 
output was reflected by the fasting plasma glucose levels 
on the glucose challenge tests before and after the 6- 
week protocol. The mean fasting plasma glucose value 
in group I was 97.8 + 12.7 mg/dl during the first glu- 
cose challenge test and 87.6 + 6.2 mg/dl on the glucose 
challenge test after 6 weeks of diet alone (p = 0.043). 
The mean initial fasting plasma glucose value on the 
glucose challenge test in group II was 100.4 + 9.3 
mg/dl (p = 0.478 group I vs. group II). After 18 tra:n- 
ing sessions, the mean final fasting plasma glucose on 
the glucose challenge test performed between 15 to 45 
hours after the eighteenth session for group II was 
70.1 + 6.6 mg/dl (p < 0.001 initial fasting plasma g-u- 
cose in group II vs. the final). The mean fasting plasma 
glucose on the final glucose challenge test in group II 
was also significantly lower than the final value for 
group I (p < 0.001). 

The glycosylated hemoglobin level improved in beth 


groups. In group I the mean initial glycosylated he- 
moglobin value was 4.86% + 0.39%; after 6 weeks this 
level fell to 4.67% + 0.25% (p = 0.01). In group II the 
initial glycosylated hemoglobin value was 4.83% + 
0.33%, which fell to 4.16% + 0.28% (p < 0.001). The 
glycosylated hemoglobin values for the two groups 
were not different at the start ( = 0.75) but there was 
a significant difference (p < 0.001) after 6 weeks. 

To determine the time course of the glucose changes 
in group I and group II, the daily blood glucose self- 
monitoring of fasting values for each group were eval- 
uated (Fig. 1). By 4 weeks of the protocol, the mean 
fasting blood glucose for group II (75.8 + 5.8 mg/dl) 
diverged significantly (p < 0.001) from that of group 
I (93.1 + 6.5 mg/dl). The postprandial glucose levels 
on self blood glucose monitors in group I were higher 
than those of group II at the 6-week point (136 + 10 
mg/dl vs. 112 + 10 mg/dl, p < 0.01). 

The 10 women who trained (group II) showed a 
continuing and significant change in glucose response 
to exercise. On the first day of the training program, 
the mean glucose decrement during exercise expressed 
as a percent was 8.4% + 3.0%. During the eighteenth 
and final training session, the mean decrement was 
29.8% + 8.0% (p < 0.001, initial vs. final percent de- 
crease associated with a training session). 

There were no episodes of fetal bradycardia or uter- 
ine activity noted during any exercise session. No ep- 
isodes of hypoglycemia (blood glucose <60 mg/dl) oc- 
curred in the study population. None of the 19 women 
in group I or group II required insulin. Of note, the 
woman with gestational diabetes who was dropped 
from the study and who was placed on strict bed rest 
as a result of placenta previa, did require insulin. All 
19 infants born to this study were healthy, term neo- 
nates with no signs of morbidity. 


Comment 


Our study documents that women with gestational 
diabetes can train with arm ergometry and that such a 
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program of cardiovascular conditioning exercise results 
in lower levels of glycemia than a program of diet alone. 
The effects of exercise on glucose metabolism became 
apparent after 4 weeks of. training and appeared to 
impact hepatic glucose output (as reflected by fasting 
glucose levels), glucose clearance (as reflected by glu- 
cose values after a 50-gm oral glucose challenge), and 
mean blood glucose (as reflected by glycosylated he- 
moglobin values). These combined observations would 
be consistent with a long-term effect of exercise rather 
than a short-term effect from individual sessions. The 
important question of the duration of a training effect 
on glucose metabolism in women with gestational di- 
abetes was not addressed in this study. 

Our observations appear contrary to the results in 
the literature asserting that the natural progression of 
glucose intolerance during gestation is deterioration 
with increasing gestational week” and that walking ex- 
, ercise in type I insulin-dependent diabetic pregnant 
women is associated with no improvement.” However, 
neither of the above studies addressed the issue of ges- 
tational diabetes with its unique problems of glucose 
homeostasis. 

The implications of our study for the health care of 
women with gestational diabetes remain to be deter- 
mined. Compliance with the protocol was 100% and 
there was no maternal or infant morbidity associated 
with the training program in this small series. Our re- 
sults also imply that a cardiovascular conditioning pro- 
gram might obviate insulin treatment in many women 
with gestational diabetes. Therefore the economic and 
health care implications of these observations warrant 
further testing. 
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Thrombosis prophylaxis in pregnancy with use of 


subcutaneous heparin adjusted by monitoring heparin 


concentration in plasma 


Thomas C. Dahlman, MD, Margareta S. E. Hellgren, MD, and Margareta Blomback, MD 


Stockholm, Sweden 


Twenty-six pregnant women were given prophylactic heparin treatment because of previous 
thromboembolic complications. The mean duration of treatment was 25 weeks (range, 6 tc 32 weeks). The 
amount of heparin was adjusted toa plasma concentration of 0.08 to 0.15 IU/ml, measured as anti—factor 
Xa activity. This effect was compared’ with that on activated partial thromboplastin time. The average dose 
was 16,400 1U/24 hours or 225 IU/kg of body weight per 24 hours. When the plasma concentration was 
within the stipulated range, the dose was 234 IU/kg of bocy weight/24 hours. No significant prolongation 
of activated partial thromboplastin time was found in two ttirds of the samples. Blood coagulation was 
either not activated or only slightly activated, as verified by a low level of fibrinopeptide A. Platelet counts 
and antithrombin Ill levels were generally not depressed. No thromboembolic complications occurred 
during the pregnancies or puerperium. Bleeding during delivery was not increased. No fractures of the 
spine caused by osteoporosis were found on radiologic examination post parturn. (AM J OBSTET GYNECOL 


1989;161:420-5.) 


Key words: Pregnancy, thrombosis prophylaxis, heparin concentration, activated partial 


thromboplastin time, antithrombin III, fibrinopept:de A 


The incidence of thromboembolic complications in 
pregnancy is about 1 in 1000.'* About twice the inci- 
dence is found in the puerperium.” A previous history 
of thromboembolic complications is considered to give 
a risk of new thromboembolic complications in preg- 
nancy of about 1 in 10.*> Today we treat such women 
with prophylactic heparin treatment during pregnancy 
and the puerperium.’ This has also been the policy of 
others.* °* 
tion of long-term heparin treatment. ** Whether the 
incidence of osteoporosis is related to the amount of 
heparin given or to the duration. of treatment is- not 
fully understood. The effect of heparin on blood zo- 
agulation has to be measured in some way because the 
effect of a given dose varies among patients. This effect 


Osteoporosis is a rare but feared complica- 


can be evaluated by measurement of the activated par- 
tial thromboplastin time, the heparin concentration as 
anti—factor Xa activity, and the level of fibrinopept:de 
A.°° The sensitivity of activated partial thromboplastin 
time to small doses of heparin used as prophylaxis 
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against thromboembolic complications is low. However, 
when heparin is measured as anti— factor Xa activity, 
an anticoagulant effect can be detected at a level as low 
as 0.02 IU/ml plasma." During prophylactic heparin 
treatment, a concentration of héparin of approximately 
0.1 IU/ml has been consideréd satisfactory, baséd on 
results obtained with subcutaneous low-dose heparin. 
In this study the heparin dose has been adjusted by 
determining the anti—factor Xa activity as measured 
with chr omogenic substrate S-2222. The fibrinopeptide 
A level was analyzed to detect abnormal activation of 
the blood coagulation. Antithrombin III levels and 
platelet counts previously have been reported to de- 
crease during heparin treatment.” '* * Therefore these 
variables were also monitored. Our purpose was to de- 


‘termine whether the heparin dosage could be kept low 


with a measurable anticoagulant effect of heparin, ad- 
justed according to the anti—factor Xa activity, without 
activation of blood coagulation or rethrombosis. 


Patients and methods 

Twenty-six women with a previous history of 
thromboembolic complications were given prophylaxis 
against new thromboembolic complications in connec- 
tion with pregnancy and the puerperium. The study 
was approved by the Ethics Committee of Karolinska 
Hospital. No patient with prophylaxis because of a 
markedly increased risk of thromboembolic complica- 
tions (e.g., as a result of artificial heart valves or con- 


Volume 161 
Number 2 


Thrombosis prophylaxis in pregnancy 421 


Table I. Previous thromboembolic complications, contributing factors, and location 














Location 
Popliteal vein 1 (1) 
Femoral vein 1 (1) — 
Hiac vein 4 (3) 1 (0) 
Pulmonary embolism — 2. 
Transient ischemic attacks 5 — 
TOTAL : 11] 3 





Contributing factor 


Oral 


l (0) 2 (2) 4 (3) 
2 2) — 7 (5) 
i = 4 
5 = — 5 
7 2 3 26 


Figures within parentheses denote number of left venous thromboses (13/17). 


genital antithrombin IH deficiency) was included in the 
study. The mean age was 28 years (range, 19 to 42). 
The mean pregestational weight was 65 kg (range, 51 
to 108), and the average increase of weight during 
pregnancy was 11 kg (range, 4 to 21). Eleven patients 
were nulliparous, 11 were primiparous, and four were 
secundiparous. Nine of the 26 women were smokers. 
Nineteen of the patients breast-fed their infants for 
longer than 6 weeks. One did not breast-feed. As shown 
in Table I, 11 women had thromboembolic complica- 
tions during pregnancy, 3 in the puerperium, 7 when 
taking oral contraceptives, and 2 after operation. In 
three women no obvious reason for thromboembolic 
complications was found. The location of thromboem- 
bolic complications s also shown in Table I. 
Thromboprophylaxis was provided in the form of 
unfractionated standard sodium heparin prepared 
from pig intestinal mucosa (Kabi AB). The patients 
injected themselves subcutaneously in the thigh or 
the hip every 12 hours during pregnancy. The 
plasma volume increases and hemostasis is changed 
during pregnancy in such a way that the need for hep- 
arin to achieve the same anticoagulant effect varies dur- 
ing different gestational periods.’ '* Furthermore, 
there is currently no ideal method for measuring an- 
tithrombotic effects of heparin, but there are sensitive 
methods for analyzing the anticoagulant effect. There- 
fore we chose to measure the anticoagulant effect to 
give the same treatment early and late during preg- 
nancy, if possible. The dosage of heparin was adjusted 
to a plasma concentration (determined as the anti— 
factor Xa activity) corresponding to 0.08 to 0.15 
IU/ml measured 3 hours after the morning dose of 
heparin because subcutaneous heparin reaches its max- 
imum level in pregnant women 2 to 3 hours after in- 
jection. t Heparin treatment was usually started early 
in pregnancy (mean, thirteenth week; range sixth to 
thirty-first week). During labor heparin was given in 
small doses (initially 5000 IU subcutaneously and then 
2500 IU subcutaneously every 8 hours until parturi- 
tion) in 20 patients. Dextran 40, 500 ml twice with 
4-hour interval, was given after administration of a hap- 


ten to dextran (Promiten, Pharmacia, Uppsala) to the 
other six patients.’ After delivery the amount of hep- 
arin was either 10,000 or 15,000 IU/24 hours, de- 
pending on the need for heparin before delivery. Hep- 
arin treatment was discontinued 6 weeks after delivery, 
when blood coagulation is generally normalized." 
Blood loss was measured by volumetric measurements 
of shed blood and by grossly estimating the blood in 
gauzes. 

On the fifth day post partum, all patients were Ex- 
amined by x-ray of the spine and hip to exclude osteo- 
penia and compression fractures as a result of heparin- 
induced osteoporosis. Thirty matched normal women 
were examined at the same time and served as control 
subjects. The films were later mixed and judged by one 
experienced radiologist in this field without knowledge 
of the history of the individuals. 

Blood samples were drawn by venipuncture approx- 
imately 3 hours after the morning dose of heparin. The 
sampling and analyses were performed approximately 
every fourth week until the thirtieth week of pregnancy, 
every second week until the thirty-sixth week, and 
thereafter every week until delivery. If the heparin dos- 
age had to be changed, sampling was repeated within 
a week of the adjustment. 

Platelet counts were measured by means of an au- 
tomatic counter. The blood was centrifuged for the 
remainder of the analyses. Activated partial thrombo- 
plastin time was immediately analyzed according to the 
manufacturer’s directions (Nyegaard, Oslo; reference 
value <35 seconds). The remaining plasma sample was 
kept frozen at —70° C until analyzed. The heparin 
concentration was measured within 3 to 4 days as anti— 
factor Xa activity with the chromogenic peptide sub- 
Strate S-2222 (Kabi AB)." Fibrinopeptide A (a small 
peptide that splits from fibrinogen when attacked by 
thrombin to form fibrin) was measured by radioim- 
munoassay.'* The reference value for fibrinopeptide in 
our laboratory for nonpregnant women is <2 ng/ml, 
0.8 and 
2.5 + 1.4 ng/ml respectively.” Antithrombin III was 
measured with the chromogenic peptide substrate S- 


and in early and late pregnancy 1.7 + 
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Table II. Amount of heparin administered, APTT, and FPA when heparin concentration is within 
stipulated range (0.08 to 0.15 IU/ml plasma) during pregnancy 

















Patients within range 





Week of pregnancy (n of total) (mean + SD) 
<I6 6/15 228 + 28 
16-20 10/22 238 + 26 
21-25 22/25 245 + 35 
26-30 20/25 245 + 40 
31-35 20/26 230 + 44 
36 11/17 214 + 28 
37 9/20 234 + 26 
38 7/14 233 + 29 
39-40 4/1] 191 + 38 


Reference value (normal pregnancy) 


Heparin amount 
U/kg 24 hr) 













Heparin concentration 
(TU/ ml) 
(mean + SD) 






APTT (sec) 
(mean + SD) 


FPA (ng/ml) 
(mean + SD) 





0.10 + 0.01 86+ 3 1.6 + 0.8 
0.11 + 0.02 38 +5 2.2 + 1.2 
0.11 + 0.02 36 +5 2.4 + 1.1 
0.11 + 0.02 37 +5 2.74 1.4 
0.11 + 0.02 38 + 5 1.9 + 0.8 
0.11 + 0.01 37 +6 1.9 + 0.8 
0.11 + 0.02 40 +7 214 1.1 
0.11 + 0.03 38 +5 3.5 + 2.6 
0.10 + 0.02 39 +7 3.9 + 24 
0 <35 <4 











*APTT, Activated partial thromboplastin time; FPA, fibrinopeptide A. 


Table III. Percentage of total number of 
patients within and outside stipulated range of 
heparin during different periods of pregnancy 







Percentage of total patients 
(heparin concentration, IU Iml; 






Week of 
pregnancy 


Total no. 
of patients 










<16 15 53 40 o7 
16-20 22 41 45 14 
21-25 25 8 88 4 
26-30 25 8 80 12 
31-35 26 8 77 15 
36 ` 17 6 65 29 
37 20 35 45 20 
38 14 29 50 
39-40 11 18 36 46 





* Stipulated range. 


2238 (Kabi AB).'® The reference value (mean + SD) 
for pregnant women does not differ from that of 
nonpregnant young women (103% + 11% of nor- 
mal; n = 40). All analyses were performed in dup- 
licate. 

Statistical analysis. The variability in the amount of 
heparin needed to achieve an adequate anticoagulant 
effect during different periods of pregnancy was stud- 
ied by analysis of variance. A p value <0.05 was con- 
sidered significant. 


Results 

No clinical thromboembolic complications occurred 
during pregnancy, parturition, or the puerperium. 

No case of vertebral fracture was found on radiologic 
examination on the fifth day post partum. Four of the 
26 heparin-treated patients, but none of 30 controls, 
were considered osteopenic. These findings are in- 
cluded in a more extensive study, which is under com- 
pilation. 

There was one intrauterine death at 38 weeks’ ges- 
tation. No specific explanation was found. The other 


26 infants (one pair of twins) were healthy. The birth 
weights of the infants were appropriate for gestational 
age. The mean weight was 3190 gm (range, 2280 to 
5300 gm). Most infants were delivered in week 38 of 
pregnancy (range, 36 to 41 weeks). Labor was induced 
in 17 of 26 pregnancies with a ripe cervix to avoid 
spontaneous labor before heparin reduction. The mean 
week of induction was the thirty-ninth week (range, 37 
to 41). In one case an elective cesarean section was 
performed because of placenta previa marginalis. All 
other women were delivered vaginally. Bleeding during 
delivery averaged 320 + 230 ml (mean + SD). Three 
patients lost >600 ml of blood. In one patient the blood 
loss was 1100 ml because of uterine atonia. The patient 
delivered by cesarean section had a blood loss of 800 
ml. The third patient lost 700 ml of blood for unknown 
reasons. All three had normal activated partial throm- 
boplastin times before delivery. 

The average duration of heparin treatment was 25 
weeks (range, 6 to 32). The total mean dose given per 
24 hours was 16,400 IU (range, 13,000 to 23,000) or 
225 IU/kg body weight per 24 hours (range, 190 to 
250 IU/kg body weight per 24 hours). The average 
heparin dosage, the number of patients within the stip- 
ulated plasma concentration range during different 
weeks of pregnancy, the heparin concentration, the 
mean activated partial thromboplastin time, and the 
mean fibrinopeptide A level are shown in Table II. 
When the plasma heparin concentration was within the 
stipulated range, the mean dose was 234 IU/kg body 
weight/24 hours (range, 191 to 245 IU/kg body weight 
per 24 hours; Table II). In early pregnancy the average 
heparin dose needed to achieve the stipulated antico- 
agulant effect was 228 IU/kg body weight per 24 hours 
(Table Il). Thereafter, the need for heparin increased 
to a maximum between weeks 21 and 30. The patients 
then required on average 245 IU/kg body weight per 
24 hours (Table IH). During the remaining weeks of 
pregnancy, the need of heparin decreased, but not sig- 
nificantly. The total changes in need for heparin in 
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25 30 35 40 


Weeks of pregnancy 


Fig. 1. Amount of heparin given during pregnancy (mean + SD) during 5-week intervals. (For 


number of patients, see Table IL.) 


Table IV. Different ranges of APTT and the corresponding heparin concentrations 








APTT (sec) 


Heparin concentration (IU/ml) 


os007 | oooi | 0160.6 
0 0 5 10 10 






>49 25 
40-49 l 10 43 ll 17 82 
36-39 6 7 30 5 l 49 
31-35 11 29 59 2 1 102 

<31 10 12 14 2 0 38 

TOTAL 28 58 151 30 29 296 








Figures denote number of samples. 





APTT, Activated partial thromboplastin time (reference value, <35 seconds). 


relation to gestational age were significant (p < 0.025, 
analysis of variance; Table II). The need for heparin 
is plotted and demonstrated in Fig. 1. A tendency to- 
ward longer activated partial thromboplastin times was 
noted as pregnancy proceeded, although the heparin 
concentration was kept constant. ‘Table IH shows that 
the most striking effects are insufficient treatment in 
the beginning of pregnancy (53% of the patients) and 
too high a dose at the end of pregnancy (46%). From 
the twenty-first to the thirty-fifth week of pregnancy, 
there was less need to change the heparin dose in the 
individual patient (Table II). The activated partial 
thromboplastin times and heparin concentrations are 
compared in Table IV. Of the 151 samples that were 
within the stipulated range (heparin concentration, 


0.08 to 0.15 IU/ml plasma), 103 (68%) did not have a 
significantly prolonged activated partial thromboplas- 
tin time (i.e., >5 seconds longer than the upper normal 
limit). 

The platelet count was monitored during the entire 
pregnancy and there was no depression during heparin 
prophylaxis. The mean level before heparin in the be- 
ginning of pregnancy was 189 + 53 x 10°/L, 1 week 
later the level was 263 + 60 x 10°/L, and at the last 
sampling (an average of 5 days before delivery), 252 + 
80 x 10°/L. In no patient was temporary throm- 
bocytopenia observed. 

No depression of mean antithrombin III was found 
during heparin treatment. The mean level before the 
start of heparin treatment (mean, week 13) was 93% + 
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10% of normal (n = 15) and the mean level before 
delivery was 94% + 15% of normal (n = 26). Never- 
theless, 32 of 289 samples were <80% of normal. Four 
patients had a single value <70% of normal. In three 
of 26 patients, low values (<80% of normal) were found 
in more than half of the samples. Two of the patients 
had values <70% of normal before delivery and had 
plasma substitution. 


Comment 


In an earlier study of pregnant women with previous 
thromboembolic complications, we used the activated 
partial thromboplastin time to monitor heparin admin- 
istration. We then attempted a prolongation of 5 to 10 
seconds above the upper normal range of activated 
partial thromboplastin time 3 hours after injection, 
during thrombosis prophylaxis. The mean amount of 
heparin given was then 25,000 IU/24 hours, divided 
into two doses. Because two of those patients had mul- 
tiple fractures of the spine as a result of osteoporosis, 
we wanted to determine if a lower dose was sufficient 
to protect the women against thromboembolic compli- 
cations. In this study we sought to keep the dose as low 
as possible and still have a measurable amount of hep- 
arin in plasma, without rethrombosis and concurrently 
reducing the risk for fractures of the spine. No throm- 
boembolic or bleeding complications or fractures of the 
spine were observed in this study. The mean heparin 
dose was 16,400 IU/24 hours when the concentra- 
tion of heparin was maintained at approximately 0.1 
IU/ml. The results suggest that this low-dose heparin 
treatment is sufficient for protection against throm- 
boembolic complications. Whether such a low dose 
might reduce the risk of heparin-induced osteoporosis 
will be evaluated in a more extensive study currently 
under compilation. 

When a low dose of heparin is used, the activated 
partial thromboplastin time does not provide accurate 
monitoring of the heparin treatment. We therefore 
wanted to use a more sensitive and quantitative method 
in this study. The amount to be injected was therefore 
determined by the heparin level, measured as anti- 
factor Xa activity with a chromogenic substrate method, 


which has also been shown to reflect the antithrombotic | 


effect.” *! Our goal was to maintain the heparin peak 
level at approximately 0.1 1U/ml (for practical reasons, 
within the range 0.08 to 0.15 IU/ml). The heparin dose 
could be kept low because of measuring the maximal 
effect. If we had chosen some other time for the control 
of the anticoagulant effect, the heparin dose would 
probably have been higher. 

The mean heparin dosage when the level was within 
the stipulated range was found to vary between 215 
and 245 [U/kg body weight/24 hours during different 
periods of pregnancy. An increased need for heparin 
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is observed in the second and early third trimester, with 
a tendency toward lower need at the end of pregnancy. 

Variations among and within individuals in the an- 
ticoagulant effect of heparin are great. Two thirds of 
the samples within the stipulated range showed no pro- 
longation of activated partial thromboplastin time 
(Table IV), which demonstrated that the activated par- 
tial thromboplastin time method is too insensitive for 
monitoring the anticoagulant effect of low-dose hep- 
arin treatment. Thus, if the activated partial throm- 
boplastin time method had been used, larger amounts 
of heparin would have been required. However, acti- 
vated partial thromboplastin time was used in connec- 
tion with delivery since it reflects the total bleeding 
tendency and can be analyzed immediately.” When ac- 
tivated partial thromboplastin time was prolonged > 10 
seconds above the upper normal level, heparin was not 
given. Activated partial thromboplastin time was re- 
checked after 2. to 3 hours; 5000 IU of heparin sub- 
cutaneously or dextran was given if no prolongation 
was found. 

No decrease in platelet count was demonstrated. De- 
creases in platelet count have been described in heparin 
treatment because of immunologic reactions or could 
be suspected to occur because of activation and sub- 
sequent consumption. There was no mean decrease in 
antithrombin III, which could have occurred in the case 
of consumption caused by activation. Furthermore, the 
amount of heparin was apparently not high enough to 
cause a decrease in antithrombin III levels.” ” 

An increased fibrinopeptide A-level suggests an ac- 
tivation of coagulation. A slight elevation of fibrino- 
peptide A can be seen during the last trimester even 
in normal pregnancy.” ™ In our study, the heparin 
treatment seems to have been adequate since the mean 
fibrinopeptide A level was not higher even at the end 
of pregnancy compared to normal pregnancy. How- 
ever, in some samples the fibrinopeptide A levels were 
somewhat increased, which might indicate that the hep- 
arin dosage was inadequate or that an activation had 
taken place during blood sampling. The latter seems 
possible because there were no thromboembolic com- 
plications. There was no correlation between high fi- 
brinopeptide A levels (>4 ng/ml) and heparin concen- 
tration. A correlation could not have been expected 
because the heparin level reaches its maximum peak at 
2 to 3 hours after injection whereas fibrinopeptide A 
(with a half-life of 2 to 3 minutes) could have greatly 
decreased during these hours. There were no samples 
taken for fibrinopeptide A or heparin measurements 
before injection. The fibrinopeptide A levels for these 
patients, if they had not been treated with heparin, are 
unknown. , 

The presence of lupus anticoagulant and/or cardio- 
lipin antibodies, deficiencies of antithrombin IIT, and 
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proteins C and S should be ruled out before heparin 
prophylaxis is started. Experience with these abnor- 
malities is limited. They require special consideration 
because of the increased risk of thromboembolic com- 
plications; thus higher doses of heparin might be nec- 
essary. In addition to anti—factor Xa activity, the plate- 
let count, activated partial thromboplastin time, and 
antithrombin III should be checked shortly after the 
start of prophylaxis. Thereafter, it seems sufficient to 
control the platelet count and anti-factor Xa activity. 
Activated partial thromboplastin time and the platelet 
count should be measured just before delivery to ex- 
clude an increased bleeding tendency. Antithrombin 
III levels should also be analyzed; if decreased, plasma 
transfusions should be considered to reduce the risk 
for thromboembolic complications when heparin is re- 
duced or withdrawn. 

Our findings suggest that in most women without 
known hereditary blood coagulation defects a heparin 
dosage of approximately 240 IU/kg body weight per 
24 hours, divided into two doses (generally 7500-10,000 
IU twice daily), would be sufficient as thrombopro- 
phylaxis throughout the pregnancy. This dosage might 
be used if the anti—factor Xa method is not available. 
A recent retrospective Swedish study has shown that 
thrombosis prophylaxis with subcutaneous heparin 
during pregnancy resulted in a recurrence of throm- 
bosis equal to that which occurred during no throm- 
boprophylaxis. The patients with recurrence of throm- 
boembolic complications during heparin prophylaxis 
were treated with subcutaneous heparin, 5000 IU twice 
daily.” Because the need for heparin varies among dif- 
ferent patients, an individualized treatment would be 
ideal. We suggest the anti—factor Xa activity method 
for monitoring because it is the most sensitive current 
method of heparin analysis. On the basis of our ex- 
perience, the patients should be checked once a month 
after the correct dose has been established. More fre- 
quent controls are needed during the third trimester. 
Whether this heparin regimen will further minimize 
the risk of fractures as a result of heparin-induced os- 
teoporoses is unknown. 


We thank Dr. Ulf Hansson for assistance with the 
statistical analysis and Mrs. Hjördis Johannesson for 
performing the heparin determinations. 


REFERENCES 


1. Rudigoz RC, Arnaud MF, Dargent D, Margin P. Le risque 
Thrombo-embolique pendant la grossesse et le post par- 
tum. J Gynecol Obstet Biol Reprod (Paris) 1981;10: 
155-61. 

2. Hellgren M, Nygard E-B. Long-term therapy with sub- 
cutaneous heparin during pregnancy. Gynecol Obstet In- 
vest 1982;13:76-89. 

3. Letsky EA. Thrombo-embolism during pregnancy. In: 


10, 
11. 
12. 


13, 


14, 


15. 
16. 


17. 
18. 


19. 
20. 
21. 
22. 


23. 


24. 


25, 


Thrombosis prophylaxis in pregnancy 425 


Coagulation problems during pregnancy. Current reviews 
in obstetrics and gynecology. London: Churchill Living- 
stone, 1985 vol 10:29-61. 


. Badaracco MA, Vessey MP. Recurrence of venous throm- 


boembolic disease and use of oral contraceptives. Br Med 
J 1974;1:215-7. 


. Howell R, Fidlu J, Letsky E. The risks of antenatal sub- 


cutaneous heparin prophylaxis, a controlled trial. Br J 
Obstet Gynaecol 1983;90:1 124-8. 


. Bonnar J. Venous thromboembolism and pregnancy. Clin 


Obstet Gynecol 1981;8:455-73. 


. Spearing G, Fraser J, Turner G, et al. Long-term self- 


administered subcutaneous heparin in pregnancy. Br 
Med J 1978;12:1457-8. 


. Hahn L. Pulsatile heparin administration in pregnancy: 


a new approach. Am J OBSTET GYNECOL 1986;155:283-7. 


. Teien A. Heparin. Studies on anticoagulant effects and 


eliminations from the blood [Thesis]. University of Oslo, 
Norway, 1978. 

Nossel HL. Radioimmunoassay of fibrinopeptides in re- 
lation to intravascular coagulation and thrombosis. N Engl 
J Med 1976;295:428-32. 

Teien AN, Lie M. Evaluation of an amidolytic heparin 
assay method. Increased sensitivity by adding purified 
antithrombin. Thromb Res 1977;10:399-410. 

Conard J, LeCompte T, Horellon MH, etal. Antithrombin 
II in patients treated with subcutaneous or intravenous 
heparin. Thromb Res 1981;22:507-11. 

Chong BH, Pitney WR, Castaldi PA. Heparin induced 
thrombocytopenia: association of thrombotic complica- 
tions with heparin dependent IgG antibody that induces 
thromboxane synthesis and platelet aggregation. Lancet 
1982;4:1246-9. 

Bonnar J. Haemostasis and coagulation disorders in preg- 
nancy. In: Bloom AL, Thomas DP, eds. Haemostasis and 
thrombosis. London: Churchill Livingstone, 1987:570-84. 
Hellgren M. Thromboembolism and pregnancy [Thesis]. 
Karolinska Institutet, Stockholm, Sweden, 1981. 

Astedt B. Trombosbehandling under graviditet. Sympo- 
sium Hematologiska graviditetsproblem. Lakartidningen 
1977;74:1829-30. 

Dahlman T, Hellgren M, Blombäck M. Changes in blood 
coagulation and fibrinolysis in the normal puerperium. 
Gynecol Obstet Invest 1985;20:37-44. 

Kockum C, Frebelius S. Rapid radioimmunoassay of hu- 
man fibrinopeptide A—removal of cross-reacting fibrin- 
ogen with bentonite. Thromb Res 1980;19:589-98. 
Abildgaard U, Lie M, Ødegaard OR. Antithrombin (hep- 
arin cofactor) assay with “new” chromogenic substrates 
(S 2238 and chromozym TH). Thromb Res 1977;11:549- 
53. $ 

Holm HA, Abildgaard U, Kalvenes S, et al. The anti- 
thrombotic effect of heparin in deep venous thrombosis: 
relation to four heparin assays. Acta Med Scand 1984; 
216:287-93. 

Ockelford PA, Carter CJ, Mitchell L, et al. Discordance 
between the anti-Xa activity and the antithrombotic activ- 
ity of an ultralow molecular weight heparin fraction. 
Thromb Res 1982;28:401-9. 

Holm HA, Abildgaard U, Kalvenes S. Heparin assays and 
bleeding complications in treatment of deep venous 
thrombosis with particular reference to retroperitoneal 
bleeding. Thromb Haemost 1985;53:278-81. 

van Royen EA, ten Cate JW. Generation of a thrombin- 
like activity in late pregnancy. Thromb Res 1976;8:487- 
91. 

Wallmo L, Karlsson K, Teger-Nilsson A-C. Fibrinopeptide 
A and intravascular coagulation in normotensive and hy- 
pertensive pregnancy and parturition. Acta Obstet Gy- 
necol Scand 1984;63:637-40. 

Tengborn L, Bergqvist D, Matzsch T, Bergqvist A, Hed- 
ner U. Recurrent thromboembolism in pregnancy and 
puerperium. AM J OBSTET GYNECOL 1989;160:90-4. 


Early pregnancy glycosylated hemoglobin, severity of diabetes, 


and fetal malformations 


Michael J. Lucas, MD, Kenneth J. Leveno, MD, M. Lynne Williams, RN, 


Philip Raskin, MD, and Peggy J. Whalley, MD 


Dallas, Texas 


Total percent glycosylated hemoglobin (Aj, +» +.) was Measured before 16 weeks’ gestation in 105 
insulin-treated diabetic women enrolled for prenatal care at Parkland Memorial Hospital. Seventy-three of 
the infants were normal, 14 had malformations, and there were 18 spontaneous abortions. The mean 
glycosylated hemoglobin level for the entire study group was 9.2%, compared with 9.4% for those 
pregnancies ending in abortion, 8.9% for those resulting in normal infants, and 10.3% when malformations 
occurred. The mean glycosylated hemoglobin value for women delivered of normal infants was significantly 
lower than the mean of those with malformed infants. Ten of the 14 malformations occurred in mothers 
whose early pregnancy values exceeded the mean of the entire study group. There was also an 
association between malformations and White classification of maternal diabetes since 10 of the 14 fetal 
anomalies occurred in women assigned to White Classes C, D, F, H, and R. When the distribution of 
malformations was analyzed according to both glycosylated hemoglobin level and White Class, there was 
evidence of an interaction to suggest that hyperglycemia increases the relative risk of fetal malformations 
when associated with maternal diabetes of longer duration and/or with vascular complications. (Am J 


OBSTET GYNECOL 1989;161:426-31.) 


Key words: Glycosylated hemoglobin, diabetic pregnancy, malformations 


A heterogeneous group of skeletal, cardiovascular, 
neurologic, and urogenital malformations has been es- 
timated to occur two to five times more frequently in 
pregnancies complicated by diabetes. The cause has 
been attributed to a variety of factors that include hy- 
perglycemia, diabetic microangiopathy and vascular in- 
sufficiency, hypoglycemia, genetic predisposition, and 
even use of insulin.’ 

In 1978, Leslie et al.” reported an association between 
hyperglycemia as reflected by elevated glycosylated he- 
moglobin levels at the initial visit in pregnancy and fetal 
‘malformations. Miller et al.* subsequently reported 
measurement of hemoglobin A,, before 14 weeks’ ges- 
tation in 113 diabetic women and found it significantly 
elevated in the 14 pregnancies that resulted in mal- 
formed infants. 

A number of descriptive studies of malformations 
linked to maternal diabetes have also suggested a re- 
lationship to White’s classification." > The observation 
of increased malformation rates related to advanced 
White’s classification may indicate that the variables 
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used in this classification that include age at onset of 
diabetes, duration of disease, and microvascular com- 
plications also impact normal embryonic development. 
Alternatively, it is also possible that diabetic women with 
advanced disease may have higher average glycemia, 
and that relative hyperglycemia is the only causal factor 
in fetal malformations. 

In this report we describe a prospective investigation 
of total glycosylated hemoglobin measured before 16 
weeks’ gestation in 105 insulin-treated women. Early 
pregnancy maternal hyperglycemia as reflected by el- 
evated glycosylated hemoglobin levels was associated 
with fetal malformations. However, this effect of ma- 
ternal hyperglycemia was also related to White’s Class, 
an index of the duration and severity of diabetes. This 
suggests an interaction between hyperglycemia and 
these factors in the cause of fetal malformations in 
pregnancies complicated by diabetes. 


Material and methods 


Total glycosylated hemoglobin was measured in all 
pregnant insulin-treated diabetic women initially seek- 
ing prenatal care at Parkland Memorial Hospital before 
16 weeks’ gestation. Women with diabetes antedating 
pregnancy were classified according to White during 
in-hospital evaluations that included assessment of re- 
nal function and retinal examinations. Those women 
not diagnosed as diabetic before the index pregnancy, 
but who were treated with insulin because of fasting 
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hyperglycemia discovered before enrollment in the 
study, were separately classified as having gestational 
diabetes. 

Hemoglobin Am+»+: was determined by ion ex- 
change chromatography with the use of prepacked mi- 
crocolumns (Quick-column, Helena Laboratory, Beau- 
mont, Tex.) after twice washing the erythrocytes and 


overnight incubation at 23° C to remove the labile frac- - 


tions. Hemoglobin A,, was also measured in 58 of the 
105 women. This subfraction of glycosylated hemoglo- 
bin is frequently reported as an index of prior glycemia 
in diabetic patients, but was not available early in our 
study. However, the Pearson’s correlation coefficient 
between the two glycohemoglobin measurements was 
0.965. Preprandial plasma glucose levels were mea- 
sured at 7 AM, 1] AM, 4 PM, and 9 pm during the day 
of glycosylated hemoglobin measurement and the 
mean plasma gluccse concentration was calculated for 
each woman. 

Infants of insulin-treated diabetic women were ad- 
mitted to the Special Care Nursery for careful glucose 
monitoring. Malformations included those clinically di- 
agnosed before discharge of the infant. To reduce the 
possibility of ascertainment bias, newborn examinations 
were performed by the pediatric staff without knowl- 
edge of the patient's enrollment into the study cohort. 
Assessment of the spontaneous abortions for malfor- 
mations was precluded by maceration or incomplete 
availability of tissue for examination. Chromosomal 
analysis of aborted tissues was not performed. 

Statistical analyses included Fisher’s exact test of 
probability, log-likelihood x°, and Student’s ¢ test or 
analysis of variance when appropriate. 


Results 


Between February 1980 and July 1985, 105 consec- 
utive insulin-treated women were enrolled for prenatal 
care before 16 weeks’ gestation and had glycosylated 
hemoglobin levels measured. The range of gestational 
age at entry into the study was from 6 to 16 completed 
weeks’ gestation. There was no apparent relationship 
between disease classification and gestational age when 
they were first seen. Twenty-three (22%) of these 
women were classified as having gestational diabetes 
because fasting hyperglycemia (fasting plasma glucose 
level >105 mg/dl; mean, 145 mg/dl) was first diag- 
nosed during the index pregnancy at the time of pre- 
sentation for prenatal care. The remainder of the 
women with diabetes antedating pregnancy were clas- 
sified according to White as follows: Class A (n = 4), 
Class B (n = 27), Class C (n = 25), Class D (n = 18), 
and Classes F, H, and R (n = 8). 

Total glycosylated hemoglobin (A,,.,..) was also 
measured in 14 nondiabetic normal women at a similar 
gestational age; their mean value was 6.0% (range, 5.0% 
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Table I. Pregnancy outcomes of 105 
insulin-treated diabetic women according to 
glycosylated hemoglobin level determined 
before 16 weeks’ gestation 









Glycosylated 
hemoglobin (%) 
(mean + SD) 


Pregnancies 


Pregnancy outcome 





Spontaneous abortion 18 17 9.4 + 2.3 
Malformed infant 14 13 10.3 + 1.9% 
Normal infant 73 70 8.9 + 2.3 

TOTAL 105 100 9.2 + 2.3 





*Comparison of mean A, levels between malformed and 
normal infants, p = 0.05 (Student’s ¢ test). 


to 6.9%). In contrast, the mean hemoglobin A, of the 
105 study patients was 9.2% (range, 5.2% to 14.2%). 
The mean preprandial plasma glucose concentration 
on the day of hemoglobin A, determination for this 
group was 151 + 51 mg/dl (SD). The correlation co- 
efficient between the initial glycosylated hemoglobin 
and mean preprandial plasma glucose was 0.59 and is 
similar to other reports on the correlation between 
same-day measures.’ 

The 105 pregnancies studied were divided into three 
major outcome groups as shown in Table 1. Eighteen 
women spontaneously aborted. Their mean hemoglo- 
bin A, level was 9.4% + 2.3% (SD), which was not 
significantly different from the mean A, hemoglo- 
bin values of those pregnancies resulting in mal- 
formed (10.3% + 1.9%) or normal (8.9% + 2.3%) in- 
fants (analysis of variance, F probability = 0.125). The 
mean + SD gestational age at glycosylated hemoglobin 
determination for those pregnancies that ended in 
abortion was 9.8 + 2.8 weeks compared with 11.4 + 2 
weeks for pregnancies that resulted in malformed in- 
fants and 11.6 + 2.7 weeks for women who were de- 
livered of normal infants. There was no statistical dif- 
ference in the latter two groups in gestational age at 
the time of initial examination. Maternal age, race, and 
previous pregnancy outcomes for the three outcome 
groups did not differ significantly. 

The 18 pregnancies that resulted in abortions were 
equally divided between missed and spontaneous abor- 
tions. There was no significant difference in glycosy- 
lated hemoglobin or maternal class of diabetes between 
these two subgroups. Analysis of the distribution of the 
abortions according to glycosylated hemoglobin levels 
by arbitrarily dividing the A, range into thirds revealed 
no association of this outcome with the degree of early 
pregnancy glycemia. Specifically, six (16%) sponta- 
neous abortions occurred with glycosylated hemoglobin 
levels <8.0%, 8 (17%) with levels from 8.1 to 11.0%, 
and 4 (20%) in pregnancies with levels > 11%. Similarly, 
analysis of the pregnancies that ended in abortion ac- 
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Table II. Distribution of 87 pregnancies not 
complicated by spontaneous abortion in 
relation to maternal’ glycosylated hemoglobin 
level and delivery of malformed infants 


Hemoglobin A, level No. of malformations 


(%) per No. of pregnancies 
5.2- 7.1 0/17 (0%) 4), l 
72- 9.1 4/98 (14%) 4/45 (9%)* 


9.2-11.1 6/26 (23%) 
211.2 -4/16 (25%) 


10/42 (25%)* 
TOTAL 14/87 (16%) ` 


. *Comparison of malformation occur rence above versus be- 
low A, level of 9.2%, p = 0.05 (Fisher’s exact test). 


cording to classification of maternal diabetes showed 
no significant correlation. 

‘Excluding those pregnancies that ended in abortion 
as a group of undetermined malformation outcome, 
14 (16%) of the remaining 87 diabetic women were 
delivered of malformed infants. Eight infants had ma- 
jor malformations that included anencephaly (n = 2), 
hydrocephalus (n = ‘I), ericephalocele (n = 1), sacral 
agenesis (n = 1), micropenis- hypospadias (n = 1), and 
ventricular septal defects (n = 2), one of which was 
associated with pulmonic stenosis. Minor malforma- 
tions were diagnosed ' in six infants and included 
polydactyly (n = 2), partial limb atrophy ‘(n = 2), su- 
pernumerary nipples (n = 1), and preauricular skin 
tags (n = 2). Two-infants with testicular hydroceles and 
one with undescended testes were considered normal 
variants. The mean glycosylated , hemoglobin levels of 
women delivered of infants with either major or minor 
malformations were not significantly different (i.e., 
10.29% + 1.8% vs. 10.27% + 2.7%, respectively). The 
mean + SD glycosylated hemoglobin level of the 73 
women whose pregnancies resulted in normal infants 
was 8.9% + 2.3% compared with 10.3% + 1.9% for 
those delivered of infants with major or minor mal- 
formations (p = = 0. 05). Table H shows a stratification 
of pregnancies that progressed beyond abortion ac- 
cording to maternal glycosylated hemoglobin level with 
the malformation rate for each level indicated. There 
was a statistically significant distribution (p = 0.05) of 
malformation above the A, mean of 9.2%; 10 of the 14 
malformations occurred i in 42 women whose levels ex- 
ceeded the mean, compared with four malformations 
in the 45 women with levels below the mean. The dis- 
tribution of fetal malformations according to classifi- 
cation of maternal diabetes in the same 87 women ‘is 
provided i in Table III. A significant (p< 0. 05) increase 
in malformations was observed in women whose dia- 
betes was diagnosed at '<19 years of age, those who 
had diabetes for =10. years, and those with vascular 
complications (White’s Classes C, D, F, H, and R). 
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Table III. Incidence of fetal malformations 
according to White classification of 
maternal diabetes 








No. of malformations 


Classification of diabetes per No. of pregnancies 





Gestational or Class A 1/24 (4%) 


4/46 (9%)* 


Class B 3/22 (13%) 

Class C, D 8/34 (24%) 

Classes F, H, R 217 (29%) 10/41 (24%)* 
TOTAL 14/87 (16%) 


i *Comparison of malformation occurrence in Classes A, B, 
and G versus Classes C, D, F, H, and R; S$ = 0.050 (Fisher’s 
exact test). 


The relationship between maternal glycosylated he- 
moglobin level and classification of diabetes was ana- 
lyzed independently of outcome. Women assigned to 
White’s Classes C, D, F, H, and R were found to have 
significantly higher hemoglobiri A, levels early in preg- 
nancy. The mean + SD glycosylated hemoglobin was 
8.8% + 2.3% for those women who were classified as 
gestational diabetics or assigned to Classes A and B 
compared with 9.7% + 2.1% for those in’ Class C or 
greater (p = 0.05). Because of this correlation between 
glycosylated hemoglobin and class of diabetes, the dis- 
tribution of malformations was tabulated according to 
both variables ; the results are shown in Table IV. There 
was a tendency for thé malformation rate to increase 
according to both class of maternal diabetes and gly- 
cosylated hemoglobin level. The effect of higher A, 
levels was more prononne g in women with advanced 
diabetes. Log-likelihood x? analysis revealed that the 
statistically significant distribution of malformations ac- 
cording to A, level was attributable primarily to the 
strength of the association in those women with diabetes 
of longer duration and/or increased severity. This find- 
ing indicates an interaction between the two indices (A, 
and class) i in association with the rate of malformation. 
Major malformations accounted for most of this ob- 
served interaction. i 
- The major malformation rate in those diabetic preg- 
nancies that progressed beyond abortion was roughly 
equivalent according to either the severity of diabetes 
or glycosylated hemoglobin level when considered sep- 
arately. Specifically, there was a 17% major malfor- 
mation rate in women of more advanced diabetes class 
(p= = 0.02) and a-14% major malformation rate in those 
with glycosylated hemoglobin levels above the mean 
(p= 0.125). The rate remained 14% if the upper two 
thirds of the glycosylated hemoglobin range were con- 
sidered. An improved discrimination resulted when 
both disease severity and glycosylated hemoglobin level 
were considered simultaneously. The major malfor- 
mation rate was 25% (6 of 24) in those with both ad- 
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Table IV. Interaction of White classification of maternal diabetes, glycosylated Hemesionin level, an 
fetal malformations, : l 














Glasses A, B, G* 
` (No. of malformations 





Hemoglobin A; per Nò. of pregnancies) 
= 8.0% ` 1/23 (4%), ` 
8.0-11.0% 2/14 (14%) 
211% ` 1/9 (11%) 
‘TOTAL 4/46 (9%) 


: Classes C, D, F, H, Rt 
_ (No. of malformations 
per No. of pregnancies) 











Totalt 
` (No. of malformations 
per No. of pregnancies) 








‘0/9 (0%) 1/32 (3%) 
7/25 (28%) 9/39 (23%) 
3/7 (43%) - 4/16 (25%) 
10/41 (24%) 








*Siatistical evaluation of distribution of malformations according to A, level for class grouping: Log-likelihood x ? distribution 


of malformations. xX AV (NS, p > 0.5). 


{Statistical evaluation of distribution of malformations according to A, level for class grouping! Log-likelihood x distribution 


of malformations x Ay <0. 05). 


vanced diabetes and an A, level above the mean of 


‘9.2%. In contrast, there were no major malformations 


in the -18-pregnancies with an A, level >9. 2% within — 


the less severe classes of diabetes: Log- likelihood. x 
"analysis of the distribution’ of major malformations 
within these four groups (two class categories and two 
A; strata) was also statistically significant (p< 0.02, 
Table V). The finding of a gradient rate of both major 
and all malformations according to A, level in the ad- 


vanced diabetes. group supper ‘the sauces of me f 


interaction. 


Comment 


` The increased risk of malformations in infants of- 


insulin-treated diabetic mothers is evident i in this series, 


with | an overall malformation rate of 16% in those preg- l 


nancies that progressed, beyond spontaneous abortion. 
Analysis for possible teratogenic mechanisms suggests 
that maternal hyperglycemia during organogenesis as 
reflected by glycosylated hemoglobin levels is clearly a 
factor. However, increasing severity of diabetes, as iri- 
dicated. by the White classification of | diabetes’ during 


pregnancy, appears to be at least a cofactor in the in-. 


creased rate of malformations. 
Glycohemoglobin has been established. as a reliable 
index of prior glycemia. i The finding of increased mal- 


formation rate in association with. elevated glycosylated ` 


hemoglobin implicates early pregnancy hyperglycemia 
as a causative factor. Miller‘et al.’ demonstrated a re- 
lationship between early pregnancy maternal hyper- 
‘glycemia and fetal malformations. They observed that 
women who were delivered of infants with i major anom- 
alies had significantly higher levels of hemoglobin Ar 
during the first trimester. Similar results have been re- 
‘ported by other i investigators. ; Importantly, Mills et al.” 
have shown that orgańogenesis for all the sitesin which 
congenital anomalies linked to diabetes are most com- 
mon are essentially complete ‘within the first 6 weeks 
of gestation. These, studies provide circumstantial evi- 
dence that hyperglycemia during critical weeks of or- 


a ‘Hemoglobin Ay. 


Table V. Major malformations 









No. of malformations 
per No. of 










Class of diabetes pregnancies* 
X . Classes A, B, G 1/28 (4%) 
A S920. Class =C 1/17 (6%) 
Classes A, B, G 0/18 (0%) 

Pelee Clee | 6/24 (25%) 


“Analysis of the distribution of major malformations within 
the four categories shown: p = 0.017 (log-likelihood x’). 


ganogenesis plays a teratogenic vole in the excess mal- 
formations characteristic of pisenances complicated 
by diabetes. 

Experimental studies support the concept of hyper- 
glycemia as a teratogenic factor. Hyperglycemia in- 
duced in laboratory animals during the dévelopmental 
period of gestation has, been shown to increase mal- 
formation, rates. Conversely, glycemic normalization 
has been’ shown to obviate that risk.’ In a large inter- 
ventional study i in a well- defined human population of 
pregnant diabetics, Fuhrmann et al. have demon- 
strated.that strict periconceptual glycemic control abol- 


` ishes the increase in malformations otherwise observed. 


Jovanovic and Jovanovic’? also observed no malfor- 
mations in infants of a group. of diabetic mothers with 
microvascular complications in whom strict pregesta- 
tional glycemic control was established; ‘they used gly- 
cosylated hemoglobin ‘ "normalcy" to confirm adequate 
control. - : i 

Our finding of a relationship KNER malformation 
rate and the White classification of severity of diabetes 
during pregnancy as an independent variable is also 


E ‘onsistent with previous reports:* 113 Ina study of 1452 


pregnancies in Copenhagen between 1926 and 1972, 


` Pedersen? reported a'4.9% incidence of malformations 


in White Çlasses A, B, and C compared with 13.7% in 
Classes D and F. Similarly, Soler et al.‘ reported that 


‘among 701 infants born to diabetic women in Bir- 
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mingham, England, mothers whose diabetes began be- 
fore 20 years of age had a higher incidence of fetal 
malformations compared with those whose diabetes was 
diagnosed at an older age. In a more recent study from 
Copenhagen, the risk of fetal malformations among 99 
insulin-dependent diabetic women examined by ultra- 
sonographic scanning in the seventh and fourteenth 
weeks of pregnancy was significantly higher in White’s 
Classes D and F compared with the less severe classes 
of A, B, and C." Comess et al.” also observed a small 
subpopulation among Pima diabetic mothers charac- 
terized by onset of diabetes at an early age who were 
at particular risk for malformed infants. However, not 
all investigators have found severity or duration of di- 
abetes to significantly influence malformation rates.’ 

It must also be considered that a confounding rela- 
tionship may exist between hyperglycemia and severity 
of diabetes, with fetal malformations resulting from 
greater hyperglycemia in those with more severe dis- 
ease. Indeed, a correlation between glycosylated he- 
moglobin and severity of diabetes during pregnancy 
has been reported.’ Our finding of a significant gly- 
cosylated hemoglobin difference between the two class 
groups used in our analysis further suggests the pres- 
ence of such a confounding relationship. However, the 
interaction we observed between class and A, level in 
association with the relative malformation rate implies 
that both variables are related to risk, and this has fur- 
ther etiologic implications. 

We can only speculate as to why hyperglycemia would 
have a more potent effect on malformation occurrence 
in women with disease of longer duration and/or in- 
creased severity, A model with hyperglycemia as a “nec- 
essary but insufficient” teratogen might best ft the data. 
For instance, it might be that a metabolic consequence 
of hyperglycemia is the etiologic culprit, perhaps more 
likely produced in those with prolonged, advanced di- 
abetes. This would explain the lack of major malfor- 
mations observed in our 18 cases with high indices of 
early hyperglycemia but with recent onset of uncom- 
plicated diabetes. Although this model might seem to 
contradict aforementioned studies, it has been difficult 
to experimentally isolate hyperglycemia from other 
variables.’ Specific products or indirect effects of hy- 
perglycemia such as disturbed glycolysis and arachi- 
donic acid metabolism," specific ketones,’’ and distur- 
bances of insulin-like growth factors'® have been im- 
plicated as embryopathic effectors. Identification of a 
specific metabolic disturbance associated with hyper- 
glycemia that accurately predicts malformation occur- 
rence would certainly be the ideal marker of risk. 

The specific risk factor associated with disease clas- 
sification is also unidentified. For instance, it is possible 
that ketosis-prone diabetics (type I) are those more sus- 
ceptible to the teratogenic effects of hyperglycemia. 
Type I disease is very likely associated with the ad- 
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vanced class group used in this analysis. The multifac- 
torial nature of malformation risk in association with 
diabetes is emphasized in the recent report by Mills 
etal.” that describes a lack of relationship between early 
measures of glycemia and malformation outcome in 
prospectively followed “insulin-dependent* diabetics. 
Unfortunately, no analysis by disease classification was 
reported; because the early enrollment groups had a 
lower malformation rate than those enrolled late, they 
nonetheless concluded that relative glycemia cannot be 
discounted as a risk factor. 

If hyperglycemia is a necessary cofactor as a terato- 
gen in diabetes, then it is tempting to use glycohemo- 
globin in individual risk-factor analysis. However, a di- 
rect application of study data can result in some con- 
fusion, as exemplified in the use by Jovanovic and 
Jovanovic of the median A, value of 8.5% (as deter- 
mined by Miller et al.*) as both a threshold of risk and 
a limit of “normalcy.”'? Our method of analysis was 
similar to that of Miller et al., yet our mean A, value 
of 9.2% projects to an A,, value of 7.2% on our regres- 
sion line between the two measures. This difference 
might be a result of laboratory technique, study pop- 
ulation, or both, but in any case should prompt caution 
in the use of a specific glycosylated hemoglobin level 
as an absolute threshold for risk estimation. Further- 
more, if “normalcy” is the glycohemoglobin range in 
pregnant women without diabetes, the highest measure 
in our study was the equivalent of an A,, value of 5.5%. 
Although there were no malformations in our series in 
the 15 diabetic women with glycohemoglobin within 
this normal range, a clear threshold for malformation 
occurrence above this point is not apparent in the data. 
The tendency of malformation rate to increase with 
rising glycohemoglobin measure was attributable to the 
distribution within the more severe class group. How- 
ever, we caution that relatively small numbers occur in 
each subcategory in this analysis.’ Therefore the results 
cannot be reasonably extrapolated except to suggest 
general trends in relative risk. For example, it would 
be a mistake to conclude from our results that we are 
implying that a Class B diabetic is safe from the oc- 
currence of malformation. 

In conclusion, it is clear that teratogenic mechanisms 
are operative during pregnancies that are complicated 
by diabetes but the mechanism(s) may be more complex 
than a simple relationship to relative glycemia. Aware- 
ness of the interaction between severity of diabetes and 
early glycohemoglobin measure might improve relative 
risk estimates in pregnant diabetics, but we emphasize 
appropriate caution in such clinical applications. 
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Predictive value of increased plasma levels of fibronectin in 
gestational hypertension 


Véronique Ballegeer, MD," Bernard Spitz, MD,” Lena Kieckens,* Huberte Moreau," 
André Van Assche, MD, and Désiré Collen, MD, PhD* 


Leuven, Belgium 


Blood pressure, proteinuria, and plasma fibronectin and plasminogen activator inhibitor-1 levels were 
measured in 120 apparently healthy normotensive primigravid women during the first, second, and third 
trimesters of pregnancy and 2 days post partum. Thirty-two women developed hypertension (diastolic 
blood pressure =90 mm Hg) that in 17 women was associated with proteinuria (>0.3 gm/day). Fibronectin 
levels were 83% + 22% of normal (mean + SD) during the first trimester and 75% + 20% at term in the 
healthy women but increased from 94% + 36% to 187% + 36% in the women who developed gestational 
hypertension (with or without proteinuria) {p < 0.0001). Plasminogen activator inhibitor-1 levels increased 
from 26 + 19 ng/ml to 110 + 86 ng/ml in healthy women and from 32 + 35 ng/ml to 290 + 90 ng/ml in 
hypertensive women (p < 0.0001). increased levels of fibronectin at 25 to 36 weeks of pregnancy 
(=mean + 2 SD of the healthy women, or >140%) were found in 31 of the 32 women with gestational 
hypertension with or without proteinuria and in 5 of the 88 healthy women (sensitivity 96%, specificity 
94%). Fibronectin levels increased 3.6 + 1.9 weeks earlier than the onset of hypertension and/or 
proteinuria. Increased levels of plasminogen activator inhibitor-1 at 25 to 32 weeks (=280 ng/ml) were 
found in 16 of the 32 women who developed gestational hypertension with or without proteinuria and in 4 
of the 88 healthy women (sensitivity 50%, specificity 95%). We conclude that increased fibronectin levels 
are the best predictor of gestational hypertension with or without proteinuria and that its level in plasma 


increases several weeks before the development of hypertension. (AM J OssteT GYNECOL 1989;161: 


432-6.) 


Key words: Fibronectin, plasminogen activator inhibitor-1, preeclampsia, gestational 


hypertension 


Fibronectins are large adhesive glycoproteins (440 
kilodaltons) present in many tissues and in most body 
fluids.' The soluble form, usually referred to as plasma 
fibronectin, is present at a rather high concentration 
(300 ug/ml) in plasma. The insoluble form, called cel- 
lular fibronectin, is produced by fibroblasts, endothelial 
cells, macrophages, and blood platelets and is a wide- 
spread component of connective tissue and basement 
membranes. A variety of functions have been ascribed 
to fibronectin, including roles in opsonization, cell 
adhesion, cell motility, tissue repair, and coagula- 
tion.'* Increased levels of fibronectin in plasma have 
been observed in established gestational proteinuric hy- 
pertension.** 

The decreased fibrinolytic activity in patients with 
gestational proteinuric hypertension? has been attrib- 
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uted to an increased plasma level of both plasminogen 
activator inhibitor-1 (PAI-1) and plasminogen activator 
inhibitor-2 (PAI-2).'* PAI-1 is secreted by endothe- 
lial cells, fibroblasts, blood platelets, and hepatocytes, 
PAI-1 levels increase steadily after the twentieth week 
of pregnancy." PAI-2 is produced by placental tissue, 
it is undetectable in normal plasma but increases mark- 
edly during pregnancy.” 

In this study we investigated the time course of 
changes in plasma levels during pregnancy of several 
plasma proteins including fibronectin and PAI-1 in an 
effort to correlate changes in their concentration with 
the development of gestational hypertension with or 
without proteinuria. 


Material and methods 


Patients. A total of 120 apparently healthy normo- 
tensive primigravid women selected from 129 consec- 
utive primigravid women seen at the outpatient clinic 
of the Department of Obstetrics by B. S. between Sep- 
tember 1987 and January 1988 were prospectively in- 
cluded in the study after giving informed consent. The 
nature of the study was explained in detail. None of 
the subjects who were requested to participate in the 
study declined. The blood pressure was measured in 


Volume 161 
Number 2 


Fibronectin in gestational hypertension 433 


Table I. Blood pressure, uric acid, and plasma protein determinations in primigravid women 








Weeks of pregnancy 

















Parameter 


Systolic pressure N 120 + 10 119 + 12 
(mm Hg) H 117 + 10 123 + 10 
Diastolic pressure N 70+6 7225 
(mm Hg) H 68 + 9 757 
Uric acid (mg/dl) N 2.7 + 0.5 3.0 + 0.6 
H 2.7 + 0.6 3.24 1.2 
Fibronectin (%) N 83 + 23 74 + 26 
H 94 + 36 130 + 71 
von Willebrand N 130 + 62 160 + 90 
factor (%) H 120 + 57 180 + 78 
PAI-1 (ng/ml) N 26 + 19 68 + 53 
H 32 + 35 88 + 70 
PAI-2 (ng/ml) N 140 + 47 330 + 180 
H 150 + 50 400 + 230 
t-PA (ng/ml) N 5.6 + 4.9 5.0 +2 
H 8.2 + 10 5.4 + 2.4 
AT-III (%) N 86 + 13 90 + 13 
H 86 + 12 96 + 10 
p-Dimer (ng/ml) N 250 + 170 450 + 210 
H 300 + 180 550 + 250 


(2) 


(2) 


Day 2 
post partum 





125 +9 127 + 11 125 + 10 
130 + 15 138 + 10 135 +8 
719 72 +7 83 +4 
77+ 10 (1) 87+8 (11) 87 +7 
8.7 + 0.4 3.7 + 0.6 4.6 + 0.8 
4.6 + 1.5 4.7 +11 5.74 1.1 
. 81+ 30 75 + 20 90 + 31 
170 + 65 (13) 190 + 36 (16) 170 + 50 
180 + 45 210 + 73 220 + 60 
200 + 53 270 + 60 280 + 87 
140 + 105 110 + 86 30 + 35 
200 + 120 290 + 91 60 + 4] 
540 + 220 470 + 240 190 + 62 
420 + 260 700 + 230 230 + 140 
6.1 + 4.6 5.0 + 1.8 5.2 + 3.8 
9.9 + 8.4 8.2 + 3.5 9.0 + 6.0 
100 + 12 98 + 13 93 + 12 
94 + 11 94 + 13 92+ 11 
600 + 300 600 + 300 730 + 440 
630 + 400 690 + 230 1000 + 790 





N, Normotensive women (n = 88); H, hypertensive women (n = 32); AT-III, antithrombin III. Data represent mean + SD. 
Numbers within parentheses indicate number of subjects with values >mean + 2 SD of 88 normotensive primigravid women for 


fibronectin and >90 mm Hg for diastolic blood pressure. 


the sitting position. The diastolic pressure was defined 
as the pressure at which a Korotkoff phase V was ob- 
tained. Nine patients with a diastolic blood pressure 
>90 mm Hg were not entered into the study. Blood 
pressure was measured before 20 weeks of pregnancy, 
at 4-week intervals between 20 and 32 weeks, at 2-week 
intervals between 32 and 36 weeks, and at weekly in- 
tervals between 36 weeks and delivery. 

Gestational hypertension was defined as a diastolic 
blood pressure of =90 mm Hg on at least two occasions 
during the second half of pregnancy in a previously 
normotensive woman. Gestational proteinuric hyper- 
tension (or preeclampsia) was defined as increased di- 
astolic blood pressure and 20.3 gm proteinuria/day (as 
defined by the International Society of Study for Hy- 
pertension in Pregnancy).” 

Management of the subjects was determined on the 
basis of clinical signs and blood pressure only and was 
not altered on the basis of results of blood analyses. 
The subjects were asked to refrain from aspirin intake 
during the study. 

Methods. Blood samples were taken four times dur- 
ing pregnancy: before 20 weeks, between 20 and 30 
weeks, either at 31 to 35 weeks or 36 to 40 weeks, and 
2 days post partum. When increased levels of fibro- 
nectin were found, additional blood samples were taken 
at weekly intervals for monitoring its evolution, but the 
first positive sample was used in the calculations. Blood 
was obtained by venipuncture, anticoagulated with 
buffered citrate (nine parts of blood were mixed with 


one part 0.1 mol/L sodium citrate (citric acid, pH 4.5 
and pH 7.5) and centrifuged for 15 minutes at 3000 g 
at 4° C. The plasma samples were stored at — 20° C and 


‘analyzed within 14 days. 


Fibronectin and von Willebrand factor antigen 
were measured by Laurell immunoelectrophoresis," 
with commercial antisera from Behringwerke (Mar- 
burg/Lahn, West Germany) and Nordic (Tilburg, The 
Netherlands), respectively. Concentrations were ex- 
pressed in percentage of a normal plasma pool. 
PAI-1,"* tissue plasminogen activator (t-PA),'° and fibrin 
fragment D-dimer” levels in plasma were determined 
with specific enzyme-linked immunosorbent assays. 
PAI-2 levels were determined with an immunoradi- 
ometric assay with reagents provided by Dr. E. K. O. 
Kruithof (Centre Hospitalier Universitaire du Vaudois, 
Lausanne, Switzerland). Antithrombin III was deter- 
mined with a chromogenic substrate assay (Kabi- 
Vitrum, Brussels, Belgium). Statistical analysis was per- 
formed by analysis of variance to assess the changes 
over time of the various parameters using the SAS pro- 
gram ANOVA (SAS Institute GmbH, Heidelberg, Fed- 
eral Republic of Germany). 


Results 


Thirty-two of the 120 healthy initially normotensive 
primigravid women developed gestational hyperten- 
sion, which in 17 was associated with proteinuria. In 
two women the first diastolic blood pressure =90 mm 
Hg was observed between 21 and 30 weeks of preg- 
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Weeks of pregnancy 


Fig. 1. Plasma levels of uric acid (A), fibronectin (B), von Willebrand factor (C), and PAI-1 (D) 
during pregnancy in 88 normotensive women (solid bars) and in 32 women with gestational hyper- 
tension (hatched bars). Results in columns represent means and bars are SEM. 


nancy, in 1 between 31 and 35 weeks, in 11 women 
between 36 and 38 weeks, and in 18 women between 
39 weeks and delivery. The mean diastolic blood pres- 
sure of the 32 primigravid women with gestational hy- 
pertension at the onset of labor was 150 + 7 mm Hg 
systolic and 96 + 6 mm Hg diastolic. Table I summa- 
rizes the results of blood pressure, uric acid, and plasma 
protein determinations in the 32 women who devel- 
oped gestational hypertension with or without protein- 
uria, compared with the 88 women who remained nor- 
motensive. i 

In both the normotensive and hypertensive groups 
PAI-1, PAI-2, von Willebrand factor, and fragment D- 
dimer levels increased significantly during pregnancy. 
Significant differences between the normotensive and 
hypertensive groups were observed for uric acid, fi- 
bronectin, von Willebrand factor, t-PA, and PAI-1, 
which all increased more in the hypertensive group. 
The p values for all these differences were <0.01. 
The results of uric acid, fibronectin, von Willebrand 
factor, and PAI-1 are summarized in Fig. 1. No sig- 
nificant differences between the groups or changes 
‘during pregnancy were observed for antithrombin 


II levels. Multivariate analysis of results obtained 
at 36 to 40 weeks in the hypertensive group revealed 
significant correlations (p < 0.01) between fibronec- 
tin level and diastolic blood pressure (r = 0.66), 
uric acid (r = 0.50), von Willebrand factor (r = 0.49), 
and PAI-1 (r = 0.60). PAI-1 levels correlated with di- 
astolic blood pressure (r = 0.82) and t-PA levels 
(r = 0.60). 
The most significant differences between the nor- 
motensive and hypertensive groups were observed for 
the fibronectin and PAI-1 levels, which were already 
significantly more increased in the hypertensive group 
at 21 to 30 weeks’ gestation (p < 0.0001), whereas at 
that time the differences in von Willebrand factor, t-PA, 
and uric acid levels were less pronounced. When in- 
creases in the fibronectin and PAI-1 levels were used 
as predictors of the development of gestational hyper- 
tension, and an increase of more than 2 SDs above the 
mean of the normotensive group (2=140% and 280 
ng/ml, respectively) was used as the cutoff point, the 
results summarized in Table I] were obtained. None of 
the 13 subjects with an increased fibronectin level at 31 
to 35 weeks had returned to levels <140% when mea- 
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Table II. Frequency of increased levels of 
fibronectin and PAI-1 in normal and 
hypertensive primigravid women 





1 16 






Gestational hy- 32 31 16 
pertension 

Control 88 5 83 4 84 
subjects 





Upper limit of normal was defined as mean value + 2 SD 
of control group. This corresponded to 140% of normal for 
fibronectin and 280 ng/ml for PAI-1. 


sured at 36 to 38 weeks. Increased fibronectin levels 
predicted the development of gestational hypertension 
with a sensitivity of 96% and a specificity of 94%. In- 
creased PAI-I levels predicted the developed of ges- 
tational hypertension with a sensitivity of only 50% and 
a specificity of 95%. 

With use of an alternative definition of gestatinoal 
hypertension as an increase in systolic blood pressure 
of >30 mm Hg and of diastolic blood pressure of >15 
mm Hg, two of the four subjects with an elevated fi- 
bronectin level but a diastolic blood pressure of <90 
mm Hg would have been allocated to the group with 
gestational hypertension instead of the normal group. 
When the onset of the increase in fibronectin level was 
correlated with the first observation of hypertension, 
results were obtained as illustrated in Fig. 2. The in- 
crease in fibronectin level consistently preceded the in- 
crease of the diastolic blood pressure by an average of 
3.6 + 1.9 weeks. 

Table IH summarizes the results of diastolic blood 
pressure and fibronectin levels in the 32 women with 
gestational hypertension, subdivided in groups with or 
without proteinuria. No significant differences between 
the subgroups were observed. 


Comment 


Gestational proteinuric hypertension (preeclampsia) 
is a primary cause of perinatal mortality and morbidity. 
Early recognition and treatment with bed rest and as- 
pirin favorably influence outcome." The availability of 
simple predictors of the subsequent development of 
gestational hypertension might allow preventive treat- 
ment and further improve outcome. A close correlation 
between increased fibronectin levels and gestational 
proteinuric hypertension (preeclampsia) has been re- 
ported by several authors.** 

Therefore we performed a prospective study in 120 
apparently healthy initially normotensive primigravid 
women to correlate changes in blood pressure and pro- 
teinuria with uric acid and with several plasma proteins. 
As expected, several proteins increased during preg- 
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Fig. 2. Correlation between time of onset of increase in fibro- 
nectin level (> 140%) and of increase of diastolic blood pres- 
sure (>90 mm Hg). Data represent duration of pregnancy at 
time when the first increase in fibronectin (>140%) or in di- 
astolic blood pressure (>90 mm Hg), respectively, was ob- 
served in the subjects developing gestational hypertension. 
Increase in fibronectin level preceded increase in blood pres- 
sure by average of 3.6 + 1.9 weeks (mean + SD), Horizontal 
and vertical bars represent interval from mean ~ $D to 
mean + SD of duration of pregnancy at which increased val- 
ues were first obtained. 


nancy in both groups, including von Willebrand factor, 
PAI-1, PAI-2, and fibrin fragment D-dimer, whereas 
before the thirtieth week fibronectin and PAI-1 in- 
creased significantly more in the hypertensive group 
than in the normotensive group. If an increase of fi- 
bronectin >140% of normal was used as the cutoff 
point, subsequent development of gestational hyper- 
tension within an average of 3.6 + 1.9 weeks could be 
predicted with a sensitivity and specificity of approxi- 
mately 95%. PAI-1 levels also increased early and more 
extensively in women with subsequent gestational hy- 
pertension, but this index had less predictive value, 
because PAI-1 levels also increased in the normotensive 
group. 

Fibronectin levels may change in association with sev- 
eral disease states. Levels decrease in cases of liver in- 
sufficiency, disseminated intravascular coagulation, re- 
spiratory distress syndrome, sepsis, and polytrauma 
and increase in patients with rheumatoid arthritis.”° *! 
None of these diseases occurred in the subjects studied. 

We also studied eight pregnant women with chronic 
hypertension at 31 to 35 weeks of pregnancy and found 
a normal fibronectin level (data not shown). This sug- 
gests that hypertension per se is not associated with 
increased fibronectin levels during pregnancy. 

In conclusion, our results suggest that increased 
plasma fibronectin levels may be a highly sensitive and 
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Table III. Diastolic blood pressure and fibronectin levels in 32 primigravid women with gestational 
hypertension, subdivided according to presence or absence of proteinuria 











Parameter Proteinuria 





Diastolic pressure Yes 17 66 + 8 
(mm Hg). No 15 68 + 6 
Fibronectin (%) Yes 17 101 + 36 

No 15 84 + 22 


Weeks of pregnancy 












specific predictive test for (proteinuric) gestational hy- 
pertension. The index (cutoff point of =140% of nor- 
mal) used in this study was derived. from and reapplied 
to the same patient population and set at a level that 
allowed maximal separation between normal and hy- 
pertensive patients. Therefore prospective studies with 
the use of this same index are required to confirm its 
high sensitivity and specificity. 


We thank Mr. De Wel (Department of Medische In- 
formatica, K.U., Leuven, Belgium) for his help with the 
statistical analysis and Dr. E. K. O. Kruithof (Depart- 
ment of Haematology, Centre Hospitalier Universitaire 
du Vaudois, Lausanne, Switzerland) for providing all 
essential reagents for the PAI-2 assay. 
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Zinc, cadmium, and hypertension in parturient women 


Noam Lazebnik, MD, Betty R. Kuhnert, PhD; and Paul M. Kuhnert, PhD, MD 


Cleveland, Ohio 


Zinc deficiency and cadmium toxicity have both been implicated in hypertension during. pregnancy. The 
goals of this study were twofold: first, to assess the different zinc indices (plasma, red blood cell zinc, 
heat-labile alkaline phosphatase, and placental zinc) in normotensive and hypertensive parturients to 
determine whether they are altered in the different types of hypertension that occur during pregnancy; 
second, to assess whole-blood cadmium and placental cadmium with regard to hypertension and zinc 
status, Patients were diagnosec as having chronic hypertension or preeclamptic toxemia and were then 
further divided into groups on the basis of smoking status. Each patient was matched with a normal contro! 
subject based on age, parity, and smoking status. Forty-three hypertensive patients and their matched 
control subjects were studied. No differences were found in the various zinc indices between chronic 
hypertensive parturients and normal contro! subjects. However, in parturients with preeclamptic. toxemia, 
the plasma zinc level was 19% lower than in control subjects (p < 0.02); these patients had the lowest 
plasma zinc level of the three groups. Placental zinc was also 12% lower in patients with preeclamptic 
toxemia than in control subjects (o < 0.04). Whole-blood cadmium and placental cadmium levels did not 
differ between control subjects or hypertensive patients. However, a significant positive correlation was 
found between. whole-blood cadmium and plasma zinc levels in preeclamptic toxemia (r = 0.53; p < 0.08). 
` The results support a marginal zinc deficiency in parturients with preeclamptic toxemia but not in those 
with chronic hypertension. The role of cadmium in the cause of preeclamptic toxemia remains unclear. (AM 


J OBSTET GYNECOL 1989;161:437-40.) 
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Several previous studies have related abnormally low 
zinc levels to hypertension during pregnancy.’* Some 
of these studies included only those patients with pre- 
eclamptic toxemia,” whereas others did not specify the 
type of hypertensive disorder.' Most studies used the 
maternal plasma zinc level as the sole indicator of zinc 
status. Recently, Adeniyi* reported lowered maternal 
plasma zinc and, leukocyte zinc levels in some patients 
with preeclamptic toxemia. 

Lazebnik et al’ and Kuhnert et al.®” have shown that 
some indices of zinc status depend on smoking, age, or 
parity. These important factors were not taken into 
consideration in the early studies of zinc and hyper- 
tension. Moreover, other indices of zinc status such as 
red blood cell zinc, placental zinc, or zinc-dependent 
enzymes have not been adequately studied in hyper- 
tensive parturients. 

There is also a need to study the possible role of 
cadmium in hypertension during pregnancy.’ The 
strongest evidence to link cadmium with hyperten- 
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sion is derived from animal studies’ and tissues at au- 
topsy from hypertensive patients.? Cadmium toxicity 
has been hypothesized as being responsible for pre- 
eclamptic toxemia during pregnancy.’ The question of 
whether pregnant patients are more sensitive to the 
toxic effect of cadmium or whether there are higher 
levels of cadmium in the blood or placenta of these 
patients has not been answered. Recent reports of in- 
teractions between cadmium and zinc in the placenta 
of normal patients®’ suggest that these questions need 
to be addressed in hypertensive patients. 

Our study had two goals. First, we wanted to assess 
the different zinc indices (plasma zinc, red blood cell 
zinc, heat-labile alkaline phosphatase, and placental 
zinc) in normotensive and hypertensive parturient 
women to determine whether they are altered in the 
different types of hypertension in pregnancy. Second, 
we wanted to assess whole-blood cadmium and placen- 
tal cadmium levels with regard to hypertension and zine 
status. 


Material and methods 


Patients and collection of samples. Eighty-six 
women were studied at the time of delivery. All were 
given a full explanation of the purpose, potential ben- 
efits, and hazards of the study in order to obtain ap- 
propriate informed consent. The study was approved 
by the human investigation committee of Cleveland 
Metropolitan General Hospital. 
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Table I. Indices of zinc status with regard to type of hypertension and smoking 













Alkaline phosphatase 
(units/100 ml) 
(mean + SD) 










Placental zine (pgi gm) 
(mean + SD) 


Red blood cell zinc (pug! dl) 
(mean + SD) 


Plasma zinc (gidi) 
(mean + SD) 





Nonsmokers i ; 
Preeclamptic toxemia 42 + 10* 123] + 125 5.9 + 2 9.7 = 1.5* 
(m = 17) 
Matched controls 52 + 13 1213 + 120 6.142 10.9 + 1.9 
(n = 17) 
Chronic hyperten- 5341) 1307 + 211 5.5 2 2 10.3 + 2.2 
sion (n = 14) : 
Matched controls 52+ 11 1216 + 198 5.341 10.2 + 1.7 
(n = 14) 
Smokers 
Preeclamptic toxemia 43 + 11 1251 + 83 6.2 + 1 97+ 17 
(n = 3) 
Matched controls 58+ 7 1306 + 266 5.5 +2 12.1 + 14 
(n = 3) 
Chronic hyperten- 63 +9 . 1288 + 207 5.5 + 3 11.5 + 2.8 
` sion (n = 9) 
Matched controls 64 + 6 1116 + 142 BEE 11.5 + 2.1 
(n = 9) 





*Significantly different from matched controls, p < 0.05. 


Patients were classified according to the following further subdivided into smokers and nonsmokers. Each 
criteria. For the diagnosis of preeclamptic toxemia, the patient was then matched with a normal control subject 
patient had to have a blood pressure of 140/90 mm based on age, parity, and smoking status. 

Hg or an increase above baseline of 30 mm Hg in the Data analysis. Statistical analyses were performed 
systolic pressure or 15 mm Hg in the diastolic pressure. with the BMDP statistical software package" and a Dec 
Generalized edema and/or proteinuria were used as Vax 11/750 computer with a Unix operating system. 
additional diagnostic criteria. For the diagnosis of Data analysis consisted of descriptive statistics, ¢ tests, 
chronic hypertension, the patient had to have a blood and simple correlations to obtain an overview of sig- 
pressure >140/90 mm Hg detected earlier than 20 nificant differénces between the groups (sinokers and 
weeks of gestation or dating to the prepregnancy pe- nonsmokers) and interrelationships between the var- 
riod. Patients with diabetes, chronic urinary tract in- ious biochemical indices. One-way analysis of variance 
fection, liver diseases, chorioamnionitis,.and chronic was done to assess significance for a given trace element 
hypertension with superimposed preeclamptic toxemia between the normal parturients, parturients with 
were excluded from the study. chronic hypertensive disorder, and pregnancy-induced 

An aliquot of 20 ml of venous blood was obtained hypertension. Significance was accepted at p < 0.05. 
within an hour of delivery by means of a plastic syringe . 
and stainless steel needle to assess the patient’s zinc Results 
status. Samples were analyzed for plasma zinc, red Forty-three hypertensive patients and their matched 
blood cell zinc, and heat-labile alkaline phosphatase, a control subjects were included in the study. Since there 
zinc-requiring enzyme. The samples were also analyzed were only three parturients with preeclamptic toxemia 
for whole-blood cadmium. The procedures for sample who smoked, they were not included in the statistical 
collection and analysis have been reported previously.’ analyses. However, they were included in the tables. 
Smoking status was determined by analysis of plasma Maternal and placental zinc status, and whole blood 
thiocyanate, by the clinical record, and by question- and placental cadmium levels are presented in Tables 
naires. Patients with thiocyanate values <60 m/L were I and II, respectively. The results in Table I suggest 
defined as nonsmokers and those with values >59 that there were no differences in the various zinc in- 
um/L were defined as smokers. dices between chronic hypertensive parturients and 

Samples of placental tissue were obtained after sev- normal control subjects in either of the smoking 
eral cotyledons had been perfused with 2 L of cold 0.9% groups. However, in parturients with preeclamptic tox- 
saline solution to remove excess blood; the membranes emia, the plasma zinc level was 19% lower than in nor- 
and blood vessels were removed. Each sample was an- mal subjects. This was true for nonsmokers and smok- 
alyzed for placental cadmium and placental zinc. ers. Patients with preeclamptic toxemia had the lowest 

The patient population was divided into two groups, plasma zinc level of any group. Neither the red blood 
those parturients with chronic hypertension and par- cell zinc nor heat-labile alkaline phosphatase levels were 


turients with preeclamptic toxemia. The groups were different. 
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Table II. Whole-blood and placental cadmium with regard to type of hypertension and smoking 












Nonsmokers 
Preeclamptic toxemia (n = 17) 
Matched controls (n = 17) 
Chronic hypertension (n = 14) 
Matched controls (n = 14) 
Smokers 
Preeclamptic toxemia (n = 3) 
Matched controls (n = 3) 
Chronic hypertension (n = 9) 
Matched controls (n = 9) 








Whole-blood cadmium 


(mean + SD) 


Placental cadmium 


(ng/gm) 
(mean + SD) 


(ng/ gm) 





0.63 + 0.3 5.95 + 2.3 
0.60 + 0.3 5.89 + 2.3 
0.64 + 0.3 5.66 + 3.3 
0.63 + 0.3 6.41 + 2.6 
1.98 + 1.2 10.53 + 1.5 
0.99 + 0.2 6.86 + 1.2 
1.29 + 0.4 14.1 + 8.4 
1,22 + 0.8 11.7 + 4.0 


None of the values were significantly different from matched controls at p < 0.05. 


There were no significant differences in placental 
zinc levels between parturients with chronic hyperten- 
sion and their controls; this was true whether or not 
they smoked. The level of placental zinc was 12% lower 
in nonsmoking parturients with preeclamptic toxemia; 
there was a similar trend in the three smokers with 
preeclamptic toxemia. 

The whole-blood cadmium level, which is shown on 
Table II, was not different between control patients and 
those with chronic hypertension or preeclamptic tox- 
emia. When smoking status was taken into account, 
normal smokers had higher levels of cadmium than 
normal nonsmokers (p < 0.01). Chronic hypertensive 
patients who smoke also have higher whole blood cad- 
mium levels than chronic hypertensive patients who do 
not smoke. There were very few parturients with pre- 
eclamptic toxemia who smoked. Their cadmium levels 
were similar to normal and chronic hypertensive 
smokers. 

Placental cadmium levels were not statistically dif- 
ferent between normal subjects and hypertensive par- 
turients regardless of the type of hypertensive disorder. 
However, chronic hypertensive patients who smoked 
had the highest placental cadmium levels. Smoking sig- 
nificantly increased placental cadmium levels regard- 
less of hypertensive status. 

Relationships between levels of maternal whole blood 
cadmium and the different zinc indices in maternal 
blood were tested with regression analysis in smokers 
and nonsmokers. A significant correlation was found 
between levels of whole blood cadmium and plasma 
zinc in nonsmoking parturients with preeclamptic tox- 
emia (r = 0.53, p< 0.05). No correlations with the 
other zinc indices were found in either normal subjects 
or chronic hypertensive patients. 


Comment 


Several studies have been published in the past that 
suggested a relationship between zinc status and hy- 
pertensive disorders during pregnancy.’* Other au- 
thors have hypothesized a role for cadmium.” ° The 


purpose of our study was to comprehensively assess 
various indices of zinc status and examine potential 
interactions with cadmium in a carefully diagnosed and 
matched population. The major findings are that pa- 
tients with preeclamptic toxemia, but not chronic hy- 
pertensive patients, have altered zinc indices and an 
abnormal relationship between whole blood cadmium 
and plasma zinc levels. The results support a marginal 
zinc deficiency in patients with preeclamptic toxemia 
but not in those with chronic hypertension. The role 
of cadmium in the cause of preeclamptic toxemia re- 
mains unclear. 

Until recently, plasma zinc was the only zinc index 
studied.'* Adeniyi‘ recently reported a relationship be- 
tween plasma zinc, maternal leukocyte zinc, and pre- 
eclamptic toxemia. Compared with normal subjects, 
pregnant patients who developed preeclamptic toxemia 
and were delivered of small for gestational age infants 
had significantly lower levels of maternal leukocyte 
zinc. No difference was found in patients with pre- 
eclamptic toxemia who gave birth to appropriate for 
gestational age infants. The author did not control for 
maternal age, parity, or smoking status. Our results also 
support altered plasma zinc in pregnant patients wtih 
preeclamptic toxemia. Regardless of smoking status, 
the level of plasma zinc was 19% lower than in the 
matched control subjects. Mean maternal plasma zinc 
levels of 42 ug/dl at term were well below the mean 
value of 57 g/dl for plasma zinc previously reported 
for our population.’ 

In view of the potential role of zinc deficiency in the 
cause of pregnancy-induced hypertension, the effect of 
zinc supplementation during pregnancy was studied by 
Hunt et al." Zinc supplementation reduced the occur- 
rence of pregnancy-induced hypertension in Mexican- 
American women, but the occurrence of hypertension 
was not related to serum zinc concentrations. 

Placental zinc levels in patients with preeclamptic tox- 
emia were also significantly lower than in matched con- 
trol subjects. This finding has not been previously re- 
ported. In contrast, levels were not different in par- 
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turients with chronic hypertension. If it is assumed that 
placental zinc is representative of zinc levels in other 
organs in the body, then it may be speculated that pre- 
eclamptic toxemia is associated with depletion of zinc 
stores in other body tissues and in the plasma. This 
supports the hypothesis that suboptimal zinc stores may 
be the cause of the hypertensive disorder. However, 
preeclamptic toxemia is primarily a disease of primi- 
gravid women, whereas depleted zinc levels are more 
common in multiparous patients.’ Nevertheless, there 
are some clinical and laboratory manifestations com- 
mon to preeclamptic toxemia and zinc deficiency in 
laboratory animals.’ These include abnormal water bal- 
ance, elevated hematocrit, altered prostaglandin syn- 
thesis, bleeding tendency, abnormal platelet aggrega- 
tion, and growth retardation of the fetus. 

Regression analyses were done to determine whether 
the different zinc indices in blood are influenced by 
whole-blood cadmium levels. A significant correlation 
was found between the level of whole-blood cadmium 
and plasma zinc in nonsmoking parturients with pre- 


eclamptic toxemia. This has. not been reported previ-: 


ously. No relationships were found in normal partu- 
rients or in those with chronic hypertension. Because 
of these findings, we cannot reject the hypothesis that 
preeclamptic toxemia results from increased sensitivity 
to cadmium or to an unexplained cadmium-zinc inter- 
action. However, higher levels of whole-blood or pla- 
cental cadmium were not found and may not contribute 
directly to the hypertension disorder. 

There are several theories that attempt to explain an 
association with zinc and cadmium in preeclamptic tox- 
emia. Mukherjee et al.’ suggested that lowered plasma 
zinc levels in preeclamptic toxemia are related to the 
concurrent hypoalbuminemia that occurs in pre- 
eclamptic toxemia. Others have suggested that mar- 
ginal zinc deficiency states associated with pregnancy 
and a low-protein diet might confer an increased sen- 
sitivity to cadmium toxicity.? This condition may in turn 
result in vasoconstriction, sodium retention, altered cat- 
echolamine metabolism, increased renin activity, and 
resultant hypertension. However, if this were true, one 
would expect an increased incidence of preeclamptic 
toxemia in smokers who have higher cadmium levels. 
In contrast, fewer smokers develop preeclamptic tox- 
emia.” Our study does not strongly support the cad- 
mium hypothesis because neither whole-blood nor pla- 
cental cadmium levels differed among normal controls, 
chronic hypertensive patients, or parturients with pre- 
eclamptic toxemia. This was true regardless of smoking 
status. 

There is further support for the role of cadmium in 
hypertension. It has been suggested that cadmium 
could influence sodium and calcium metabolism in ex- 
perimental hypertension.“ Application of moderate 
cadmium caused a marked elevation in blood pressure 
and an increase in sodium retention. Further investi- 
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gation suggested an increase of intracellular calcium 
concentrations in rats with cadmium-induced hyper- 
tension. The increased intracellular sodium concentra- 
tions caused an increase in intracellular calcium con- 
centrations, which in turn induced an increased vas- 
cular tone and resulted in an elevation of blood 
pressure." 

We conclude that maternal plasma zinc, placental 
zinc, and the relationship between whole-blood cad- 
mium and plasma zinc is altered in parturients with 
preeclamptic toxemia, but not in those with chronic 
hypertension. Maternal red blood cell zinc and heat- 
labile alkaline phosphatase are not changed. The re- 
sults suggest a marginal zinc deficiency in patients with 
preeclamptic toxemia but not in those with chronic hy- 
pertension. The role of cadmium in the cause of pre- 
eclamptic toxemia remains unclear. 

This study suggests a need for additional well- 
controlled studies of the relationship between zinc sup- 
plementation, tissue and plasma zinc, cadmium levels, 
and the incidence of preeclamptic toxemia. 
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Erythrocyte cation metabolism in preeclampsia 


James R. Sowers, MD, Michael B. Zemel, PhD, Richard A. Bronsteen, MD, 
Paula C. Zemel, PhD, Mary F. Walsh, PhD, Paul R. Standley, MS, and Robert J. Sokol, MD 


Detroit, Michigan 


To determine if there are abnormalities in cellular cation regulation in pregnancy-induced hypertension, 
erythrocyte intracellular levels of calcium, magnesium, sodium, and potassium and circulating parathyroid 
hormone and “endoxin” were examined in 13 women with pregnancy-induced hypertension and 34 contro! 
subjects matched for gestational age (=35 weeks). Both endoxin and parathyroid hormone levels were 
higher in patients with pregnancy-induced hypertension than in control subjects (endoxin, 294 + 34 vs. 
210 + 19 pg/ml, p < 0.05; parathyroid hormone, 0.65 + 0.05 vs. 0.60 + 0.03 ng/ml); the increase was 
significant only for endoxin. Intracellular calcium was higher in the patients with pregnancy-induced 
hypertension (0.033 + 9.010 vs. 0.015 + 0.001 mEq/L, p < 0.05, in the patients with pregnancy-induced 
hypertension and control patients, respectively) but intracellular sodium, potassium, and magnesium levels 
were not different. This intracellular calcium elevation may be caused directly by the increase in 
parathyroid hormone or indirectly by the observed elevation in endoxin. Our data indicate that the 
observed effect is specific because no changes in intracellular sodium, potassium, or magnesium levels 


were found. (AM J Osster GYNECOL 1989;161:441-5.) 


Key words: Preeclampsia, cation metabolism, calcium, endoxin 


Studies of the cause and pathogenesis of pregnancy- 
induced hypertension (PIH) and -preeclampsia have re- 
ported primary abnormalities related to immunologic, 
hemodynamic, dietary, endocrine, and uteroplacental 
blood flow function.’ However, cellular abnormalities 
in PIH remain poorly understood. Recently some at- 
tention has been directed to the possibility that altered 
cellular cation metabolism may play a role in the patho- 
genesis of PIH and preeclampsia.*® 

Hypertension is more common in blacks than in 
whites. Although the mechanisms for these racial dif- 
ferences are not clear, there is accumulating evidence 
to indicate that differences in cellular cation metabo- 
lism may partially be responsible for the racial differ- 
ences in hypertension.” Cooper et al.” recently reported 
that untreated black patients with hypertension have 
elevations in both erythrocyte sodium and platelet ion- 
ized calcium levels. It has been suggested that concom- 
itance of elevated cellular sodium and calcium may re- 
sult from the elaboration of a natriuretic substance, 
“endoxin,” that inhibits sodium-potassium adenosine 
triphosphatase activity and thereby elevates intracel- 
lular sodium levels.’ Accordingly, elevations in sodium 
would then result in decreased sodium-calcium ex- 
change and elevations in cellular calcium.’ Another pos- 
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sible mechanism for elevated intracellular calcium is 
suggested by recent observations regarding parathy- 
roid hormone, a known calcium ionophore, in several 
tissues, including vascular smooth muscle.’ Our inves- 
tigative group has recently reported that increasing di- 
etary salt in black patients with hypertension results in 
significant increases in levels of both parathyroid hor- 
mone and intracellular calcium.’ We have recently 
found that parathyroid hormone inhibits erythrocyte 
sodium-potassium adenosine triphosphatase activity 
(unpublished data). These data suggest that parathy- 
roid hormone may raise levels of intracellular calcium 
both directly, as a calcium ionophore, and/or indi- 
rectly, by inhibiting sodium-potassium adenosine tri- 
phosphatase activity, thus reducing sodium-calcium ex- 
change. 

This study was undertaken to evaluate erythrocyte 
cation concentrations and those circulating factors that 
may regulate intracellular cations in black patients with 
preeclampsia and normotensive control subjects of sim- 
ilar gestational age. 


Material and methods 


We evaluated 47 primigravid black women with ges- 
tational age =35 weeks. Patients with preexisting in- 
trinsic renal disease, diabetes mellitus, or hypertension 
were excluded from the study. Preeclampsia was de- 
fined by standard American College of Obstetricians 
and.Gynecologists criteria for hypertension and pro- 
teinuria. Specifically, hypertension was defined as the 
presence of a blood pressure of 140/90 mm Hg. Pro- 
teinuria was defined as excretion of >300 mg of urinary 
protein/24 hours. None of the patients studied took 
antihypertensive medication at the time of study. Table 
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Fig. 1. Serum magnesium and ionized calcium in patients with preeclampsia and normotensive 


gestational control subjects (mean + SE). 


Table I. Demographic characteristics of study populations 








Age 

Group N (r) 

Control subjects 34 25.2 + 
Women with preeclampsia 13 23.7 + 


Mean gestational age Mean arterial pressure 


(wk) (mm Hg) 
38.0 + 0.5 79.2 + 1.8 
38.7 + 0.6 98.5 + 3.5* 





All data expressed as mean + SEM. 
*p < 0.001 versus control subjects. 


I describes the key characteristics of the two study 
groups. Informed consent was received from all pa- 
tients. This study was approved by our institutional 
review board. 

Blood samples were obtained by venipuncture with 
the patients in the lateral decubitus position. The ion- 
ized calcium level was measured by a calcium-specific 
electrode standardized to pH 7.40 (model I CAI, Ra- 
diometer, Copenhagen, Denmark) in serum obtained 
under anaerobic conditions and analyzed in duplicate 
either immediately or in serum frozen up to 24 hours. 
Serum sodium, potassium, and magnesium levels were 
measured by atomic absorption spectrophotometry. 
Heparinized blood for determination of erythrocyte 
intracellular cation levels was collected in prechilled 
tubes and prepared as follows. The sample was cen- 
trifuged at 1500 g for 10 minutes at 4° C, and the plasma 
and buffy coat were removed by aspiration. The re- 
maining erythrocytes were then washed three times in 
ice-cold 140 mmol/L choline chloride with 10-minute 
centrifugations at 1500 g arid 4° C between washings. 
After the last washing, the hematocrit and cell count 
for each sample preparation were determined and al- 
iquots were prepared for determination of cation levels 
by lysing in one volume of distilled-deionized water. 
Samples were frozen for subsequent analysis. 

Sodium and potassium levels were determined in the 
aliquots prepared for intracellular cation analysis by 
flame atomic absorption after dilution in the appro- 
priate diluent to suppress ionization interference (26 
mmol/L potassium chloride for sodium determination 
and 43.5 mmol/L sodium chloride for potassium de- 





termination). Erythrocyte calcium and magnesiuin 
levels were determined by atomic absorption after di- 
lution of the washed sample in 0.5% lanthanum chlo- 
ride and 0.001% Triton X-100. 

Serum levels of parathyroid hormone were measured 
by a radioimmunoassay that uses an antibody directed 
to the midportion of the human parathyroid mole- 
cule.” Endoxin was assayed by a radioimmunoassay 
procedure with a Rainin digoxin antibody. All data 
were evaluated for normality of distribution and equal- 
ity of variance before determination of differences be- 
tween sample means by ¢ test. All data are expressed 
as mean + SEM. 


Results 


Mean age and gestational age were not different for 
the patients with preeclampsia and the control groups 
(Table I). Mean arterial blood pressure was obviously 
greater in the preeclamptic group. The young black 
women were all from similar socioeconomic back- 
grounds and resided in urban Detroit. 

Fig. | shows that the serum magnesium and plasma 
ionized calcium levels in the two groups were compa- 
rable, Similarly, intracellular levels of sodium, potas- 
sium, and magnesium in erythrocyte were not different 
in the two groups (Fig. 2). However, intracellular cal- 
cium levels were twice as high (p< 0.01) in the 
erythrocytes from patients with preeclampsia (0.033 + 
0.010 mEq/L) as in the normotensive control patients 
(0.015 + 0.001 mEq/L) (Fig. 2). 

Fig. 3 indicates that plasma levels of endoxin were 
greater (p < 0.05) in the patients with preeclampsia 
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Fig. 2. Erythrocyte cation levels in patients with preeclampsia and gestational contro: subjects 


(mean + SE). 


(294 + 34 pg/ml) than in the gestational control sub- 
jects (210 + 19 pg/ml). Serum parathyroid hormone 
levels were higher in the patients with preeclampsia 
(0.65 + 0.05 ng/ml) than in the normotensive gesta- 
tional control subjects (0.60 + 0.03 ng/ml), but this dif- 
ference only approached statistical significance (p < 
0.1, Fig. 4). 


Comment 


This study demonstrates that erythrocyte calcium 
levels are clearly elevated in young black patients with 
preeclampsia when compared with normotensive ges- 
tational control subjects. This increase was specific for 
calcium because intracellular concentrations of sodium, 
potassium, and magnesium were not different for the 
two study groups. This increase in erythrocyte calcium 
also appears to be independent of serum ionized cal- 
cium levels, which were not altered in the group of 
patients with preeclampsia. 

The increase in erythrocyte calcium levels is similar 
to the twofold elevation in platelet calcium in pre- 
eclampsia that was recently reported.’ Increased cal- 
cium concentrations also have been observed in pla- 
cental tissue from patients with preeclampsia.” If these 
observations in erythrocyte, platelet, and placental tis- 
sue extend to maternal vascular smooth muscle, then 
increased cellular calcium may be causally related to 
the enhanced vascular reactivity observed in pre- 
eclampsia.” Increased vascular constriction related to 


elevated smooth muscle calcium levels may be a factor 
in the increased incidence of uteroplacental hypo- 
perfusion seen in preeclampsia. Nitrendipine, a cal- 
cium channel blocker, has been shown to markedly in- 
hibit vasoconstrictor responses in human chorionic ar- 
teries.’ 
Increased intracellular calcium has been reported in 
- erythrocytes” and in platelets’ of patients with essential 
hypertension, This increase has been attributed both 
to intrinsic cellular defects and alterations in circulating 
factors (e.g., natriuretic factor (endoxin) and parathy- 
roid hormone), which may then directly or indirectly 
affect increases in intracellular calcium, In our study, 
levels of endoxin, a digoxin-like inhibitor of sodium- 
potassium adenosine triphosphatase, were higher in 
women with preeclampsia than in normotensive ges- 
tational control subjects. This factor may increase 
peripheral vascular resistance through inhibition of 
sodium-potassium adenosine triphosphatase activity. 
However, if this were an important operative mecha- 
nism for increased cellular calcium levels, then intra- 
cellular sodium levels should also be elevated.* In this 
study erythrocyte sodium levels were slightly (not sig- 
nificantly) higher in patients with preeclampsia than in 
gestational subjects. This observation is in agreement 
with previous reports that erythrocyte sodium levels are 
not elevated in PIH* or in preeclampsia.’ Although 
short-term exposure of erythrocytes to digoxin results 
in a decrease in sodium-potassium adenosine triphos- 
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Fig. 4. Serum parathyroid hormone (PTH) levels in patients with preeclampsia and gestational con- 


trol subjects (mean + SE). 


phatase activity and an accompanying increase in cell 
sodium,” long-term exposure is associated with com- 
pensatory increases in sodium-potassium adenosine tri- 
phosphatase activity and a return to pretreatment cell 
sodium levels.'® Accordingly, these observations may 
explain the minimal increases in erythrocyte sodium 
levels despite significant elevations in endoxin in pre- 
eclampsia. 

In this study circulating parathyroid hormone levels 
were elevated and approached statistical significance in 
patients with preeclampsia despite the fact that serum 
concentrations of ionized calcium and magnesium were 
not different in the two study groups. Our observation 
of similar calcium levels in patients with preeclampsia 
and controls is in agreement with previous observations 
by Richards et al. Normal ionized calcium levels with - 
a tendency toward increased parathyroid hormone 
levels could reflect decreased calcium intaké and/or 
absorption, or increased urinary excretion of calcium. 
Regardless of the cause, elevated parathyroid hormone 


levels may be an important-factor with regard to ele- 
vated erythrocyte calcium levels. Indeed, parathyroid 
hormone is a well-defined calcium ionophore in a va- 
riety of cell types, including erythrocytes and vascular 
smooth muscle. Recent data from our laboratory sug- 
gest that parathyroid hormone elevations in salt- 
sensitive hypertensive black patients may be causally 
related to salt-induced elevations in blood pressure,” 
possibly through the action of parathyroid hormone as 
a calcium ionophore.’ 

Thus, to the extent that data from erythrocytes may 
be extrapolated tə- vascular smooth muscle, our data 
suggest a potential role for parathyroid hormone in 
increased cellular uptake of calcium in vascular smooth 
muscle, thereby increasing vascular reactivity in pre- 
eclampsia. 


We thank Doris King for her assistance in manuscript 
preparation. We also thank Barbara Bedford for tech- 
nical assistance. 
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Immunoregulatory activity in supernatants from cultures of 
normal human trophoblast cells of the first trimester 


Mrinal K. Sanyal, PhD, Charles J. Brami, MD, Paul Bischof, PhD, Edwina Simmons, MD, 
Eytan R. Barnea, MD, John M. Dwyer, MD, PhD, and Frederick Naftolin, MD, DPhil 


New Haven, Connecticut, and Geneva, Switzerland 


Supernatants from isolated trophoblast cell cultures (trophoblastic fluid) derived from first-trimester human 
placentas were assessed for immunoregulatory activity. Trophoblastic fluid at different days of culture 
consistently inhibited the blast transformation of allogenic lymphocytes. This suppressor effect had no 
apparent correlation with biosynthesis of human chorionic gonadotropin by trophoblast cells, since this 
hormone was secreted into the culture fluid only for the initial 3 days. However, the culture fluids of such 
purified trophoblast cells contained an immunosuppressive factor, pregnancy-associated plasma protein A, 
which was measurable throughout the culture period of 8 days. The presence of pregnancy-associated 
plasma protein A in significant amounts in trophoblastic fluid collected at daily intervals indicated a 
continuous secretion ability of pregnancy-associated plasma protein A by trophoblast cells in culture 
parallel to the suppressive immunoregulatory effect of the fluid. Such immunosuppressive effect was 
absent in the culture fluids of control BeWo malignant trophoblast celis; the BeWo cell culture fluids had 
markedly reduced levels of pregnancy-associated plasma protein A. The culture supernatant of normal 
trophoblast cells of placentas from first-trimester pregnancy activated in vitro the generation of a population 
of suppressor lymphocytes. This effect is generally considered responsible for immunologic tolerance. 
Therefore demonstration of immunosuppressive effects and the presence of relatively high levels of 
pregnancy-associated plasma protein A in trophoblastic fluid indicate that such proteins secreted by the 
trophoblast cells may be important in the local immunoregulatory processes of the fetal allograft. (Am J 


OssteT GYNECOL 1989;161:446-53.) 


Key words: Pregnancy-associated plasma protein A, first trimester, immunosuppression, 


suppressor cell activation, trophoblast cell culture 


As an intervening layer of cells between fetal and 
maternal tissue, the placental trophoblast is likely to 
play a crucial role in the regulation of maternal immune 
responses to the fetus (allograft) during pregnancy. 
The absence of expression of major histocompatibility 
complex antigens on the syncytiotrophoblast, the ability 
of the fetal placenta to form complexes with maternal- 
blocking antibodies, the existence of strong suppressor 
cell activity in the fetus, and the production of mole- 
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cules by the trophoblast or maternal decidua that in- 
duce immunosuppression in the microenvironment of 
the placenta are among the suggested mechanisms of 
immunoregulation that are of considerable current in- 
terest. >? 

In this regard, Bischof et al.** and Barnea et al.* have 
shown that human decidua and trophoblast cells pro- 
duce specific proteins, such as pregnancy-associated 
plasma protein A, which have the capability to inhibit 
in vitro lymphoblast transformation. It has also been 
reported that placental steroid and protein hormones 


-could regulate the local immune responses.’ In addi- 


tion, immunoglobulins eluted from murine placentas 
specifically enhanced the tumor allografts of paternal 
strain placed on a maternal recipient. IgG fractions 
isolated from human placental eluates prevented the 
production of a macrophage-inhibiting factor by ma- 
ternal lymphocytes responding to paternal antigens.’ > 
Thus it is likely that the microenvironment of the tro- 
phoblast interface is an important element in the main- 
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tenance of the fetal allograft. The factor produced by 
the trophoblast cells may be involved in the regulation 
of this process during gestation. 

Therefore in the present study we examined the im- 
munosuppressive activity on mononuclear cells and also 
the suppressor T cell activation capability of culture 
supernatants of isolated and purified first-trimester 
human placental trophoblast cells (trophoblastic fluid). 
In addition, we simultaneously assayed concentra- 
tions of human chorionic gonadotropin (B-hCG) and 
pregnancy-associated plasma protein A in the same tro- 
phoblast cell culture supernatant to determine whether 
trophoblastic cells may produce immunoregulatory fac- 
tors that may be important for the maintenance of the 
fetal allograft. 


Material and methods 


Trophoblast cell culture. Human trophoblast cells 
of first-trimester pregnancies were isolated and cul- 
tured as primary monolayer cultures by the proce- 
dures previously described.*’ In this procedure first- 
trimester ( 8 to 12 weeks’ gestation), normal human 
placentas of elective termination of pregnancy by suc- 
tion procedure were washed in ice-cold normal saline 
solution, and placental villi were dissected under a bin- 
ocular microscope (magnification x50). These villus 
tissues were then exposed for 10 to 20 minutes to a 
solution of tissue culture medium 199 (Gibco Labora- 
tories, Grand Island, N.Y.) containing 0.2% tryp- 
sin, 0.02% ethylenediaminetetraacetic acid, and 2200 
Kunitz units/ml of bovine pancreatic deoxyribonucle- 
ase (all from Sigma Chemical Co., St. Louis, Mo.). After 
constant agitation for 10 minutes, dislodged tropho- 
blast cells were collected by centrifugation at 400 x g 
for 10 minutes. They were then purified by centrifu- 
gation through a Ficoll-Hypaque gradient and assessed 
for viability by the trypan blue exclusion test. Aliquots 
of trophoblast cells (0.5 x 10° cells/ml) were placed 
into 35 mm diameter Petri dishes containing tissue cul- 
ture medium (Waymouth’s MB 752/1 and Gey’s basal 
salt solution, 55:45), 15% bovine fetal serum, and an- 
tibiotics (penicillin and streptomycin, 100 ug/ml). They 
were then cultured for various intervals ranging from 
l to 12 days at 37° C in 5% CO, and air. The culture 
medium for these trophoblast cells was changed daily. 

BeWo malignant trophoblast cells (gift of Dr. Roland 
Pattillo, Department of Obstetrics and Gynecology, 
University of Wisconsin, Milwaukee, Wis.) were used 
as controls in the present study. These cells were dis- 
persed with a solution of Ca**- and Mg’”-free Earl's 
basal salt solution containing 0.05% trypsin and 0.02% 
ethylenediaminetetraacetic acid. They were then cul- 
tured with Waymouth’s medium (MB 752/1) that was 
mixed with Gey’s balanced salt solution and bovine fetal 
serum (50:40:10) in an atmosphere of 5% CO, and 
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air at 37° C. The culture medium for BeWo cells was 
changed daily or at 2- to 4-day intervals. 

The supernatants of normal trophoblast cell culture 
(trophoblastic fluid) or those of BeWo cell culture after 
centrifugation were frozen at ~ 20° C until used for B- 
hCG and pregnancy-associated plasma protein A ra- 
dioimmunoassays (RIA) and in vitro immunosuppres- 
sive activity assessment by lymphocytes. The fragments 
of normal villus trophoblasts adjacent to those used for 
disaggregation were frozen in liquid nitrogen. These 
frozen villi were sectioned in a cryostat (4 to 6 pm 
sections) and used for immunohistochemical studies. 
For histologic controls, paraffin sections of placental 
villi and cultured normal trophoblast cells or BeWo 
malignant cells attached to the chamber slides were 
stained with hematoxylin and eosin. 

Biosynthesis of hCG by trophoblast cells. Biosynthe- 
sis of hCG by isolated trophoblast cells was ascertained 
by immunohistochemical tests and RIA measurement 
of trophoblast cell homogenates and culture fluids. Im- 
munohistochemical studies were performed with rabbit 
anti-hCG serum (Cappel, Inc., Malvern, Pa.) to idenufy 
hCG-bearing cells.* All preparations were examined by 
indirect immunofluorescence binding with diluted an- 
tisera (1:100). The incubation period for diluted an- 
tisera with tissues and cells was for 4 to 8 hours at 
4° C, which was previously found to be optimal, Con- 
jugates of fluorescein isothiocyanate~ or tetraethylrho- 
damine isothiocyanate—labeled sheep antirabbit IgG 
were used as a second antibody for localization of hCG, 
The concentration of B-hCG in the trophoblast cell ho- 
mogenates (10° cells/ml in fresh medium) and the tro- 
phoblast culture supernatant was estimated by RIA 
methods with highly specific antisera to B-hCG. 

Secretion of pregnancy-associated plasma protein 
A by trophoblast cells. Pregnancy-associated plasma 
protein A in homogenized cultured trophoblast cells 
and culture fluids was measured by an RIA procedure 
previously described.” The antisera used for RIA was 
produced in the rabbit against a purified preparation 
of pregnancy-associated plasma protein A. This ant- 
serum was highly specific and had no apparent cross- 
reactivity with other similar serum proteins. 

Responsiveness of human mononuclear cells. 
Mononuclear cells were isolated from blood donated 
by healthy adult volunteers by means of standardized 
techniques. They were recovered by ficoll-Hypaque 
gradient centrifugation and resuspended in tssue cul- 
ture media (RPMI 1640) containing 15% bovine fetal 
serum and antibiotics. For mitogen stimulation of lym- 
phocytes, phytohemagglutinin (Sigma Chemical Co., 
St. Louis, Mo.) was added to cells suspended at a con- 
centration of 2 x 10® cells/ml. The three phytohemag- 
glutinin doses were chosen in this study to provide the 
mitogenic stimulation for normal lymphocytes. The fi- 
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Fig. 1. A, Frozen section of placental villi stained for immunofluorescence localization of hCG by 
conjugates of ant-hCG and tetraethylrhodamine isothiocyanate. Intense positive staining for hCG 
could be seen on the outer villus syncytiotrophoblast layer. (% 250.) B, Dislodged and purified 
polygonal trophoblast cells treated with conjugates of anu-hCG and tetraethyirhadamine isothio- 
cyanate showed fluorescence staining, indicating presence of hCG in such cells. (x 450.) ©, Multi- 
nucleated trophoblast derived cell{s) also stained with anti-hCG and tetraethylrhodamine isothio- 
cyanate conjugate showed localization of hCG. (x 450.) 


nal concentrations of these three phytohemagglutinin 
doses in the culture wells were 5 pg/ml (high), I 
pg/ml (medium), and 0.25 pg/ml (low), The culture 
supernatant from normal trophoblast cell culture (tro- 
phoblastic fluid) or that from BeWo cells (25 pl/well) or 
the same volume of culture medium as a control was 
added at the initiation of the mitogen stimulation. 
After 3 days of culture under standard conditions, 
0.5 Ci (tritiated methyl)-thymidine (New England Nu- 
clear, Inc., Boston, Mass., SA 79 Ci/mmol/L) was added 
to each culture well. One day later the cultured cells 
were harvested and prepared for tritiated thymidine 
incorporation assays by means of a liquid scintillation 
counter. Background counts per minute (cpm) from 
control cultures without phytohemagglutinin were sub- 
tracted from those of phytohemagglutinin-sumulated 


cultures. The mean counts per minute and standard 
error of the mean (SEM) from triplicate values of each 
well were calculated. The suppression of thymidine in- 
corporation into mononuclear cells is expressed as the 
percentage reduction in the response of phytohemag- 
glutinin, which was calculated with the following 


formula’: 


% Suppression = 
(cpm responders + trophoblastic fluid) x 100 
(epm responders + culture medium) 





l 


Generation of suppressor cell activity. To determine 
whether trophoblastic Auid could produce suppressor 
T cell activity for immunoregulation, lymphocytes 
treated with supernatant from normal trophoblast cell 
cultures were examined for their ability to reduce the 


Volume 161 
Number 2 


lêr 















SSS 


B- hCG (ng/mi) 


SS 


SS 
SS 


QQ CGR 


immunoregulation of trophoblast cells 449 


C] TROPHOBLAST CELL 


KA CULTURE MEDIUM 


5 6 7 8 
Days of Culture l 


Fig. 2. Concentrations of B-hCG in cells and supernatants of trophoblast cell cultures collected-at 
24-hour intervals after change of medium. ‘Approximately 10° cells/ml were homogenized with 
culture medium for assessment of B-hCG concentration in cells. Goncentrations of this hormone 
declined steadily with prolongation of culture periods. Hormone coricentration in trophoblastic fluid 
was reduced to a level undetectable by RIA procedures after 3 days of culture. l 


mitogenic: response of mononuclear cells to phytohe- 
magglutinin." Lymphocytes (10 x 10°/ ml) were cul- 
_ tured. with or without supernatants from normal tro- 
phoblast cell cultures. The culture volume consisted of 
3 ml of ‘suspended lymphocytes for every 1 ml of tro- 
phoblastic fluid. After 72 hours, these cells were re- 
moved, resuspended in fresh medium, and incubated 
with mitomycin (Sigma Chemical Co.) at 100 pg/ml 
concentration for 30 minutes at 37° C. These treated 
cells were washed four times with buffered salt solution 
and then assessed for viability by the eosin exclusion 
procedure. Approximately 85% of mitomycin-treated 
cells were viable, and these cells were then cocultured 
with responder mononuclear cells for suppressor cell 
assays. These assays were performed in microculture 
plates with wells containing a total of 10° normal fresh 
responder mononuclear cells and an equal number of 
mitomycin- treated control cells or mitomycin- and tro- 
phoblastic fluid- treated lymphocytes. After. 72 hours 
of exposure to phytohemagglutinin (1 pg/ml), cell cul- 
tures were exposed to a pulse of tritiated thymidine 
and terminated as described earlier. Suppression was 
expressed as the percentage reduction in response to 
phytohemagglutinin as calculated by the following 
formula: 


% Stgaetden = í ; 
(cpm responders: + TF stirhulated sells) x 100 


1 
(cpm responders + control cells) 





Results 

` Characterization of trophoblastic cells. sai secre- 
tion of pregnancy-associated plasma protein A incul- 
ture. As described in previous studies, three cell types 
were recognizable in the cultures of isolated normal 
trophoblast cells of first- trimester human placentas.*® 
The most abundant cell type was a medium-sized round 
or polygonal epithelioid cell with a large nucleus. The 
second. category consisted of larger cells containing 
many nuclei. The fibroblast cells were greatly reduced 
in number’ initially, but prolongation ¢ of the culture pe- 
riod tends to increase the population of such cells. The 
rabbit anti-hCG and ‘tetraethylrhodamine, isothiocyan- 
ate (or fluorescein isothiocyanate) conjugates clearly 
stained the intact villus trophoblastic layer of cells (Fig. 
1, A) and the epithelioid and multinucleated cells dur- 
ing the first 3 days of culture (Fig. 1, B and C). The 
BeWo cells also exhibited similar immunostaining with 
anti-hCG and fluorescein isothiocyanate conjugates. 

The levels of 8-hCG in cultured normal trophoblast 
cell homogenates and in trophoblastic fluids during dif- 
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Fig. 3. Pregnancy-associated plasma protein A (PAPP-A) concentrations in supernatants of the same 
trophoblast cell cultures shown in Fig. 2. Undiminished concentration of pregnancy-associated 
plasma protein A during different days cf cultures (24-hour intervals) indicates secretion capability 
by isolated trophoblast cells of such proteins during culture for prolonged periods. 
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Fig. 4. Immunosuppressive activity of supernatants of trophoblast cell cultures at different days of 
culture. Immunosuppressive activity in 24-hour culture supernatants after change of medium is 
approximately 14% to 20% in all culture samples tested. This shows that immunosuppressive activity 
and pregnancy-associated plasma protein A values in trophoblast cell culture fluid show similar 
curves and persist during extended cultures as long as 12 days. 


ferent days of culture measured by RIA are shown in 
Fig. 2. The secretion and biosynthetic ability of hCG 
progressively declitied in such cells during culture, as 
shown by reduced levels of the hormone in tropho- 
blastic fluid, especially after 3 days of culture. However, 
the increase in prégnancy-associated plasma protein A 
concentration in trophoblastic fluids; estimated at 24- 
hour intervals, was unchanged, showing undiminished 
© secretion ability of the protein by such cells in culcure 
for a prolonged period of 8 days (Fig. 3). The pattern 
of continuous pregnancy-associated plasma protein A 


secretion contrasted with the decline in hCG levels in 
the trophoblastic Auid during an extended period of 
culture. 

The BeWo cell culture fluid with a cell population 
similar to that of normal trophoblast cells produced 
significant quantities of hCG continuously. However, 
the levels of pregnancy-associated plasma protein A 
were reduced in the BeWo cell culture fluids, and at 
confluency cultures pregnancy-associated plasma pro- 
tein A concentrations were consistently <14 ng/ml in 
replicate cultures. The levels of pregnancy-associated 
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Table I. Effect of trophoblast cell culture 
supernatants on responsiveness to 
phytohemagglutinin stimulation 

of lymphocytes* 








Responder cells + 
normal trophoblast 
culture fluid 










Responder cells 
alone? 


% suppression 








38,997 + 603 33,315 + 1,696 15 
39,607 + 2,536 33,944 + 1,905 15 
25,267 + 992 20,967 + 717 18 
27,640 + 1,228 25,493 + 193 12 
31,417 + 1,311 24,818 + 2,688 22 
30,532 + 2,124 25,155 + 372 18 
27,854 + 832 25,057 + 254 ll 
19,135 + 222 16,417 + 1,734 15 





*Mean counts per minute + SEM (tritiated thymidine in- 
corporation). 

tResponder lymphocytes from eight different subjects were 
studied. 


plasma protein A in the initial culture medium con- 
taining bovine fetal serum were low (<5 ng/ml). 

Effects of trophoblastic culture fluids on allogenic 
lymphocytes. Immunosuppression studies with tro- 
phoblastic culture fluids and lymphocytes were per- 
formed using the following three experimental pro- 
tocols: (1) supernatant samples of trophoblast cell cul- 
tured for 3 to 5 days from different placentas were 
combined and used for blast-transformation of one 
population of allogenic lymphocytes; (2) the effects of 
combined trophoblastic fluid from- one placental tro- 
phoblast cell culture on lymphocytes from different 
subjects were assessed; and (3) immunosuppressive ef- 
fects were measured in trophoblastic fluid collected on 
different days of culture, at 24-hour intervals in cul- 
tures for prolonged periods. 


In the first series, trophoblastic fluid from nine dif- . 


ferent placentas were used for blast-transformation of 
one population of allogenic lymphocytes. Trophoblas- 
tic fluid from all nine placental tissues significantly in- 
hibited blast-transformation. The mean counts per 
minute + SEM for all control responder cells was 
25,672 + 992, whereas for trophoblastic fluid collected 
on the same days of culture, the overall response of the 
same cells was 21,337 + 763. This represented a sig- 
nificant reduction in tritiated thymidine incorporation 
into allogenic lymphocytes after trophoblastic fuid 
treatment (16.1% + 3.0% suppression, p < 0.01, é test). 
In the second series of experiments, the effects of com- 
bined trophoblastic fluid from each placental culture 
of 3 to 5 days assayed on different populations of phy- 
tohemagglutinin-stimulated lymphocytes isolated from 
eight different subjects are illustrated in Table I. Con- 
trol cultures gave an average value of 30,056 + 
2258 cpm (mean + SEM), and this was significantly 
reduced to 25,646 + 1921 cpm by trophoblastic fluid 
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Table II. Effect of BeWo trophoblastic cell 
culture fluid on phytohemagglutinin 
stimulation of normal lymphocytes* 





Responder cells Responder cells + 
alonet BeWo cell culture fluid | % suppression 

24,633 + 1,018 23,760 + 931 ND 
29,173 + 2,380 32,905 + 533 ND 
22,524 + 1,953 22,053 + 1,352 ND 
25,834 + 4,900 25,582 + 2,402 ND 
20,496 + 1,235 21,951 + 1,839 ND 
24,638 + 805 24,442 + 1,992 ND 





ND, None detectable. 
*Mean counts per minute + SEM. 
{Responder lymphocytes from six different subjects. 


Table III. Spontaneous suppressor cell activity 
of mononuclear cells stimulated by trophoblast 
cell culture supernatants* 


Responder cells} + Responder cells + 





control cells TF-stimulated cells | % suppression 
15,405 + 1,502 6,132 + 209 61 
15,721 + 736 6,898 + 323 57 
15,664 + 1,757 7,190 + 1,067 55 
14,972 + 777 11,106 + 644 26 
17,095 + 74 13,174 + 588 28 
11,504 + 487 10,692 + 1,235 8 


TF, Trophoblast cell culture fluid. 

*Mean counts per minute + SEM (tritiated thymidine in- 
corporation). 

Responder lymphocyte cells from six of 11 subjects studied 
with positive suppression. 


(p < 0.01, paired ¢ test), which represented an average 
of 15.0% + 1.7% suppression. Finally, experiments 
that used samples of trophoblast cells and fluid at dif- 
ferent periods of culture also showed that the immu- 
nosuppressive effects of the supernatants of primary 
trophoblast cultures evaluated by the same methods 
persisted throughout the culture period tested (days 1 
to 12) at a level between 15% and 20% as shown in 
Fig. 4. 

In contrast to normal trophoblast cells of the first 
trimester, the Be Wo malignant cell culture fluid did not 
show immunosuppression under identical experimen- 
tal conditions (Table II). Responder lymphocytes from 
six different subjects were used, and no significant im- 
munosuppression was demonstrated by tritiated thy- 
midine incorporation procedures. 

Induction of suppressor cell activity by tropho- 
blastic fluid. In this study responder lymphocytes were 
collected from 11 different subjects at random. Prein- 
cubation of mononuclear cells with trophoblastic fluid 
from normal trophoblast culture enhanced suppressor 
activity in six of 11 subjects (Table IID. Cells from the 
remaining five subjects in our study group were non- 
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responsive; lymphocytes exposed to the same tropho- 
blastic fluid did not reduce the mitogen-induced trans- 
formation of allogenic responder cells. The degree of 
suppression in the six subjects also was variable and 
ranged from 8% to 61%. In cells from three of six 
subjects, more than 50% suppression could be achieved 
under the conditions used in our assay system. The 
overall average suppression in these six subjects was 
38.33% + 8.24%, and the mean + SEM of tritiated 
thymidine incorporation of controls (15,060 + 701 
cpm) and treated subjects (9199 + 1059 cpm) were sig- 
nificantly different in the paired ¢ test (p < 0.01). 


Comment 


The effects of various pregnancy-related serum pro- 
teins and hormones on maternal immune response 
have been previously studied. Results have shown that 
they may play an important role in immunoregulatory 
processes during pregnancy. The specific factors in- 
volved and the mechanisms of immunoregulatioa at 
the cellular levels are still unclear. The suggestion 
that placental peptide factors, especially pregnaacy- 
associated serum protein A, may significantly contrib- 
ute in immunoregulation has been a compelling 20s- 
sibility. * The present study demonstrated the possible 
immunoregulation capabilities of trophoblast cells of 
the human first-trimester pregnancy by such factors. 
Isolated trophoblast cells from this period of pregnancy 
secreted pregnancy-associated plasma protein A in cul- 
ture, and the same culture fluid has been found to be 
highly immunosuppressive. In addition, this study also 
showed that trophoblast cell-culture fluid could gen- 
erate suppressor cells,which indicates the possibility of 
participation of trophoblast cells in local immunoreg- 
ulation at the interface between fetal and maternal com- 
partments in such processes. 

In cultures of isolated trophoblast cells of the first 
trimester the polygonal epithelioid cells were presam- 
ably cytotrophoblasts, and the multinucleated cells were 
formed by aggregation of the trophoblast cells resem- 
bling syncytiotrophoblast cells. The trophoblastic origin 
of these cells in the present study has been ascertained 
by their morphology and hCG biosynthesis capab-lity 
(Figs. 1 and 2). These cells also secreted substances in 
the culture fluid that consistently reduced the respon- 
siveness of lymphocytes to phytohemagglutinin. This 
in vitro suppressor effect of trophoblastic fluid was ob- 
served in all the monolayer cultures, even for pro- 
longed cultures for 12 days, when hCG hormone bio- 
synthesis had ceased (Fig. 4). Since several trophoblast 
cell types were present in normal first-trimester tro- 
phoblastic cultures; which cell types were responsible 
for immunoregulatory effects remain uncertain. 

The immunosuppressive effect was unrelated to hCG 
secretion capability, since both the cell types of our 
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study; normal trophoblast cells and BeWo malignant 
cells synthesized this hormone (Fig. 2). The culture 
fluids of BeWo cells had no detectable immunosup- 
pressive effect, and their pregnancy-associated plasma 
protein A levels were relatively low (Table II). In con- 
trast, the immunosuppressive effect of trophoblastic 
fluid from normal trophoblast cells correlated with the 
pregnancy-associated plasma protein A secretion ca- 
pability throughout the culture period (Figs. 3 and 4). 
Since pure pregnancy-associated plasma protein A 
preparations have also been shown to be immunosup- 
pressive by the same allogenic lymphocyte tests,’ it 
is therefore likely that pregnancy-associated plasma 
protein A in trophoblastic fluid may have contri- 
buted in part to the immunosuppressive effects of 
trophoblastic fluid. The data of the present study 
showing that the trophoblastic fluids consistently re- 
duced phytohemagglutinin-stimulated proliferative re- 
sponse of lymphocyte samples support this sugges- 
tion. Trophoblastic fluid produced a 15% to 20% 
reduction in tritiated thymidine incorporation into 
phytohemagglutinin-stimulated lymphocytes, indicat- 
ing significant overall immunosuppressive capabilities 
of trophoblastic fluid in all the samples tested (‘Table 
I). In these immunosuppression studies, both the sup- 
pressor and effector cells were from one patient and 
had identical human lymphocyte antigen (HLA) hap- 
lotypes. 

© In our subsequent studies of the ability of tropho- 
blastic fluid to activate suppressor cell activity, the in- 
dicator cultures contain responder lymphocytes that 
were randomly selected and may have expressed hu- 
man lymphocyte antigen haplotypes that were different 
from those of the suppressor cells (Table III). In this 
study the reduced responsiveness of lymphocytes to 
phytohemagglutinin in the presence of the tropho- 
blastic fluid—treated cells was recorded in six of 11 sub- 
jects. This response measures suppressor cell activity 
that exceeds the normal spontaneous suppressor cell 
activity of the control cultures; no suppressor cell ac- 
tivity was generated by 3 days of allogenic coculture in 
these indicator systems." It is possible that the variable 
degree of genetic differences between the human lym- 
phocyte antigen haplotypes was responsible for the 
negative results in five study subjects. Nevertheless, the 
possibility of suppressor T-lymphocyte activation by se- 
cretory products derived from first-trimester tropho- 
blast cells was clear from these data. 

It is now established that major histocompatibility 
complex class 1 antigens (HLA-A, HLA-B, and HLA- 
C) are not expressed in the human syncytiotrophoblast 
cells but messenger ribonucleic acid for them could be 
expressed.'* HLA-DR antigen was also not expressed 
normally in trophoblastic tissues, but under specific cul- 
ture conditions or transformed neoplastic condition, 
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they may be expressed in such tissues.* '* HLA-DR an- 
tigen is responsible for activation of T-lymphocytes,” 
and this process may be highly significant during early 
gestation when syncytiotrophoblasts were absent or re- 
duced over the cytotrophoblast cell layer. The tropho- 
blast and decidual cells produce immunoregulatory 
molecules that may generate suppressor cells to help 
embryo implantation and prevent rejection of the con- 
ceptus.’ Presumably pregnancy-associated plasma pro- 
tein A is one such factor produced by human tropho- 
blast and decidual cells,* and combined effects of such 
factors were responsible for the suppressor effects of 
the trophoblast cells. 

Thus it seems likely that human trophoblast cells se- 
ereted various factors that may be important in main- 
taining the fetal allograft. Local inhibition of immune 
mechanisms and activation of suppressor lymphocytes 
by placental factor(s) make an attractive hypothesis, 
since they would minimize the risk of general immu- 
nosuppression that could produce adverse effects on 
both the fetus and mother during pregnancy. Our pres- 
ent findings suggest that suppressor T cells are perhaps 
produced by factors present in the trophoblastic fluids, 
although the specific role of components in trophoblas- 
tic fluid was not ascertained for this process in this study. 
Suppressor T cells are responsible for immunologic tol- 
erance in various cells and are now considered essential 
in the homeostatic mechanisms for responsiveness 
against self-components. The trophoblast cells are also 
the site of synthesis for various specific proteins and 
steroidal hormones that are immunosuppressive.® 
Therefore a combination of various factors generated 
by trophoblast cell interface between the maternal and 
fetal compartments may be critical in local immunore- 
gulation for maintenance of the fetal allograft. 


We appreciate critical appraisal of the study by Dr. 
Fred S. Kantor. We thank Ms. Charline Johnson for her 
invaluable technical assistance in this study. We also 
thank Ms. Diana Ruffner for her assistance in prepar- 
ing this manuscript. 
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Increased myometrial responsiveness to oxytocin during term 


and preterm labor 


R. E. Garfield, PhD, and S. Beier, PhD 
Hamilton, Ontario, Canada, and Berlin, West Germary 


The contractile effects of oxytocin on the longitudinal and circular muscle of rat uteri from animals 
undergoing term and preterm labor were studied in vitro to define the action of the hormone. The maximal 
tension and slopes of oxytocin dose contractile—response curves, but not the pD; values (—log EDs), 
were higher in both muscle layers at term delivery and aso during preterm delivery induced with 
antiprogesterones compared with responses from tissues of nondelivering animals. These data indicate 


that the myometrium is hyperresponsive and hyperreactive to oxytocin during term and preterm birth but 


not hypersensitive. The increase in oxytocin responsivenzss of the myometrium may be fundamental to 
the initiation of labor and regulated by the increases in oxytocin receptors and postréceptor events, 


including gap junctions, (AM J Obstet GYNECOL 1989;161:454-61.) 


Key words: Myometrium, oxytocin, labor and delivery, parturition, gap junctions 


Oxytocin, an octapeptide from the posterior bitu- 
itary, is recognized as a potent uterine stimulant that is 
thought to be essential for the contractile events of 
parturition.' Clinically, oxytocin is used extensively in 
obstetrics to increase the frequency and force of myo- 
metrial contractility. The initiation of term and preterm 
labor has been ascribed to the augmentation of myo- 
metrial responses to circulating levels of oxytocin 
brought on by an increase in oxytocin receptors present 
on the muscle cells and decidua? and also to the in- 
crease in gap junctions between the muscle cells {i.e., 
improved electrical coupling)? Several," but not 
all,’ studies in vivo and in vitro demonstrate that the 
myometrium is moderately more sensitive to oxytocin 
near the end of pregnancy. Differences in response to 
oxytocin of the longitudinal versus circular muscle lay- 
ers are also recognized.'’*"* However, these studies are 
incomplete, since there are no pharmacologic studies 
of the effects of oxytocin on the myometrium under- 
going either term or preterm labor when the receptors 
and gap junctions are at the highest levels. 

This study clarifies the contractile effects of oxytocin 
on uterine strips from rats during labor and delivery 
at term and also preterm. Uterine tissues were obtained 
from nondelivering rats (days 17, 18, and 21 of ges- 
tation and also 1 day post partum), rats delivering spon- 
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taneously at term (day 22), and during preterm delivery 
(days 17 and 18) after treatment with one of three 
different antiprogesterone compounds (ZK 98.299 and 
ZK 98.734, Schering, Berlin, West Germany; RU 486, 
Roussel Uclaf,.Romainville, France). The tissues, lon- 
gitudinal and circular muscle strips, were mounted in 
muscle baths and the isometric force was recorded. 
Oxytocin was added cumulatively to the bath every 5 
to 10 minutes to give final concentrations ranging from 
10-" to 107 mol/L. Dose-response curves were com- 
puted from the force developed by the tissue cross- 
sectional area per unit time. The maximum response 
(Emax), pD: value (i.e., ~log ED,o), and the slope of the 
dose-response curve were calculated for each tissue, 
and means for each group and differences between 
groups were estimated. 


Material and methods 


Timed-pregnant Wistar rats (Woodlyn, Charles Riv- 
ers, St. Constaint, Quebec, Canada) weighing about 300 
gm were used. Animals treated with antiprogesterone 
agents were injected on the morning of the sixteenth 
day of gestation with either vehicle (controls) or one of 
the antiprogesterones (10 mg/kg) suspended in oil. At 
24 (day 17) or 48 hours (day 18) after the antiproges- 
terone treatments, when, respectively, 10% to 70% of 
the fetuses were delivered, the animals were killed by 
a blow to the head. Similarly, animals were killed on 
day 22 of gestation during spontaneous birth (one to 
three fetuses delivered) or 24 hours post partum. After 
death the uteri were removed, opened down the me- 
sometrial side, and pinned out in dishes with Krebs 
solution. Tissue strips (about 2 mm by 2 cm), either 
parallel or perpendicular to the long axis (i.e., repre- 
senting longitudinal or circular muscle), were cut from 
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Fig. 1. Log oxytocin dose contractile—response curves for longitudinal uterine tissues from rats 
delivering spontaneously at term (DEL) and nondelivering at days 17, 18, and 21 (D17, D18, and 
D21) of gestation and postpartum (pp) (bars = SEM). Ifserted values of pDa, Exay (gm/min/cross- 
sectional area), and slope represent means for each group + SEM (N = number of strips, four strips 
per rat). Values with different superscripts indicate significant differences (p < 0.05) between values. 


the center of one uterine horn over fetal positions but 
not including the placenta regions. 

The ends of the strips were tied with silk thread, and 
each strip was hung vertically in a 20 ml organ bath 
containing Krebs-Ringer solution oxygenated with 5% 
CO, and 95% O,. The tissues were allowed to equili- 
brate for 20 minutes, and a resting force of 0.5 g was 
then placed on each strip. Force was monitored with 
Grass FT 30D isometric transducers connected to an 
eight-chananel Grass recorder. The mean force devel- 
oped by the muscle strip per unit time was determined 
by meastiring the area under the contraction curves 
with a ricrocomputer-linked digitizing tablet. The 
cross-sectional area of each tissue was estimated after 
the experiment from the wet weight of the strip (W), 
its length in the bath (L) and density (D) by means of 
the following formula: 


Ww 
A = — -+D 
rea L 


The force developed by the tissue strip after adding 
the agonist minus the force of the spontaneous activity 
was taken as the tension developed in response to the 
agonist. The resporises for each strip at each cumulative 
concentration of agonist were expressed as a percent- 
age of the maximum response (Emax) and plotted 
against the log of the concentration of the agonist. Each 


dose-response curve was fitted to a third-order poly- 
notnial by microcomputer and the pD», ED, and EDs, 
and EDs values were obtained by interpolation. Mean 
estimates for Exax and pD, values were calculated for 
all strips within each group. The slope of the dose- 
response curve for each tissue was computed by mea- 
suring the slope of a line fitted to the EDs, EDs, and 
EDyjo values. Means between groups were compared by 
a one-way analysis of variance or an unpaired Student 
t test. The mean forces generated/unit time/cross- 
sectional area for each dose of the agonist were plotted 
to produce the dose-response curves (Figs. 1 to 6). 
Intact preparations of longitudinal myometrium 
in minimum essential medium (Gibco Laboratories, 
St. Lawrence, Mass.) with Hank's salts and 2 mmol/L 
Ca** were pinned at the in vivo length and examined 
at 37° C with a Leitz-inverted microscope. Glass micto- 
electrodes with resistances of 40 to 80 MQ were used 
to record membrane potentials and measure input re- 
sistance (R,) during smooth muscle cell impalements 
that were routinely maintained for 2 to 4 minutes. R, 
is the point resistance to current flow from a cell during 
intracellular current injection and reflects the com- 
bined resistance of gap junctional and nonjurictional 
membrane, as well as (constant) myoplasmic resistance. 
R, was determined during cell impalement from the 
voltage deflection of a previously bridge-balanced elec- 
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Fig. 2. Data as shown in Fig. 1 for circular uterine strips. 
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Fig. 3. Data as shown in Fig. 1 for longitudinal uterine tissues from control rats and animals delivering 
prematurely (about 70% of fetuses expelled) at day 18 of gestation after treatment with one of three 
different antiprogesterone compounds (ZK 299, ZK 734, and RU 486). *Significant differences 


between mean of control and treated. 


trode to current injection (500 pA; 200 msec/sec). Val- 
ues of membrane potential and R, were retained only 
if the electrode returned to zero potential and bridge 
balance + 1 MQ upon removal from the cell. 


Results ; 
Oxytocin log dose contractile~response curves for 
longitudinal tissues from animals delivering at term 


and tissues from control animals at days 17, 18, and 21 
of gestation and 1 day postpartum are shown in Fig, 
1. Tissues from the delivering animals gave higher 
maximum responses compared with tissues from con- 
trol nondelivering, preterm rats. The mean Emax values 
were significantly higher (p < 0.05) than those of the 
controls, but generally there were no differences in the 
pD: values or the slopes of the dose-response curves. 
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Fig. 4. Log carbachol dose contractile—response curves for longitudinal uterine strips from rats at 
day 18 nondelivering controls, day 18 delivering prematurely after ZK 299, and day 22 spontaneously 
delivering at term. There were no significant differences between means of pDa Exax, and slope 


values for the groups. 
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Fig. 5. Log KCI dose contractile—response curves for tissues from rats at day 18 nondelivering, 
delivering prematurely, and delivering at term. Mean valies of pDe, Emax and slope with different 


superscripts show significant differences. 


There were no diiris between tissues from deliv- 
ering versus postpartum animals. Fig. 2 shows the dose- 
response relationships for circularly cut myometrial 
strips from the same’groups, as shown in Fig. 1. Again, 
there were no major changes in‘pD, values. However, 
the maximum responses (about’ two to four times as 
high) and also slopes of the dose-response’ curves were 
greater in tissues from term delivering rats than tissues 
from control rats at days 17, 18, and 21. In this case 
the mean values of Exax and slopes for tissues from 


postpartum animals were significantly reduced com- 
pared with those of delivering animals. 

` The dose-response’ relationships for longitudinal tis- 
sues from control nondelivering and preterm deliver- 
ing rats‘at day 18 of gestation are illustrated in Fig. 3. 
The results from tissues of animals treated with each 
of the -particular antihormones are comparable with 
those obtained from tissues during spontaneous deliv- 
ery at term (Figs. 1 and.2). The maximum responses 
and slopes of the curves were significantly higher dur- 
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Fig. 6. Oxytocin dose-response curves from longitudinal uterine strips at day 18, nondelivering and 
delivering after ZK 299. All tissues were treated with 60 pmol/L sodium meclofenamate. Note that 
differences are similar to tissues not treated with the prostaglandin inhibitor (Fig. 3). 


Table I. Resting membrane potential and input resistance in uterine longitudinal smooth muscle cells 


Membrane potential 
(mV + SD) (n) 


Delivering (term, day 22) 
Control 
1.2 mmol/L octanol 
Wash (10 min) 

Preterm (nondelivering, day 21) 
Control 

Preterm (nondelivering, day 18) 
Control 
1 2 mmol/L octanol 
Wash (10 min) 

Preterm (delivering, day 18), ZK 299 injected 
Control 
1.2 mmol/L octanol 
Wash (10 min) 


Input resistance (R,) 
(MQ + SD) (n) 


—40.5 + 2.7 (101) 
~39,8 + 2.6 (90) 
40.2 + 1.9 (20) 


120448 (101) 

48.5 + 15.2 (90)* 
11.6441 (20) 

42.6 + 3.3 21.7 + 11.10 
~46.0 + 3.0 (80) 
-46.5 + 2.4 (60) 
-46.9 + 2.3 (20) 


24.1 + 7.4 (80) 
49.0 = 8.6  (60)* 
24.5 +49 (20) 


138448 (55) 
44.3 + 13.3  (50)* 
12.3453 (15) 


~—40.8 + 2.7 (55) 
-40.5 + 2.4 (50) 
-41.3 + 2.0 (15) 








n, Number of impalements in tissues from 10 to 15-animals. Shown are values before (control), during octanol treatment, and 


10 minutes after washout. 
*Significant differences (p < 0.05) from control values. 


ing preterm birth induced with the antiprogesterones 
than in control tissues. Once more there were no, sig- 
nificant differences in pD, values. Similar results were 
found in the circular muscle at day 18 and in both 
muscle layers at day 17 of gestation during the begin- 
ning of preterm birth in antiprogesterone-treated rats 
(data not shown). 

The effects of carbachol and KCI on contractility of 
the myometrium were also studied to ascertain if the 
effects of other agents are also higher during term and 
preterm labor. Fig. 4 shows carbachol dose-responses 
for longitudinal tissues from day 18 nondelivering, day 


18 delivering after ZK299, and day 22 spontaneous 
delivering rats. Unlike oxytocin, there were no signif- 
icant differences in the carbachol dose-response curves. 
However, the maximum carbachol responses were sim- 
ilar tò maximum values obtained with oxytocin during 
term and preterm delivery (Figs. 1 and 2). KCI re- 
sponses, which were different from results with both 
oxytocin and carbachol, were lower in tissues from de- 
livering term animals compared with tissues from non- 
delivering and preterm delivering animals at day 18 
(Fig. 5). 

To test if prostaglandin synthesis was involved in the 
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differences between delivering and nondelivering tis- 
sues in response to oxytocin, some tissues were treated 
with sodium meclofenamate (60 pmol/L) (Fig. 6). 
Again, the maximum responses and the slopes of the 
dose-response curves increased dramatically during 
preterm delivery after administration of ZK 98.299 
compared with tissues from nondelivering animals. 
The responses were comparable with those obtained in 
the absence of the inhibition of prostaglandins ( Fig. 3). 

The effect of octanol, a specific gap junction uncou- 
pling agent, on the contractile responses of oxytocin, 
KCI, and carbachol (not shown) was also studied. When 
added to the muscle baths, the alcohol eliminated spon- 
taneous activity in a dose-dependent fashion and pre- 
vented the increase in contractility that is normally pro- 
duced by the agonists. At 1.2 mmol/L octanol, even the 
highest concentrations of agonists failed to elicit a re- 
sponse (Fig. 6). When octanol was added to agonist- 
contracted tissue, relaxation occurred within about 3 
minutes. The effect of the alcohol was immediately 
(about 5 minutes) reversible. 

The resting membrane potential of longitudinal 
muscle tissues from delivering rats as measured with 
microelectrodes was — 40.5 + 2.7 mV from term ani- 
mals and —40.8 + 2.7 mV from preterm animals 
(Table I), These values were more depolarized than in 
tissues from nondelivering rats (—42.6 + 3.3, day 21, 
and ~46.0 + 3.0, day 18), but the means of neither 
the delivering nor the nondelivering tissues were sig- 
nificantly different in the octanol-treated strips. How- 
ever, input resistance was considerably higher after oc- 
tanol compared with control values in tissues from both 
delivering and nondelivering animals. Oxytocin (107° 
mol/L) depolarized the resting membrane potential by 
a few millivolts both in the absence of octanol and also 
in its presence when membrane input resistance was 
elevated (data not shown). 


Comment 


The results of this study demonstrate unequivocally 
that the longitudinal and circular muscle layers of the 
myometrium are hyperresponsive (increased maxi- 
mum response) and hyperreactive (increased slopes of 
dose-response curves) to oxytocin during term and pre- 
term labor. During delivery both muscle layers develop 
two to four times or more tension in response to oxy- 
tocin than they do before delivery. The changes are 
particularly prominent in both muscle layers during 
preterm labor. However, there is no change in the sen- 
sitivity of the muscle to oxytocin, as would be reflected 
by a shift in dose-response curves and a change in pDe 
values. Moreover, the elevation in slopes and maximum 
responses is exclusively limited to oxytocin and not to 
the nonspecific stimulation of contractility observed 
with KCI or the effects of carbachol. These data suggest 
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Fig. 7. Continuous tracings of longitudinal muscle (strips A 
to D) contractile responses to oxytocin (top) and KCl (bottom) 
in the absence (control) and presence of octanol. 


that the endocrine events that occur at term and those 
that arise from blocking the progesterone receptor with 
the antiprogesterones'*"’ increase either the effective- 
ness of the oxytocin-receptor interaction or a postre- 
ceptor mechanism to intensify the response. Such 
mechanisms might involve the number of receptors, 
the process by which receptor occupation influences 
contraction, or the extent of electrical coupling between 
cells. The increase in the ability of the myometrium to 
respond to oxytocin may be indispensable physiologi- 
cally for the control of parturition. Furthermore, unless 
this change occurs before the pharmacologic applica- 
tion of the hormone, its effectiveness will be seriously 
restricted. 

Numerous studies show that oxytocin receptor num- 
bers in the uterus increase substantially at term in var- 
ious animals and humans without a rise in plasma levels 
of the hormone.'* '® 1° These studies attribute the in- 
crease in receptors to changes in steroid hormone 
levels. An increase in the number of oxytocin receptors 
either at term or preterm after antiprogesterone treat- 
ment would increase either the sensitivity of the myo- 
metrium to oxytocin if spare receptors exist or intensify 
the maximum effects if there is no receptor reserve. 
Accordingly, the data in this study are consistent with 
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the supposition that there is little receptor reserve and 
that an increase in functional oxytocin receptors aug- 
ments responsiveness to the hormone during term and 
preterm birth. Previous studies provide incomplete 
data on the effects of oxytocin on the myometrium 
during pregnancy, and none has shown dramatic in- 
creases in maximal effects as demonstrated in this 
study. Although in vivo studies indicate that the sen- 
sitivity to oxytocin may be raised at term, part of this 
may be attributable to the ability of oxytocin to stimulate 
the synthesis of excitatory prostaglandins™ *' and also 
the perception that the threshold dose (i.e., concentra- 
tion that first initiates contractility above baseline) is 
lower during term (Fig. 1) and preterm birth (Fig. 3). 
The inhibition of prostaglandin synthesis with sodium 
meclofenamate (60 pmol/L) did not change the dose- 
response relationships in some experiments in this 
study (Fig. 6). Furthermore, none of the previous 
in vivo or in vitro studies has systematically examined 
the effects of oxytocin on tissues from delivering ani- 
mals. Thus as shown by this study, the changes in the 
receptors or other events that occur during or imme- 
diately before delivery apparently contribute consid- 
erably to the ability of oxytocin to excite the muscle. 
These results add support to the hypothesis that the 
increase in oxytocin receptors may initiate labor not by 
raising the sensitivity to the hormone but by magnifying 
the force the muscle produces. 

However, oxytocin receptor studies do not entirely 
agree with the information in this study. Oxytocin- 
binding sites to rat uterine tissues increase immediately 
before labor then decline to preterm levels within 1 day 
postpartum.? These data do not correlate with the ac- 
tion of oxytocin on the longitudinal muscle during term 
delivery and postpartum (Fig. 1: Emax gradually rises 
until delivery and does not fall postpartum), but they 
correspond to this study in regard to the circular muscle 
layer (Fig. 2: dramatic rise in oxytocin action occurs 
during delivery then falls postpartum). This may then 
indicate that the rise and fall in oxytocin receptor occur 
primarily in the circular muscle layer. Similar conclu- 
sions have been reached by Crankshaw” and Tuross 
et al.,"* although they neither examined oxytocin effects 
during term delivery nor postpartum, and both studies 
did not determine oxytocin action during preterm de- 
livery. 

Since myometrial gap junctions (sites of electrical 
communication) are greatly increased during term 
parturition®* and also during preterm birth after an- 
tiprogesterone treatment,” the increased responsive- 
ness of the myometrium to oxytocin could be related 
in part to better electrical coupling between the muscle 
cells. The driving force for myometrial contractility is 
thought to be provided by propagated action potentials 
from pacemaker regions, and the frequency and in- 
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tensity of contractions are, respectively, proportional to 
the regularity and duration of action potentials in each 
muscle cell and tke total number of cells that are ac- 
tive.” Therefore an agonist that generates electrical 
activity or depolarizes the resting membrane potential 
may greatly augment the frequency of phasic contrac- 
tile activity if the velocity of propagation of action po- 
tentials between cells is increased and amplify the con- 
tractile force by spreading further to recruit additional 
cells when gap junctions are increased. Similar in- 
creases in contractility to agonists have been observed 
in vas deferens afzer denervation and the appearance 
of gap junctions.* The fact that all responses to car- 
bachol are similar (Fig. 4) to those of oxytocin during 
delivery (Figs. 1 to 3) when gap junctions are increased 
suggests either that this mechanism is not the sole sys- 
tem involved or that the two agonists have distinctly 
different actions. It is possible that either the location 
of agonist receptors (i.e., on all cells versus specific 
cells) is different or the pattern of contractility (i-e., 
phasic versus tonic contractions) varies with the agonist 
used. 

However, like oxytocin receptors, gap junctions rise 
immediately before delivery and then decline rapidly 
within 1 day postpartum.®” Thus the data in this study 
(Fig. 1) are also not consistent with the hypothesis that 
the increase in gap junctions is responsible for the 
changes in responsiveness, at least in the longitudinal 
muscle layer during term delivery and postpartum. If 
so, during normal delivery at term, it is difficult to 
attribute changes in oxytocin receptors and gap junc- 
tions to the hyperresponsiveness of the longitudinal 
muscle during preterm delivery (Fig. 3). Nevertheless, 
there may be differences in the contractile significance 
of the presence of large numbers of gap junctions and 
oxytocin receptors between the longitudinal and cir- 
cular muscle during term and early delivery. Further- 
more, there may be distinctions in the functional states 
of the receptors (i.e., coupling to postreceptor events) 
and channels of tke junctions (i.e., open or closed) be- 
tween the two muscle layers at term and preterm. 

The possible significant role of electrical coupling in 
the action of agonists was observed after the addition 
of octanol, an alochol that closes pores in the gap junc- 
tions and electrically uncouples cells***, it completely 
prevents contractions produced by oxytocin, KCl, and 
also carbachol (Fig. 7). Although a nonspecific inhibi- 
tion of contractility by octanol cannot be excluded, it 
did not change the resting membrane potential but 
raised the input resistance (Table I). Large reproduc- 
ible changes in input resistance were correlated with 
either the relative number of gap junctions at term and 
preterm®* or the presence of octanol, which is known 
to specifically increase junctional resistance. °° There- 
fore these changes in input resistance are thought to 
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reflect predominant changes in junctional coupling 
G.e., a decrease in R, when junctions develop during 
term and preterm delivery and an increase when the 
junctions reversibly close in response to octanol). These 
. data are interpreted to mean that cell-to-cell commu- 
nication is necessary for spontaneous and agonist- 
induced contractility. 

The selective increase in responsiveness of both lay- 
ers of the myometrium to oxytocin during term and 
preterm delivery may be essential for labor and is prob- 
ably imparted by the specific increase in oxytocin re- 
ceptors, changes in postreceptor mechanisms, and to 
enhanced electrical coupling. The absence of change 
in the maximum capacity of the myometrium to con- 
tract between preterm nondelivery and delivery at term 
or preterm, provided the tissue is challenged appro- 
priately (i.e., carbachol at any time and oxytocin during 
delivery), suggests that no change occurs in the force- 
generating potential of the myometrium. The maxi- 
mum response to KCI is diminished during term de- 
livery and is lower than responses observed with oxy- 
tocin or carbachol. This result remains to be explained 
but may be the result of an inhibition of the muscle 
electrogenic Na* to K* pump by some system at term 
and the depolarization of the muscle (Table I) during 
delivery, Octanol inhibits spontaneous and agonist- 
stimulated contractions, indicating that electrical cou- 
pling may be required for contractions of the myo- 
metrium. 
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CA 125 in the epithelium closely related to the embryonic 
ectoderm: The periderm and the amnion 


Yoshihiko Nanbu, MD, Shingo Fujii, MD, Ikuo Konishi, MD, Hirofumi Nonogaki, MD, 


and Takahide Mori, MD 
Kyoto, Japan 


The amnion is believed to be derived from either cytotrophoblastic cells or embryonic ectoderm. However, 
it produces and secretes CA 125, which is considered a differentiation antigen of fetal coelomic epithelium 
derived from the mesoderm of germ cells. To verify this, tre immunohistochemical localization of CA 125 
in human fetal tissues (between 7 and 23 weeks of gestation) derived from the ectoderm, endoderm, or 
mesoderm, and in the fetal membranes and placenta was studied. Among the mesoderm-derived tissues, 
only the fetal coelomic epithelium--related tissues were positive for anti-CA 125 from 15 weeks of 
gestation. The endoderm-derived tissues did not react with anti-CA 125. However, among the 
ectoderm-derived tissues, only the periderm reacted with anti-CA 125 from 7 weeks until it sloughed from 
the stratum intermedium by 23 weeks of gestation. Among the fetal membranes and placenta, only the 
amnion reacted with anti-CA 125 from 9 weeks to term. These findings indicate that the amnion and the 
periderm, both of which constitute the epithelia covering the amniotic cavity, in addition to the fetal 
coelomic epithelium-related tissues, produce CA 125. (AM J OBstet Gyneco. 1989;161:462-7.) 


Key words: CA 125, immunohistochemistry, amnion, periderm, ectoderm 


CA 125 is an antigenic determinant recognized by a 
monoclonal antibody OC 125 against an ovarian cancer 
cell line (OVCA 433).’ An assay of serum CA 125 has 
been shown to be useful for the diagnosis and moni- 
toring the course of patients with ovarian cancer.’ How- 
ever, serum CA 125 levels increase not only in women 
with other gynecologic malignancies,’ but also in 
women with benign conditions such as endometriosis," 
pelvic inflammatory diseases,’ and during pregnancy.’ 
Immunohistochemically, the CA 125 antigen is detected 
in the coelomic epithelium—related tissues; pleura, 
pericardium, peritoneum, and millerian ducts of the 
fetus’; and millerian-derived epithelia of the adult 
such as tubal, endometrial and endocervical epithe- 
lium.* Therefore CA 125 is considered a differentiation 
antigen associated with fetal coelomic epithelium and 
its derivatives,’ which are believed to be derived from 
the mesoderm of germ cells. 

Amniotic fluid contains a large amount of CA 125.° 
We recently demonstrated by immunohistochemical 
and biochemical studies that both the decidua and the 
amnion can produce CA 125.'° Nevertheless, the am- 
niotic cavity, which develops by cavitation within the 
inner cell mass of germ cells, is formed with the floor 
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of the embryonic ectoderm and the roof of the amnion, 
which is thought ta be derived from cytotrophoblastic 
cells." In addition, the flattened amniotic cells are con- 
tinuous with the embryonic ectoderm, and are alter- 
natively called the amniotic ectoderm." Moreover, the 
amniotic cells are now thought to arise from the pe- 
riphery of the embryonic ectoderm.” '* Consequently, 
it is unclear why the amnion produces and secretes CA 
125. Therefore we examined the immunohistochemical 
localization of CA 125 in human fetal tissues derived 
from the ectoderm, endoderm, or mesoderm and in 
the fetal membranes and placenta. 


Material and methods 


Fresh specimens of various fetal tissues were ob- 
tained from human fetuses (three female fetuses at 9, 
17, and 23 weeks of gestation, four male fetuses be- 
tween 15 and 17 weeks of gestation, and one fetus of 
unknown sex at 7 weeks of gestation) at legal elective 
abortions; the tissues listed in Table I were used for 
the study. Informed consent was obtained to study the 
fetuses. Tissues of the amnion, chorion, and decidua 
between 9 and 40 weeks of gestation obtained at either 
legal elective abortions or spontaneous deliveries were 
also used for this study. 

All tissue were snap-frozen in Tissue-TEK OCT 
compound (Ames Co., Elkhart, Ind.) and stored at 
~70° C. Four-micrometer cryostat sections were pre- 
pared from each specimen and stored at — 20° C until 
use. The immunokistochemical staining of CA 125 with 
primary antibody OC 125 was performed with a CIS 
His CA 125 staining kit (Oris, Saclay, France) according 
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Table I. Immunohistochemical reactivity of OC 125 with fetal tissues, fetal membranes, and 


placental tissues 



















7 (Unknown 
Tissue examined sex) 
Ectaderm-derived tissues 
Skin 
Periderm + + 
Stratum inter- ~ - 
medium 
Others — = 


Endoderm-derived 
tissues 
Small intestine — 
Large intestine ~ 
Lung ~- 
Liver - 
Bladder 
Mesoderm-derived 
tissues 
Millerian duct - = 
Uterine cervix 
Uterine corpus 
+ Fallopian tube 
Ovarian surface epi- ~ 
thelium 
Coelomic epithelium = ~ 
Pleura 
Peritoneium 
Pericardium 
Others - 
Heart ~ 
Kidney - 
Testis 


“Fetal membranes 3 cases 
(9-15 wk) 
Amnion + 


Chorionic epithelium z 


Placenta 
Cytotrophoblast = 
Syncytiotrophoblast = 





+, Reactivity of OC 125 positive; 


to the manufacturer’s instructions. The sections were 
treated with 3% hydrogen peroxide and incubated with 
antibody (diluted with 3 ml of phosphate-buffered sa- 
line solution according to the manufacturer’s instruc- 
tions) at 4° C overnight. The sections were then treated 
with anti-mouse IgG-biotin complex followed by avidin- 
peroxidase complex, and were stained with 3-amino-9- 
éthylcarbazole solution with 0.15% hydrogen peroxide. 
The sections were counterstained with hematoxylin. 
For the negative controls, normal mouse serum or 
phosphate-buffered saline solution was used instead of 
each primary antibody. For the positive controls, the 
sections of ovarian serous carcinoma with high levels 
of serum CA 125 were used. 


Results 

Ectoderm-derived tissues (Table I). The periderm 
of the fetuses at 7 and. 9 weeks of gestation was mod- 
erately. positive for anti-CA 125 in the cytoplasm (Fig. 





Gestational age (wk) and sex of fetus 


pte 


9 cases 
(16-27 wh) 
aa 





+++ 


5 cases 
(28-40 wk) 
+ 


~, reactivity of OC 125 negative. 


1). The periderm of the fetuses at 15 (Fig. 2), 16, and. 
17 weeks of gestation were strongly positive for anti-. 
CA 125 in the cytoplasm irrespective of sexual differ- 
entiation. However, the stratum intermedium beneath 
the periderm did not react with anti-CA 125. At 23 — 
weeks of gestation, cells of the periderm were already 
sloughed from the straum intermedium, and the latter 
constituted the epidermal layer of the skin. Therefore 
at this stage the fetal skin was negative for anti-CA 125 
(Fig. 3). 

The other ectoderm-derived tissues such as the cen- 
tral nervous system and neural crest derivatives were 
negative for anti-CA 125. 

Endoderm-derived tissues (Table D. The 
endoderm-derived tissues such as the lung, intestine, 
and urinary bladder did not react with anti-CA 125 in: 
any fetus examined. 

Mesoderm-derived tissues (Table I). In the female 
fetuses of both 17 and 23 weeks of gestation, epithelial 
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Fig. 1. Immunohistochemical staining is moderately positive with anti-CA 125 in the cytoplasm of 
the periderm at 9 weeks of gestation. (Original magnification x 400.) 





Fig. 2. The periderm at 15 weeks of gestation is strongly reactive with anu-CA 125 in the cytoplasm. 


(Original magnification x 400.) 


cells of the uterine cervix, corpus, and fallopian tube 
(Fig. 4) were weakly positive for anti-CA 125, whereas 
the surface epithelium of the fetal ovary was negative. 
Fetal coelomic epithelium-derived epithelia such as the 
pleura, pericardium (Fig. 5), and peritoneum were 
faintly positive for anti-CA 125 in both female and male 
fetuses between 15 and 23 weeks of gestation. Reactivity 
was observed along the luminal surface and in the apical 
portion of the cytoplasm. However, these tissues at 7 
and 9 weeks of gestation were negative for anti-CA 125. 

The mesoderm-derived tissues, which were not as- 
sociated with the fetal coelomic epithelium, were neg- 
ative for anu-CA 125. 

Fetal membranes (Table I). The amniotic epithelium 
of the fetal membranes at gestational ages between 9 
and 40 weeks was strongly positive for anti-CA 125 (OC 


125), not only along the luminal surface and in the 
apical portion of the cytoplasm, but also as accumula- 
tions of atypical coarse granules of chromogen deposits 
in the cytoplasm (Fig. 6). 

The chorionic epithelium of the fetal membranes at 
any stage examined in this study was negative. 

Placenta (Table 1). Both cytotrophoblast and syncy- 
tiotrophoblast did not react with anti-CA 125 in all the 
placentas examined. 


Comment 

Our study demonstrated that CA 125 is present in 
fetal coelomic epithelium and its derivatives after 15 
weeks of gestation. However, it is usually only weakly 
positive for anti-CA 125 until 23 weeks of gestation. In 
addition, we found that both the amnion and the per- 
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Fig. 3. Fetal skin at 23 weeks of gestation sloughs off the periderm, and the dermis shows negative 
staining for anti-CA 125. (Original magnification x. 100.) 





Fig. 4. The fallopian tube at 17 weeks of gestation is reactive with anti-CA 125 along the luminal 
surface and in the apical portion of the cytoplasm. (Original magnification x 200.) 


iderm are positive for anti-CA 125 from 7 weeks of 


gestation. Thereafter, the periderm is strongly positive 
for anti-CA 125, and it sloughs from the stratum in- 
termedium by 23 weeks of gestation. The amnion was 
positive for anti-CA 125 until the end of pregnancy. 
However, other tissues derived from the ectoderm, me- 
soderm, and endoderm were negative for anti-CA 125. 
Moreover, both cytotrophoblasts and syncytiotropho- 
blasts were negative for anti-CA 125 throughout ges- 
tation. 

The amnion was reported to be the source of CA 
125 in the amniotic fuid? The amniotic cells are con- 
tinuous peripherally with the embryonic ectoderm, and 
the latter forms the floor of the amniotic cavity.’ '* The 
periderm is derived from the embryonic ectoderm. 
Therefore our findings demonstrate that the epithelia 


covering the amniotic cavity produces CA 125, In ad- 
dition, the positivity for anti-CA 125 in the amnion and 
the periderm occurs earlier in embryonic life and is 
stronger than that of fetal coelomic epithelium and its 
derivatives. This suggests that CA 125 is not a differ- 
entiation antigen that is confined to fetal coelomic ep- 
ithelium and its derivatives, but rather it is a primitive 
antigen in the epithelia that is closely related to the 
embryonic ectoderm such as the periderm and the am- 
nion. However, the primitive streak that originates 
from the embryonic ectoderm forms the mesoderm of 
the embryo, and the latter produces fetal coelomic ep- 
ithelium."' Therefore, a connection arises between the 
embryonic ectoderm and fetal coelomic epithelium. 
Although the biologic significance of CA 125 remains 
unclear, the production of CA 125 from the periderm 
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Fig. 5. Pericardium at 15 weeks of gestation is reactive with anti-CA 125 in the apical portion of the 


cytoplasm. (Original magnification x 400.) 





Fig. 6. Amniotic epithelium at 37 weeks of gestation is reactive with anti-CA 125 not only along the 
luminal surface and in the apical portion of the cytoplasm but also in the cytoplasm. (Original 


magnification x 400.) 


suggests that a high-molecular-weight glycoprotein ex- 
pressing an antigenic determinant CA 125 may be a 
primitive substance that covers the skin, at least until 
midgestation when the periderm is replaced by the ver- 
nix caseosa.'' In contrast, the fetal coelomic epithelium 
and its derivatives begin to synthesize CA 125 during 
differentiation into adult miillerian epithelium. Con- 
versely, fetal coelomic epithelium, which is derived 
from the primitve streak of the ectoderm, may begin 
to produce CA 125 when it differentiates into cells re- 
sembling the stage of cells of the periderm or amnion. 

With regard to the production of CA 125 in neo- 
plastic tissues, serous carcinomas of the ovary usually 
show an increased secretion of CA 125,’ but most ad- 
enocarcinomas of the uterine cervix show a reduced 
secretion of CA 125." Although it is unknown whether 


the epitopes of CA 125 glycoprotein molecules pro- 
duced by neoplastic tissues are equivalent to those of 
normal tissues, neoplastic tissues may have some ac- 
quired genetic abnormality in either the production or 
secretion of CA 125. 
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Power spectrum analysis of myometrial electromyogram and 
intrauterine pressure changes in the pregnant rhesus monkey in 


late gestation 


“Hsing Wen Hsu, BS, Jorge P. Figueroa, MD, PhD, M. Barbera O. M. Honnebier, MD, 
Richard Wentworth, PhD, and Peter W. Nathanielsz, MD, PhD 


Ithaca, New York 


Various methods have been used to quantify myometrial activity in the pregnant rhesus monkey during the 
last third of gestation. A precise definition of activity must retain the characteristics of epoch duration, 
amplitude, and the repetitive frequencies of active epochs. We used Fast Fourier Transform and power 
spectrum analysis to determine whether the patterns of myometrial contractility consist predominantly of 
contractions or contractures. This analysis allows quantification of activity represented by each of these 
patterns of activity. We applied these methods to myometrial electromyogram and intrauterine pressure 
recordings in pregnant rhesus monkeys to characterize the changes in myometrial activity that occur after 
surgery, after intravenous indomethacin administration, and when food is withdrawn for 48 hours. We 
conclude that changes in the frequency pattern of myometrial activity provide important information in 
relation to labor and delivery contractions. (AM J OasteT GYNEcoL 1989;161:467-73.) 


Key words: Power spectrum analysis, myometrial activity, uterine electromyogram 
} yog 


“o Various methods have been used in experimental an- 
imals to characterize and quantify myometrial activity 
throughout pregnancy.'” The pregnant rhesus monkey 
has been extensively investigated to study changes in 
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myometrial activity and responses to various physio- 
logic and pharmacologic agents. Myometrial electro- 
myogram electrodes and sensors for measuring intra- 
uterine pressure can be placed in this species at the 
beginning of the last third of gestation. Several groups © 
of investigators have shown varying degrees of activity 
at different times of the 24-hour day during various 
stages of gestation.” '' These cycles of myometrial 
activity have a clear temporal relationship to the 
circadian hormone changes in maternal and fetal 
plasma. '® 

Epochs of myometrial activity differing in duration 
and intensity have been described in pregnant sheep 
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Fig. 1. A, Intrauterine pressure recording in a pregnant rhesus monkey | day after operation; 
calibration bar 10 mm Hg. B, Myometrial electromyogram at the same time as A; calibration bar 50 
aV. The running mean threshold baseline has been removed in both A and B. C, Power spectral 
analysis of intrauterine pressure recording in A. D, Power spectral analysis of electromyogram 


recording in B. 


and monkeys.” One method of assessing the nature of 
activity at any moment is to characterize duration and 
amplitude of each individual event of myometrial elec- 
tromyogram activity or intrauterine pressure change, 
either, together or separately. In the sheep we have 
described computer-based methods for the determi- 
nation of duration of individual epochs of activity.” In 
sheep, throughout the majority of gestation the most 
common epochs of myometrial activity are contrac- 
tures, which we have defined as long duration epochs 
of increased intrauterine pressure or electromyogram 
activity lasting longer than 3 minutes. ** During 
labor and at delivery, myometrial activity shows a con- 

traction pattern during which the epochs of activity are 
shorter than 2 minutes.’* To obtain a clear impression 
of the type of myometrial activity under different phys- 
iologic conditions, contractures must be distinguished 
from labor and delivery contractions. Assessment of 
myometrial activity as Montevideo units or area of ac- 
tivity under a pressure curve does not permit such a 
distinction because in the use of these methods impor- 
tant information regarding duration and frequency of 
individual epochs of activity is lost. 

Fast Fourier Transform and power spectrum analysis 
are alternative methods for studying waveforms that 
have repetitive frequencies. The Fast Fourier Trans- 
form represents the decomposition of the waveform 
under study into its frequency components. Fast Four- 


ier Transform also permits assessment of amplitude of 
the peaks that occur with the different frequencies. The 
retention of amplitude characteristics and division of 
all observed activity epochs into repetitive frequencies 
at different frequency ranges allows greater description 
of patterns of myometrial activity than analyses based 
solely on counts of individual epochs of activity or Mon- 
tevideo units or computed area under the curve of the 
raw electromyogram or intrauterine pressure signal. 
Depending on the rate of sampling and the frequency 
of the waveform, Fast Fourier Transform and power 
spectrum analyses can be performed over variable pe- 
riods of time appropriate to the experimental question 
under study. Thus myometrial activity for many hours 
at different times of the day on successive days or for 
short periods after administration of various drugs can 
be compared. 

The purpose of this study was to determine whether 
Fast Fourier Transform and power spectrum analysis 
of uterine electromyogram and intrauterine pressure 
make possible rapid distinction of different patterns of 
myometrial activity. In particular, we wanted to deter- 
mine whether these methods permit clear distinction 
of contraction activity that is characteristic of labor and 
delivery. We performed Fast Fourier Transform and 
power spectrum analysis of both myometrial electro- 
myogram and intrauterine pressure in the pregnant 
rhesus monkey obtained during three different situa- 
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Fig. 2. A, Intrauterine pressure recording in a pregnant rhesus monkey 3 days after operation; 
calibration bar 10 mm Hg. B, Myometrial electromyogram at the same time as A; calibration bar 50 
BV. The running mean threshold baseline has been removed in both A and B. C, Power spectral 
analysis of intrauterine pressure recording in A, D, Power spectral analysis of electromyogram 


recording in B. 


_ tions: immediately after operation, after food with- 
‘drawal, and during treatment with the prostaglandin 
synthetase inhibitor indomethacin. The results permit 
a direct comparison of myometrial electromyogram 
and intrauterine pressure that is important in the as- 
sessment of the many previous studies in which only 
one of these two variables was measured. 


Methods 


Care of animals 

Surgical procedures. Ten pregnant rhesus monkeys of 
known gestational age were obtained from the Cali- 
fornia Regional Primate Center, Davis, Calif., and were 
acclimated to the laboratory conditions as previously 
described.'" '' The animals were housed in rooms with 
controlled light cycles (14:10 hours light-dark) with 
lights on at 8 am. Purina 5045 Monkey Chow and fresh 
fruits were provided. Water was provided ad libitum 
during the experimental period. At the time of oper- 
ation monkeys ranged from 92 to 107 days’ gestational 
age. Animals were instrumented with techniques de- 
scribed previously.* |‘ Briefly, with the animals under 
halothane anesthesia, catheters were placed in the ma- 
ternal femoral artery and vein in all 10 animals. In each 
animal, two pairs of myometrial electromyogram leads 
<; owere-placed-on the anterior wall of the uterus. In six 

“animals, two catheters made of Tygon microbore tub- 
ing (Norton Performance Plastics, Akron, Ohio) (inner 


diameter 1.27 mm; outer diameter 2.29. mm), witha 
side hole 1 cm from the tip, were placed :with 3 to 
6 cm of the catheter within the amniotic cavity. A small 
retaining collar of Tygon prefabricated around the 
catheter was located just within the uterus. Heparinized 
arterial blood samples were drawn at 10 AM, 3 pM, and 
9 pM on most days for various hormonal analyses (data 
not reported). No experimental intervention was ini- 
tiated for at least 5 days after operation. 

Indomethacin protocol. In one animal that was hav- 
ing spontaneous contractions at 132 days’ gestation, 
Indocin (Merck, Sharpe and Dohme) was administered 
via the maternal inferior vena caval catheter at an in- 
fusion rate of 6 mg/hr starting at 3:30 pm and ending: 
at 9 PM. 

Food withdrawal protocol. On days that animals 
were fed, fresh food was provided at 8 am and the 
monkey was allowed to feed freely. Three animals were 
used in the food withdrawal protocols. Food was re- 
moved at 3 pm and the next 24-hour period was-called 
the first day of food withdrawal. Food was offered 
freely after exactly 48 hours of food withdrawal: Only. 
the electromyogram was recorded in the food with- 
drawal protocol. 

Recording of electromyogram and data storage. The 
uterine electromyogram «was recorded from multi- 
stranded bipolar stainless steel wires (Cooner AS 632) 
implanted 3 to 5 mm apart on at least two sites of the 
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Table I. Percentage of power spectrum activity above and below three different frequency levels in 
intrauterine pressure and electromyogram records from six instrumented pregnant rhesus monkeys in the 


first 5 days after surgery 





Activity (%) 








Cutoff 0.11 cycles/man 








Cutoff 0.2 cycles! min Cutoff 0.25 cycles! min 











Above Below 








Contractions 
Mean 95.4 4.6 
SD 3.7 3.7 
Contractures 
Mean 35.3 64.7 
sD 13.9 13,9 


Above 





Below Above Below 











83.6 16.4 71.8 28.2 

5.7 5.7 20.6 20,6 
26.0 74.0 23.1 76.9 
10.9 10.9 10.0 10.0 





myometrium.” ''* One of the intraamniotic catheters 
was connected to a pressure transducer (Cobe Lake- 
wood, Colo.) that was placed in a small box on the 
monkey’s back beneath the jacket. Acquisition of the 
myometrial electromyogram and intrauterine pres- 
sure waveforms was performed with a custom-built 
computer-based data acquisition system previously de- 
scribed in detail.’ Briefly, the signals (electromyogram 
and intrauterine pressure) were sampled at 32 Hz, dig- 
itized, and the average value over 8 seconds was stored 
on tape with a time signal, The initial sampling fre- 
quency of 32 Hz prevented aliasing problems with 
changing signals. The lower storage rate of the one 
reading every 8 seconds represented the averaged data 
and created a manageable volume of data for subse- 
quent analysis. 

Data analysis. Fast Fourier ‘Transform and power 
spectrum analysis were performed on the digitized in- 
trauterine pressure and electromyogram data by means 
of the Asyst 2.0 program.” Integration of the area un- 
der the curve for the power spectrum was performed 
by addition of all data points for the chosen range of 

“cycle frequencies. 

Statistical analysis. In the food withdrawal protocol, 
the integrated power spectrum data were analyzed by 
Student’s paired ¢ test after one-way analysis of vari- 
ance. The paired ¢ test was used only for comparison 
of the increment between the control period (either 
daylight. or darkness) and the same period on the sec- 
ond day of food withdrawal (either daylight or dark- 
ness). The effect of the treatment was considered sta- 
tistically significant when p < 0.05. Data obtained dur- 
ing hours of daylight and hours of darkness were 
analyzed separately and were not compared to each 
other. 


Results 

Determination of power spectrum frequency win- 
dows. In six animals the power spectrum of either in- 
trauterine pressure and/or electromyogram or both 
were analyzed. for frequencies: between 0.01 and 0.8 
cycles/ min. Because there were no differences between 


power spectra of intrauterine pressure or electromy- 
ogram data in the different frequency windows (Figs. 

1 and 2), data for percentage power in different win- 

dows of the intrauterine pressure and electromyogram 

spectra were pooled for analysis of different patterns 

of contraction and contracture activity (Table I) to de- 

termine the percentage of total power at frequencies 

above and below three different cutoffs (0.11; 0.2, and 

0.25 cycles/min). Data were obtained from animals in: 
the first 5 days after operation and were divided into 

periods when, by visual inspection, the activity consisted 

primarily of contractions and when activity consisted 

primarily of contractures (Table I). After evaluation of 
these data, quantification of contracture activity was 

performed on frequencies in the window 0.01 to 0.11 

cycles/min (i.e, <1 cycle every 9 minutes) and con- 

tractions on frequencies in the window 0.2 to 0.8 ëy- 

cles/min (i.e., >1 cycle every 5 minutes), 

Power spectral analysis of contractions. Fig. | shows 
the raw data trace for intrauterine pressure and eléc- 
tromyogram at a time when only contractions occurred. 
The good correspondence between intrauterine pres- 
sure and electromyogram can readily be seen. For the 
electromyogram recording shown, 94.8% of the activity 
in repeating frequencies was at a rate >| every 5 min- 
utes (a frequency >0.2 cycles/min). For the intrauterine 
pressure recording shown, 97.1% of the activity in re- 
peating frequencies occurred at rates >1 every 5 
minutes. 

Power spectral analysis of contractures. Fig. 2 shows 
the raw data trace for intrauterine pressure and elec- 
tromyogram at a time when only contractures occurred. 
The good correspondence between intrauterine prés? 
sure and electromyogram can readily be seen. For the 
electromyogram activity in the recording shown, 66.4% 
of the activity in repeating frequencies was at frequen- 
cies lower than 1 every 9 minutes (a frequency <0.11 
cycles/min). For the intrauterine pressure in the re: 
cording shown, 83.5% of the activity in repeating fre- 
quencies occurred at rates <1 every 9 minutes. 

Indomethacin effect. Fig. 3 shows the change in the 
power spectrum of intrauterine pressure and myo: 
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Fig. 3. Myometrial electromyogram and intrauterine pressure in a pregnant rhesus monkey 132 
days’ gestational age and 20 days after operation taken between, 2 pM and:11:30 PM. a, Before 
indomethacin. b, During indomethacin infusion at 6 mg/hr via the maternal aorta. c, After cessation 
of indomethacin infusion. A, Intrauterine pressure recording: calibration: bar 10 mm Hg; B, Myo- 
metrial electromyogram at the same time as A; calibration bar 50 pV. The running mean threshold 
baseline has been removed in both A and B. C, Power spectral analysis of intrauterine pressure 
recording in A. D, Power spectral analysis of electromyogram recording in B. 


metrial electromyogram after a pregnant monkey that 
was having spontaneous contractions was treated with 
indomethacin (Fig. 3, a). During the period of indo- 
methacin treatment, the majority of the power in the 
spectrum for both intrauterine pressure and electro- 
myogram shifted to the low-frequency range (Fig. 
3, b), but after the contractions returned, the power 
spectrum shifted back to the high-frequency range 
(Fig. 3, ¢). 

Food withdrawal. The nighttime power spectrum for 
electromyogram in one animal the night before food 
withdrawal is shown in Fig. 4, A. The majority of the 
spectral power is at frequencies <1 cycle every 9 min- 
utes. On the second night of food withdrawal, the 
power spectrum shifts to high frequency (Fig. 4, B); 
after food is returned, the spectrum shifts back to low 
frequency (Fig. 4, C). Fig. 5 shows the total power in 
¿the contracture and contractions portions of.the power 


= spectrum before, during, and after the food withdrawal 


for daylight and darkness portions of the 24-hour pe- 
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riod. By the second night of food withdrawal the activity 
in the contractions portion of the power spectrum had 
risen to 660% of the second control day (p < 0.05). 
There was no change in the contractures spectrum. 
Power spectrum during daylight hours was analyzed 
on control day 2, food withdrawal day 2, and recovery 
day 2 in the three animals that had food withdrawn, 
On the second food withdrawal day the contractions 
portion of the power spectrum had risen to 270% of 
the second control day (p < 0.05). This represents a 
much smaller increase than during the hours of dark- 
ness. The contractures portion of the power spectrum 
also increased significantly above that on control day 2. 
(Fig. 5). 


Comment 


Figs. 1 and 2 demonstrate the excellent correspon- 
dence between the power spectra of intrauterine pres: 
sure and electromyogram. It is sometimes impossible 
to obtain good intrauterine. pressure recordings from 
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Fig. 4. Electromyogram data from an instrumented pregnant rhesus monkey at 127 to 133 days’ 
gestational age and 28 to 34 days after operation. Power spectrum of myometrial electromyogram 
between 8 pM (when lights go off) and 5 am on A, the night before food withdrawal; B; on the 
second night of food withdrawal, and C, the second night after food was returned. 


am CONTRACTURES WA CONTRACTIONS 
16 


14] 
12 
“10 


oO Nk O @. 


FW2 RECZ 


C2. FW2 REC2 c2 


Fig. 5. Daylight (day) and darkness (night) power spectrum 
` analysis data from three animals in the 24-hour period before 
(control,.C2), the second 24-hour period of food withdrawal 
(FW2) and the second 24-hour period after food withdrawal 
(REC2) (mean + SD, n = 3). Ordinate: B, activity at fre- 
quencies > l-every 5 minutes; MM, activity at frequencies <1 
“every 9 minutes. (*A significant increase from C2, p < 0.05). 
` Day refers to the daylight period of each 24-hour period. Night 
refers to the dark period of each 24-hour period. 


"pregnant animals. Movement artifacts (e.g., crouching 
and straining at stool) produce artificial changes in in- 
trauterine pressure that can only be distinguished from 

~ myometrial activity if simultaneous electromyogram is 
recorded. In addition, in some experimental paradigms 
it is preferable not to incise the uterus. Thus it is re- 
assuring that recordings of electromyogram over sev- 
eral hours have good correspondence to the informa- 
tion obtained from intrauterine. pressure. Our studies 





with the pregnant sheep show that individual electro- 
myogram complexes may not be accompanied by 
changes in intrauterine pressure because electromy- 
ogram activity before labor may not be propagated over 
the whole uterus and local contractility of the myo- 
metrium may not be reflected by intrauterine pressure _ 


changes.’ At different times of the day and under Gi oo 


ferent physiologic situations, we have noticed that in o 


the pregnant monkey there may also be differencesin o 


the amount of intrauterine pressure change generated” 
by individual electromyogram complexes of similar am- 
plitude and duration, but we have not made a detailed 
study of this relationship. This relationship will be af- 
fected by factors that affect activation-contr action cou 
pling such as the density of gap junctions.’ EE 

The power spectrum showed the majority of activity : 
at low frequency when only contractures were present. 
The exact frequency peaks depend both on the enve- 
lope of duration of the individual contracture and their 
frequency of occurrence. When the raw data showed” 
mostly contractures, 65% of the power was at frequen- 
cies <1 cycle every 9 minutes. When contractions pre- 
dominated, 84% of the power was at frequencies >1 
cycle every 5 minutes. Therefore for future analysis of 
waveforms from any sensors of myometrial activity we 
have chosen two windows: <1 cycle every.9 minutes to 
represent contracture activity and > 1 cycle every 5 min- 
utes for contraction patterns. 

Quantification of myometrial activity is important if 
changes throughout. gestation and_responses-to indi-- 
vidual pharmacologic agents are to be ‘assessed. The 
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i power spectrum may be precisely quantified by ana- 


-o lyzing the power within any spectral frequency range. 


Thus this method retains both frequency and ampli- 
‘tude characteristics. Analysis of area under either the 
intrauterine pressure or electromyogram activity en- 
-velope provides incomplete information since a given 
amount of area under curve could reflect periods of 
either predominantly contraction or contracture activ- 
ity. Power spectrum analysis also enables information 
from many hours of recording to be condensed into 
an easily visible and quantifiable format. 

Power spectrum may be used to compare myometrial 
activity of the same animal between different periods 
of time, such as the hours of daylight and the hours of 
darkness. In addition, direct comparison of the same 
period (e.g., daytime before, during, and after admin- 
istration of drugs) can be made. Thus when indometh- 
acin was infused into the maternal aorta, contractions 
were converted to contractures; the main. spectral 
power shifted to the low frequency. This effect was 
reversed when the indomethacin infusion was stopped. 

Power spectrum analysis can also be used to dem- 
onstrate whether changes occur at the same time of the 
day but at different periods of gestation or over suc- 
cessive days of an experimental protocol. For example, 
in our food withdrawal studies, the power spectral shift 
from the contractures spectrum to the contractions 

| Spectrum was much more marked at nighttime. To 
study physiologic and pathophysiologic regulation of 
o myometrial activity (e.g., preterm labor), we suggest 
`. that computer-based power spectral analysis of features 
of myometrial activity be applied to the critical times 
of the day at which a power spectral shift occurs from 
the contracture to contractions spectrum. In the search 
for better methods to understand myometrial activity 
`” both in experimental animals and in pregnant women, 
we propose that power spectral analysis will prove to 
be a powerful tool in the determination of specific pat- 
terns of myometrial activity and in the assessment of 
which patterns are innocuous and which are ominous. 


“We thank Karen Moore for assistance with the manu- 
script.and Ellen Wolfe and Larry Kantrowitz for their 
day-to-day attention to the care of the animals. We 
thank Dr. Robin Gleed for his skilled assistance with 
the critical anesthesia required for these surgeries. 


REFERENCES 


l. Harbert GM, Spisso KR. Biorhythms of the primate 
uterus (Macaca mulatta) during labor and delivery. AM J 
OBSTET GYNECOL 1980;138:686-96. 





12. 





Power spectrum analysis of myometrial activity 473 


. Nathanielsz PW, Jack PMB, Krane EJ, Thomas AL, Ratter 


S, Rees LH. The role and regulation of corticotropin in 
the fetal sheep. In: The fetus and birth. Ciba Founda- 
tion Symposium no. 47 (new series). Amsterdam: Else- 
vier/North Holland, 1977:73-91. 


. Jansen CAM, Krane EJ, Thomas AL, et al. Continuous 


variability of fetal Po, in-the chronically catheterized fetal 
sheep. AM J OBSTET GYNECOL 1979; 134:766-83, 


. Nathanielsz PW, Bailey A, Poore ER, Thorburn GD, 


Harding R. The relationship between myometrial activity, 
and sleep state and breathing in fetal sheep throughout 
the last third of gestation, AM J OBSTET” GYNECOL 
1980; 138:653-9. 


. Taylor NF, Martin MC, Nathanielsz PW, Seron-Ferre M. 


The fetus determines the circadian oscillation. of myo- 
metrial electromyographic activity in the pregnant rhesus 
monkey. AM J Oster GyNECOL 1983;146:557-67, 


. Figueroa JP, Mahan S, Poore ER, Nathanielsz PW. Char- 


acteristics and analysis of uterine electremyographic ac- 
tivity in the pregnant sheep. AM J OBSTET GYNECOL 
1985,151:524-31. f 


. Demianczuk N, Towell ME, Garfield RE. Myometrial elec- 


trophysiologic activity and gap junctions in the pregnant 
rabbit. AM ] OBSTET GYNECOL 1984;149:485-91. 


. Taverne MA, Naaktegeboren C, Elshesser F, Forsling ML, 


van der Weyden GC, Ellendorff F, Schmidt D. Myometrial 
electrical activity and plasma concentrations of proges- 
terone, estrogens, and oxytocin during late pregnancy 
and parturition in the miniature pig. Biol Reprod 
1979b;21:1125-34. 


. Novy MJ. Endocrine and pharmacological factors which 


influence the onset of labor in rhesus monkeys. In: Knight 
J, O'Connor M, eds. The fetus and birth, Ciba Founda- 
tion Symposium no. 47 (new series). Amsterdam: Else- 
vier/North Holland, 1979:259-88. 


. Ducsay CA, Cook MJ, Walsh SW, Novy MJ. Circadian 


patterns and dexamethasone-induced changes in uterine 
activity in pregnant rhesus monkeys. AM J OBSTET GY- 
NECOL 1983;145:389-96. 


. Nathanielsz PW, Frank D, Gleed R, Dillingham L, Poore 


ER, Figueroa JP. Methods of investigation of the chron- 
ically instrumented pregnant rhesus monkey prepara- 
tion maintained on a tether and swivel system. In: Na- 
thanielsz PW, ed. Animal models in fetal medicine. Ithaca, 
New York: Perinatology Press, 1984: vol 3: 110-60. 
Walsh SW, Ducsay CA, Novy MJ. Circadian hormonal in- 
teractions among the mother, fetus and amniotic fluid. 
AM J OBSTET GYNECOL 1984;150:745-53. 


. Harding R, Poore ER, Bailey A, Thorburn GD, Jansen 


CA, Nathanielsz PW. Electromyographic activity of the 
nonpregnant and pregnant sheep uterus. AM J OBSTET 
GYNECOL 1982;142:448-57. 


. Binienda Z, Massmann A, Mitchell MD, Gleed RD, Fi- 


gueroa JP, Nathanielsz PW. Effect of food withdrawal on 
arterial blood glucose and plasma 13,14-dihydro- 15-keto- 
prostaglandin F,, concentrations and nocturnal myome- 
trial electromyographic activity in the pregnant rhesus 
monkey in the last third of gestation: a model for preterm 
labor? Am J OnsTeT GYNECOL 1989; 160:746-50. 


. Campbell JA, Mathison M, Pook P, Wyatt A. Up and rup- 


ning with Asyst 2.0. MacMillan Software Company, 1987. 


. Garfield RE, Rabideau S, Challis JR, Daniel EE. Hormonal 


control of gap junction formation in sheep myometrium 
during parturition. Biol Reprod 1979;21:999- 1007, 








Pattern of human chorionic gonadotropin binding in the 
polycystic ovary 


James Brawer, PhD, Martine Richard, MSc,” * and Riaz Farookhi, PhD" 
Montreal, Quebec, Canada 


The histologic evolution of polycystic ovaries in the estradiol valerate—treated rat coincides with the 
development of a unique plasma pattern of luteinizing hormone. To assess the role of luteinizing hormone 
in polycystic ovaries, it is necessary to evaluate the luteinizing hormone sensitivity of the specific tissues in 
the polycystic ovary. Therefore, we examined the pattern of luteinizing hormone binding sites in polycystic 
ovaries. Rats at 4 or 8 weeks after estradiol valerate treatment each received an intrajugular injection of 
iodine 125~labeled human chorionic gonadotropin. Some rats also received a 1000-fold excess of 
unlabeled human chorionic gonadotropin in the same injection. Ovaries were prepared for 
autoradiography. Dense accumulations of grains occurred over the theca of normal and atretic secondary 
follicles in ail ovaries and over clusters of secondary interstitial cells. The iodine label was variable over 
the typically hypertrophied theca of precystic follicles. The theca of definitive cysts showed little or no label. 
These results indicate that cyst formation coincides with the loss of luteinizing hormone /human chorionic 











gonadotropin binding to the affected follicles. (Am J OssteT GYNECOL 1989;161:474-80.) 


Key words: Follicular cysts, polycystic ovaries, theca, LH/hCG binding 


An injection of estradiol valerate produces a poly- 
cystic ovarian condition in the rat.” The ovaries contain 
large cystic follicles that exhibit characteristic features 
such as a highly attenuated granulosa cell layer and 
marked thecal hypertrophy. Numerous clusters of large 
lipid-filled secondary interstitial cells are scattered 
throughout the stroma. In addition, the ovaries contain 
no new corpora lutea and very few normal large sec- 
ondary follicles. 

These distinctive morphologic features emerge be- 
tween 4 and 8 weeks after estradiol valerate treatment. 
During the first 4 weeks, the ovaries are characterized 
by numerous large atretic secondary follicles and, in 
fact, the transition to the cystic state appears to result 
from an arrest of the atretic process. 

The transformation in ovarian morphologic features 
to the polycystic state coincides with the appearance of 

-a unique pattern of plasma luteinizing hormone (LH). 
This specific LH pattern is observed in all animals with 
< established polycystic ovaries regardless of the duration 
__ of the condition. This suggests that LH plays a signif- 
icant role in the development and maintenance of the 
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cystic ovary. The ovary contains a variety of structures 
that are normally responsive to LH. At present we have 
no information on the LH receptivity of the tissues in 
the polycystic ovary; therefore we examined the dis- 
tribution of LH binding sites in the polycystic ovary by 
means of autoradiography, with iodine 125—labeled 
human chorionic gonadotropin (hCG) used as a ligand. 
hCG binds specifically to the LH receptor with an af- 
finity equal to that of LH.’ It has been used as a probe 
of the LH receptor for more than a decade. Our results 
demonstrate that cyst formation coincides with the loss 
of LH binding in the cells of the theca interna. 


Material and methods 


Treatment of animals. Six-week-old female Wistar 
rats were purchased from Charles River (Canada) Ltd. 
(St. Constant, Quebec). The animals were maintained 
under conditions of controlled light (12 hours per day) 
and temperature (22° C) and had free access to food 
(Purina Rat Chow, Ralston Purina, St. Louis) and water. 
Estrous cyclicity was monitored by the daily examina- 
tion of vaginal smears. Only animals that exhibited two 
consecutive normal 4-day estrous cycles immediately 
before treatment were used. 

A total of 17 animals (34 ovaries) were studied, All 
animals exhibited persistent vaginal cornification by 2 
weeks after estradiol valerate treatment: Each animal 
was injected intramuscularly with 2 mg estradiol val- 
erate in 0.2 ml sesame oil. Because we had previously 
shown that true follicular cysts appear between 4 and 
8 weeks after estradiol valerate injection,’ groups of 
animals were studied only at each of these time points 
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Fig. 1. A, Ovary exposed to I-hCG. Theca interna of healthy follicle in center of field is heavily 


labeled, as are theca and perimural granulosa cell layers of segment of type HI large follicular 
structure in extreme lower right corner of field. (Original magnification x 200.) B, Ovary exposed 
to “I-hCG and large excess of unlabeled hCG. Healthy follicle appears in center of field with 
segment of type LI large follicular structure (F) and portion of precystic follicle (P). Autoradio- 
graphic reaction product is absent from all three structures. (Original magnification X 156.) 


after estradiol valerate treatment. At 4 weeks after es- 
tradiol valerate treatment, two animals each received 
-hCG (100 x 10° cpm/0.3 ml phosphate-buffered 
saline solution; specific activity, 50 Ci/pg). Three 
other animals received the same dose of ™I-hCG and 


an approximately 1000-fold excess (on a mass basis) of 


unlabeled hormone. Similarly, at 8 weeks after estradiol 
valerate treatment, nine animals were injected with la- 
beled hCG alone and three animals received the labeled 
hormone and a 1000-fold excess of unlabeled hor- 
mone. Both ovaries of each of the animals exhibited 
cystic follicles when studied at 8 weeks. The same was 
true for the ovaries of the 4-week animals except that 
there were fewer definitive cysts per ovary. 

Hormone injection and perfusion procedure. Ani- 
mals were anesthetized with 15% urethane injected in- 
traperitoneally (1 ml/100 gm body weight) before in- 
jection with hCG. The jugular vein was exposed and 
the hCG was injected directly therein. Thirty minutes 
later the animals were perfused. The 30-minute ex- 
posure was based on previous reports that maximal 
ovarian binding of hCG occurs well within this in- 
terval.®’ 

A ventral incision was then made and the descending 
aorta and inferior vena cava were exposed. A loose 
ligature was placed around the two vessels at a level 
just above the branching of the two renal veins. The 
aorta was cleared of fat and connective tissue and was 
clamped at the point of bifurcation of the common iliac 
arteries. An 18-gauge needle was then introduced into 


the aorta just above the clamp. The needle was attached 
to a length of intravenous tubing that branched at the 
proximal end. Each branch was inserted into a bottle 
suspended 3 feet above the perfusion table. One bottle 
contained lactated Ringer’s solution and the other a 
fixative consisting of 1% glutaraldehyde and 1% form- 
aldehyde in 0.2 mol/L phosphate buffer (pH 7.4). 

A slow flow of Ringer’s solution was started just 
before insertion of the needle into the aorta; the flow 
of the lactated Ringer’s solution was then increased to 
its maximum. Simultaneously the aortic ligature was 
tightened and a small incision was made in the right 
renal vein. When the right kidney appeared to clear 
of blood, the perfusate was switched from the lactated 
Ringer’s solution to the fixative. The lactated Ringer's 
solution and the fixative were both at room tempera- 
ture. Fixative (100 to 150 ml) was perfused through 
the system. The ovaries were then removed, cleared of 
fat and connective tissue, and placed in fixative over- 
night. 

Preparation for autoradiography. Each ovary was 
cut into four or five pieces. The cuts were made to: 
include grossly invisible follicular structures in the tis- 
sue blocks. The tissues were washed in phosphate- 
buffered dextrose and were postfixed for 2 hours at 
4° C in a solution of 2% osmium tetroxide and 2% 
potassium ferrocyanide.* The tissues were then washed 
twice in a 2.4% sodium chloride solution, dehydrated 
in a graded methanol series, and embedded in Epon.” 
The Epon blocks were trimmed and 1 pm thick sections 
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Fig. 2. Cystic and precystic follicles. Precystic follicle in lower 
half of field (P) exhibits several severely atretic layers of gran- 
ulosa cells (arrowheads) in contrast to cystic follicle (C) that 
contains a relatively uniform single layer of granulosa cells 
(arrowheads), (X 135.) 


were cut with glass knives on a Reichert microtome. All 
sections were cut within 2 weeks of perfusion. 

Slides containing the sections were prewarmed, 
flooded with 5% ferric ammonium sulfate for 5 minutes 
(while on the hot plate), and rinsed in distilled water. 
They were then flooded with Regaud’s hematoxylin for 
1 minute, washed, and dried. 

Autoradiography. Autoradiography of the stained 
sections was done according to the procedure of 
Kopriwa and Leblond.” The slides were dipped in un- 
diluted Kodak NTB 2 emulsion and were then air-dried 
for 1 hour in complete darkness. The coated slides were 
placed in sealed black plastic boxes that contined an- 
hydrous calcium sulfate (desiccant) and stored at 4° C. 
A test slide removed at 8 days of exposure revealed 
significant autoradiographic reaction. Therefore most 
of the slides were removed and developed at this time. 
A few slides from each ovary were exposed for 21 days. 
Slides were submerged for 6 minutes in freshly pre- 
pared Kodak D-170 developer at 18° C, rinsed in dis- 
tilled water, fixed in 24% sodium thiosulfate, washed, 


Fig. 3. Cyst wall in ovary exposed to J-hCG. Large polygonal 
cells make up theca interna (7). Lipid droplets appear as nu- 
merous clear vesicles in thecal cells. Granulosa layer (arrow- 
heads) is one cell thick. Note absence of autoradiographic label. 
(x 625.) 


and air-dried; a coverslip was applied. Photomicrog- 
raphy was done on a Leitz Laborlux D microscope with 
a Wild photoautomat MPS 45 camera attachment. 

Chemicals and reagents. Estradiol valerate (Deles- 
trogen, Squibb Canada, Inc.) was purchased from the 
Royal Victoria Hospital, Montreal. Highly purified 
hCG (CR-121,; 13,450 1U/mg) was a gift from the Cen- 
ter for Population Research of the National Institute 
of Child Health and Human Development, Bethesda. 
lodination and characterization of iodinated hormone 
were done in our laboratories in accordance with the 
method of Ireland and Richards." hCG (1000 TU/mg) 
used as excess unlabeled hormone in controls was ob- 
tained from Ayerst Laboratories (Montreal). 


Results 

The morphologic features of the precystic and cystic 
ovaries in the estradiol valerate—treated rat have been 
described previously.* |’ Although the ovaries observed 
in this study generally conform to those descriptions, 
the use of perfusion fixation and Epon embedding has 
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Fig. 4. A, Healthy and cystic follicles in ovary exposed to '"I-hCG. Theca interna of healthy follicle 
(H) is heavily labeled in contrast to that of cyst (C). (Original magnification X 125.) B, Wall of cystic 
follicle in ovary exposed to '™*I-hCG. Portion of antrum (A) appears in upper left of field. Very old 
atretic follicle (F) is just beneath segment of cyst wall. Large lipid-filled thecal cells in this segment 
of cyst wall exhibit few grains. (Original magnification x 500.) 


permitted a more detailed histologic examination and 
has revealed several novel features. The specificity of 
251 -hCG binding can be appreciated by examining sec- 
tions from animals injected with labeled hormone to 
comparable sections from animals that received labeled 
hormone and a large excess of unlabeled hormone (Fig. 
1). The ovaries of all controls that received an excess 
of unlabeled hormone exhibited negligible autoradio- 
graphic labeling. 

In this study we observed three classes of large fol- 
licular structures, none of which appear in the normal 
ovary. The first of these structures exhibited thecal hy- 
pertrophy and a size that approximated that of the true 
cyst (Fig. 2). However, the antrum was encompassed 
by several irregular layers of degenerate granulosa 
cells. This large follicular structure is identical to the 
precystic follicle described previously.’ '°I-hCG bind- 
ing in these follicles was scant and limited to the theca. 

The second type of large follicular structure, the typ- 
ical follicular cyst, consisted of a large antrum sur- 
rounded by one or two layers of granulosa cells and a 
hypertrophied thecal cell layer (Fig. 2). The thecal cells 
were often polygonal in shape and very large in contrast 
to the small fusiform thecal cells observed in healthy 
secondary follicles. The large thecal cells in cystic fol- 


licles frequently contained numerous lipid droplets 
(Fig. 3). However, in some cysts the theca also contained 
small fusiform cells. Labeled hCG binding in these fol- 
licles was absent in the granulosa and rare to absent in 
the theca (Figs. 3 and 4). 

The third type (type III) of large follicular structure 
exhibited a unique appearance (Fig. 5). It was the larg- 
est of the follicular structures and consisted of four or 
five layers of healthy granulosa cells surrounding a 
huge antrum. The granulosa cells, however, differed 
from those in a normal secondary follicle; they were 
smaller, more densely stained, more densely packed, 
and more variable in shape. These differences can best 
be seen in Fig. 6. Mitotic figures were also occasionally 
seen randomly scattered throughout the granulosa cell 
layers. The thecal cell layer was of ordinary thickness 
and consisted of the small fusiform cells that typify the 
healthy secondary follicle. Both the theca and granu- 
losa cell layers of these follicles displayed labeled hCG 
binding. Thecal labeling was intense; dense patches 
of labeling occurred over the perimural granulosa 
(Fig. 6). 

The precystic follicle was the most commonly ob- 
served large follicular structure 4 weeks after estradiol 
valerate treatment. Definitive cysts were rare and the 
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Fig. 5. Type IH large follicular structure. ‘This type of follic- 
ular structure is the largest seen in polycystic ovary. It is char- 
acterized by healthy granulosa cell layers and by modest theca 
interna consisting of several layers of small fusiform cells. 
(Original magnification x 140.) 


type IH large follicular structure was never seen. By 8 
weeks the precystic follicle was still the most commonly 
observed large follicular structure, although numerous 
cysts were also present. The type III large follicular 
structure also appeared at 8 weeks but occurred ap- 
proximately half as frequently as the definitive cysts. 
There was considerable histologic variation in the 
multitude of atretic secondary follicles, not only in the 
granulosa cell layers but also in the theca. For example, 
the proportion of large vacuolated polygonal thecal 
cells to the small fusiform variety differed considerably 
between follicles. Generally, the more severely atretic 
follicles had the greater proportion of large polygonal 
cells. Severely atretic follicles in various states of col- 
lapse contained exclusively large heavily vacuolated 
thecal cells that were indistinguishable from secondary 
interstitial cells. All normal and atretic secondary fol- 
licles that were observed exhibited label over the theca. 
Even severely atretic follicles, in which the granulosa 


cell layer had been lost and which were in a state of 


near collapse, exhibited intense thecal labeling (Fig. 7). 

Clusters of secondary interstitial cells were numerous 
throughout the stroma. Apparently healthy primary 
and small secondary follicles also occurred. Healthy 
secondary follicles were more numerous at the 4-week 
posttreatment interval than at 8 weeks. The numerous 
clusters of secondary interstitial cells were variably la- 
beled. The most recent clusters, in which remnants of 
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Fig. 6. Segments of type HI large follicular structure (F) and 
of healthy follicle (H) in ovary exposed to '°1-hCG. Both theca 
and perimural granulosa cell layers of type HI large follicular 
structure are heavily labeled. Only theca interna is labeled in 
segment of healthy follicle. (x 500.) 


the antecedent follicular structure were still visible (e.g., 
a collapsed antrum), were heavily labeled. However, 
more irregular clusters of secondary interstitial cells 
were labeled to a lesser extent and the label was not 
uniformly distributed over all cells. Some patches 
of interstitial cells showed little or no label. These 
were randomly interspersed among intensely labeled 
clusters. 


Comment 

Three unusual large follicular structures were ob- 
served in the polycystic ovary in this study. Two of 
these, the cyst and the precystic follicle, had been iden- 
ufied and described previously.’ To our knowledge, the 
third variety has not been described. This large follic- 
ular structure exhibits a normal theca and several 
healthy layers of granulosa cells typical of a large pre- 
ovulatory follicle. Moreover, the presence of dense hCG 
binding in the perimural granulosa cells also indicates 
an active preovulatory follicle. However, the total ab- 
sence of corpora lutea in all ovaries examined, both at 
4 and 8 weeks, precludes the possibility that these large 
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follicles are ovulating. However, they may be capable 
of ovulation if exposed to an LH surge of sufficient 
magnitude, an event that under ordinary circumstances 
would not occur in the rat with polycystic ovaries. We 
have demonstrated, however, the presence of corpora 
lutea in the previously polycystic ovary after an LH 
surge induced by luteinizing hormone—releasing hor- 
mone.” The most likely antecedent to such corpora 
lutea would seem to be the type HI large follicular 
structure. However, their remarkable size and the pres- 
ence of mitotic figures in the mural granulosa cell layers 
further distinguish these unique structures from or- 
dinary preovulatory follicles. At present, we are unable 
to explain how and why such structures develop in a 
milieu in which most follicles become atretic or cystic. 
The fate of these structures is also unclear at present. 

We have previously shown that cystic follicles are not 
merely preovulatory follicles, but unique follicular 
structures without counterpart in the normal ovary.” 
The added resolution afforded by perfusion fixation 
and Epon embedding in this study confirms this 
finding. 

The most significant finding in our study is the pauc- 
ity of hCG binding to the theca of true cystic follicles. 
This is in marked contrast to thecal binding in normal 
and atretic follicles within the same ovary. Indeed, the 
hCG binding over noncystic theca and secondary in- 
terstitial cells was often so intense that individual grains 
could not be assigned to cells of origin, and cell bound- 
aries could not be accurately determined in the un- 
derlying tissue. This rendered grain counting unfeas- 
ible and unnecessary because so very few grains oc- 
curred over the theca of cystic follicles. 

Thus it appears that the arrest of atresia and the 
transition from the precystic to the cystic condition co- 
incide with a loss in hCG binding and, presumably, a 
loss in sensitivity to LH. Why this occurs only in selected 
follicles is unclear. Furthermore, this observation is par- 
ticularly puzzling in view of the elevated androgen 
concentrations that have been reported in cyst fluid in 
human polycystic ovaries.'*' We have not measured 
androgen concentrations in the cysts of estradiol 
valerate—treated rats (the fluid yield is exceedingly 
small). However, plasma androgen (testosterone, an- 
drostenedione, or dehydroepiandrosterone) concen- 
trations in these animals are similar to those of normally 
cycling controls,” Although it is conceivable that thecal 
androgen production in cysts may be regulated by a 
factor other than LH, it appears more likely that much 
of the androgen production in the polycystic ovary may 
be explained by the extensive LH-sensitive secondary 
interstitial tissue,” and the LH responsive thecal tissue 
of noncystic large follicular structures. 

In addition to the large follicular structures unique 
to the polycystic ovary, a variety of ordinary structures 
commonly encountered in normal ovaries was ob- 
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Fig. 7. Follicle in terminal stage of atresia in ovary exposed to 
231.-hCG. Thick ellipsoidal theca interna, consisting of hyper- 
trophied lipid-filled polygonal cells, is heavily labeled. Lumen, 
lined by single layer of granulosa cells (arrowsheads), 1s near 
point of collapse. (x 500.) 


served. These include normal and atretic primary and 
secondary follicles and clusters of secondary interstitial 
cells in the stroma. Moreover, the pattern of hCG bind- 
ing to these structures was identical to that reported 
previously in normal ovaries and in ovaries in which 
atresia was experimentally induced. It has been shown, 
for example, that binding of hCG to granulosa cells 
occurs only in large normal secondary follicles," " The 
hCG binding to granulosa cells of large atretic follicles 
is very limited.®® Differences in the level of hCG bind- 
ing to granulosa cells, in these models is inversely pro- 
portional to the degree of atresia. 

Binding of 'I-hCG to the theca interna of atretic 
follicles was either greater than” or equivalent to” that 
of healthy follicles of similar size. Similarly, the sec- 
ondary interstitial cells in these models of atresia 
showed variable binding. As in our study, the most 
recently formed interstitial clusters exhibited the most 
intense label. 

Thus the histologic components common to both the 
polycystic and noncystic ovary display similar hCG 
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binding irrespective of the type of ovary in which they 




















occur, This underscores the fact that not only is the 
cystic follicle histologically unique but also it exhibits 
LH binding characteristics unlike that of any other fol- 
licular structure. 

The results of our study raise a number of important 
questions. It is not clear whether the loss of thecal LH 
binding is causal to the transition between the precystic 


and the cystic state, or whether it is a consequence of 


cyst formation. Moreover, we are confronted with an 
unexpected situation in which hypertrophied, lipid- 
containing thecal cells are apparently insensitive to LH. 
Paradoxically, thecal cells of identical appearance in 
atretic follicles and in interstitial cell clusters within the 
same ovary exhibit intense hCG binding. The func- 
tional properties, steroidogenic capabilities, and the 
roles played by these different thecal populations in 
polycystic ovaries remain to be determined. 


We thank Dr. Beatrix Kopriwa and Mr. Fernando 
Evaristo for technical assistance and advice in autora- 
diography. 
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ct of a 48-hour intravenous A’*- androstenedione infusion 
on e pregnant rhesus monkey in the last third of 
_ gestation: Changes in maternal plasma estradiol concentrations 
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increased myometrial activity in the pregnant rhesus monkey occurs in situations in which plasma estrogen 
concentrations are elevated. Examples of such situations are after laparotomy, with or without hysterotomy, 
and before delivery. The increased activity occurs primarily in the hours of darkness. To investigate:the 
possibil ity of a causal relationship between the rise in estrogens and myometrial. activity, we infused 
androstenedione intravenously for 48 hours to the rhesus monkey in the last third of gestation. Myometrial 
activity was quantified either as an increase in the number of individual contraction events or as a change 
in the power spectrum at high frequencies characteristic of contractions. Androstenedione infusion was 
followed by increased myometrial activity. Maternal plasma 178- -estradiol concentration was significantly 
elevated at 10 am on the second day of androstenedione infusion. We conclude that, in the rhesus monkey 
late in gestation, estradiol may play a role in the regulation of the contraction activity observed during the 
hours of darkness in several different situations. (AM J OssteT Gynecol 1989;161:481-6.) 


Key words: Estrogens, estrogen precursors, myometrial contractility in pregnancy 


Maternal plasma estrogen concentrations in the 
pregnant rhesus monkey are high throughout gestation 
and rise at delivery. This increase is not as dramatic 
“ag that described in the pregnant sheep.’ In the non- 
pregnant sheep, estradiol administration results in both 
stimulatory and inhibitory effects on the myometrium.’ 
However, the role of estrogens in stimulating myo- 
metrial activity during pregnancy in the primate has 
not been studied in detail. 

In the pregnant rhesus monkey, 24-hour patterns of 
maternal plasma steroid hormone concentrations have 
been demonstrated.’ Because of possible delays in the 
passage of estradiol formed in the placenta and mem- 
branes in reaching maternal blood plasma,’ it is difficult 
to assess the potential for a causal relationship of 
changes in plasma estradiol concentration and the well- 
established patterns of myometrial activity that have 
been described by several investigators.” 7 Myometrial 
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activity in the relatively unstressed instrumented preg- 
nant rhesus monkey is generally of the contracture type ` 
when recorded either with electromyogram leads or 
intrauterine pressure measurement.’ This is true unless 
the mother has recently undergone surgery, is stressed 
in some other fashion, or is about to deliver. In each 
of these situations contractures change to predomi- 
nantly contractions around the hours of darkness.” * 
We have demonstrated that the administration of the 
aromatase inhibitor 4-hydroxyandrostenedione will in- 
hibit the change to contractions that is normally ob- 
served after laparotomy and hysterotomy.’ The possi- 
ble causal relationship linking changes in hormone con- 
centrations to the increase in nocturnal contraction 
activity that has been demonstrated after surgery,’ dur- 
ing certain forms of stress, such as food withdrawal,° 
and before labor and delivery’ remains to be deter- 
mined. 

Short-term administration of androstenedione to él- 
ther the fetus or mother" results in increased plasma 
concentration of estradiol in pregnant monkeys. Estro- 
gens will cross the primate placenta."' In this study we 
administered At-androstenedione for 48 hours to in- 
crease placental estrogen production in the pregnant. 
rhesus monkey. We wished to determine whether main- 
tained elevation of maternal plasma estrogen-concen-. 
trations would be accompanied by a change from myo- 
metrial contractures to contractions around the hours. 
of darkness. 
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Table I. Arterial plasma estradiol concentration in the pregnant rhesus monkey 











Second-day baseline period 








Second-day experimental period 


Second-day recovery period 








Experiment 


No. 10 AM 


Controls infused with intralipid 10% (0.25 mllmin for 48 hr) 


l 532.8 308.0 399.2 217.8 

2 326.2 317.4 295.1 417.1 

3 312.1 231.2 292.4 357.4 

Mean 390.4 285.5 328.9 330.8 
SEM 71 27 35 59 

Animals infused with A -androstenedione (2 mg/hr in intralipid) 

4 313.8 270.9 650.0 1931.2 

5 224.7 384.3 287.5 281.7 

6 321.5 385.1 237.8 1672.8 

7 248.6 343.8 332.0 2288.8 

Mean 277.1 346.0 376.8 1544.0 
SEM 23 27 93 439 









3 PM 





9341.4 262.2 248.6 343.8 332.0 
414.8 259.6 388.3 331.3 337.8 
357.4 357.4 $ X b 
371.2 293.1 318.5 377.6 334.9 

22 32 69 6.2 2.9 

1735.6 1053.6 381.1 393.3 361.4 

1198.7 1749.6 1367.3 343.3 643.7 
435.3 379.0 306.1 306.1 306.1 

1585.6 1519.9 447.7 $ 354.5 

1239.0 1176.0 626 347.6 416.4 
291 302 249 25 77 








*Data not available. 


Material and methods 


Care of animals 

Surgical procedures. Five pregnant rhesus monkeys of 
known gestational ages were obtained from the Cali- 
fornia Regional Primate Center in Davis, Calif., and 
acclimated to the laboratory conditions as previously 
described.” * The animals were housed in rooms with 
controlled light cycles (14 hours light and 10 hours 
dark) (Fig. 1), with lights on at 6 AM. Food provided 
was Purina 5045 Monkey Chow (Purina, St. Louis) and 
fresh fruits. Water was provided as desired during the 
experimental period. Animals were instrumented using 
techniques described previously.” ë Briefly, catheters 
were placed in the maternal femoral artery and vein 
with the animal under halothane anesthesia. In each 
animal, two pairs of myometrial electromyogram leads 
were placed on the anterior wall of the uterus. Two 
catheters made of Tygon microbore tubing (Norton 
Performance Plastics, Akron, Ohio; inner diameter 
1.27 mm, outer diameter 2.29 mm) with a side hole | 
cm from the tip were placed with 3 to 6 cm of the 
catheter within the amniotic cavity. A small retaining 
collar of Tygon prefabricated around the catheter was 
located just within the uterus. At surgery monkeys 
ranged from 92 to 107 days‘ gestational age. 

- Recording of intrauterine pressure and myometrial 
electromyogram and data storage. The uterine elec- 
tromyogram was recorded from multistranded bipolar 
stainless steel wires (Cooner AS 632, Chatsworth, Calif.) 
implanted 3 to 5 mm apart on at least two sites of the 
myometrium.’* One of the intraamniotic catheters was 
connected to a pressure transducer (Cobe, Lakewood, 
Colo.) that was placed in a small box on the monkey’s 
back, beneath the jacket. Acquisition of the myometrial 
` electromyogram and intrauterine pressure waveforms 
was performed with a custom-built computer-based 
data acquisition system. Details of sampling frequency 
and filters have been previously published." Briefly, the 


signals (electromyogram and intrauterine pressure) 
were sampled at 32 Hz, and the average value over 8 
seconds was digitized and stored on tape with a time 
signal. The initial sampling frequency of 32 Hz 
prevented aliasing problems with changing signals, 
whereas the lower storage rate of one reading every 8 
seconds creates a manageable volume of data for sub- 
sequent analysis. 

Data analysis. Fast Fourier Transform and power 
spectrum analysis were performed on the digitized in- 
trauterine pressure and electromyogram data with the 
Asyst 2.0 system. Since the Fast Fourier Transform” 
software program works on multiples of 4096 data 
points, we analyzed only the hours 10:54 am to 8 PM 
for periods of light and 8 pm to 5:06 am for the periods 
of darkness. Integration of the area under the curve 
of the power spectrum was performed by addition of 
all the data points: for low frequencies 0.01 to 0.11 
cycle/min or less than one cycle every 9 minutes, and 
for high frequencies 0.2 to 0.8 cycle/min or greater 
than one cycle every 5 minutes." 

Individual epochs of activity were calculated. with a 
minimum duration of 16 seconds as.a requirement, a 
2-hour running mean as threshold, and a 40-second 
delimiter to establish the termination of an event. Con- 
tractions were classified in a 16- to 96-second window, 
and contractures were classified in a 96- to 896-second 
window, with techniques similar to those we have re- 
ported in sheep.” 

Administration of A‘ androstenedione in intralipid. 
Forty-eight milligrams of A'-androstenedione (Sigma 
Chemical, St. Louis) was prepared daily and mixed with 
6 ml of a 10% fat emulsion (intralipid 10%, Kabi Vi- 
trum, Inc., Alameda, Calif.), In the four animals in the 
A'-androstenedione group this emulsion was infused 
for 48 hours at a rate of 0,25 mi/hr with a C-99 battery- 
operated pump (Razel Scientific, Stamford, Conn). In- 
tralipid alone was infused as a control in three animals. 
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dn two animals the intralipid study was performed 1 
week before the androstenedione infusion. 

‘Blood sampling. Maternal arterial blood samples 
were taken into sterile, cold, heparinized syringes, 
placed in ice-cold heparinized tubes, and immediately 
cooled in ice. Blood was centrifuged at 4° C for 3 min- 
utes at 6000 rpm. Plasma was removed at once with 
sterile pipette and was flash-frozen in liquid nitrogen. 
All samples were stored at ~ 20° C. The red cells were 


al 


resuspended in a volume of saline solution equal to the 
volume of plasma and reinjected into the maternal ar- 
terial catheter. Samples were taken at 9 pM, 10 AM, and 
3 PM. 

Statistical analysis. Plasma estradiol data were ana- 
lyzed by paired £ test comparing data obtained on the 
second control day versus the second experimental 
day at each individual sampling time in both the 

_androstenedione- and intralipid-infused groups. Uter- 
ine electromyogram activity was analyzed by use of the 
previously described output of the computerized power 
spectrum analysis and the epoch counting analysis. To- 
tal area under the curve data for the power spectrum 
windows was normalized for amplitude with the value 
for each animal on control day 2 considered 100%. The 
paired z test was used to compare myometrial activity 
on the second control day and the second experimental 
day in both the androstenedione- and intralipid- 
infused groups. 

Radioimmunoassay of estradiol. Maternal plasma 
estradiol concentration was measured in duplicate ali- 
quots of 200 pl of plasma after ether extraction, The 
Coat-a-Count antibody-coated tube with the iodine 125- 
labeled estradiol kit (TKE 25, Diagnostic Products 
Corp., Los Angeles) was used. Specificity was further 
evaluated by comparing values obtained after ether ex- 
traction of nine individual pregnant monkey plasma 
samples followed by column chromatography on Seph- 
adex LH 20 (Pharmacia Fine Chemicals, Piscataway, 
N.J.) with values for the same sample extracted but not 
chromatographed. Chromatographed samples had val- 

‘ues that were 98.0% + 15.9% (mean + SD, n = 9) of 
the estradiol concentration obtained on the same sam- 
ple without chromatography. Parallelism was con- 
firmed by assaying serial dilutions of normal rhesus 
monkey pregnancy plasma and nonpregnant rhesus 
monkey plasma to which estradiol had been added. 


Results 
Table I shows the changes in maternal plasma 17B- 
estradiol concentration in the three daily samples on 
the second day of the control period, on the second 
day of the androstenedione infusion period, and the 
‘second day of the recovery period in four monkeys 
infused with androstenedione in intralipid, and in 
three control animals infused with intralipid alone. 
- On the second day of the androstenedione infusion 
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Fig. 1. Time line for the 6 days of the experiment. All animals 
were infused with saline solution on the two: control days, CZ 
and C2. On the experimental days, EXP] and EXP2, animals 
were infused with either androstenedione (2 mg/hr) in intra- 
lipid or intralipid alone. Blood samples were taken on the 
second control day (C2), experimental day two (EXP2), and 
the second day of recovery (REC2). 


period, maternal plasma estrogen concentration was 
elevated at all three sampling times. This increase 
was statistically significant compared with the same 
times of the second control day, respectively (p < 0.05). 
Although only the 9 pm samples were available from 
all three control animals, estradiol concentrations at 
this time showed no rise from the values on the control 
day 2. 

Myometrial electromyogram recordings 

Effect of androstenedione on myometrial contractility, Fig. 
2A shows the effect of two days of intravenous andro- 
stenedione infusion on the power spectrum of myo- 
metrial electromyogram during the hours of darkness 
in one pregnant rhesus monkey. By the second night 
of infusion, maternal plasma estradiol was elevated and 
the concentration portion of the power spectrum was 
increased. In contrast, there was no change in the 
power spectrum at any time when the intralipid vehicle 
was infused alone (Fig. 2B). 

Fig. 3, A and B, shows the changes that occur in the 
power spectrum areas in the contractures and contrac- 
tions windows in the hours of light and darkness during 
the androstenedione and intralipid infusions, respec- 
tively. During the hours of darkness, there was an in- 
crease in contraction type activity. Similarly, when the 
individual epochs of activity were separated into con- 
tractures (96 to 896 seconds’ duration) and contractions 
(16 to 96 seconds’ duration) throughout the 3 days 
when analysis was conducted, there was a significant 
increase in contraction frequency on the second night 
of androstenedione infusion (p < 0.05) (Fig. 4, A). 


Comment 


The continuous intravenous administration of an- 
drostenedione for 48 hours to the pregnant rhesus 
monkey resulted in a significant, maintained rise in 
maternal plasma estradiol concentration. This obser- 
vation confirms the findings of others using-4-hour 
infusion that, in the nonhuman primate, intravenously 
administered C19 androgen precursors can be con- 
verted to estrogens late in pregnancy." In this study, 
estrogen concentrations rose to levels slightly higher 
than those previously described as being present at 
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Fig. 2A. Effect of androstenedione infusion (2 mg/hr in in- 
tralipid 10% at 0.25 ml/hr) intravenously to a pregnant rhesus 
monkey on myometrial electromyogram power spectrum dur- 

‘ing the hours of darkness; control days 1 and 2 (C, and C;) 
followed by 2 days of androstenedione (EXP, EXP); followed 
by 2 days of recovery (REC, REC). 


term in the pregnant rhesus monkey.’ This elevation 
in plasma estrogen concentrations was accompanied by 


a statistically significant increase in the incidence of 


nocturnal contractions. Although intrauterine pressure 

was also recorded in our study, we have not examined 

< intrauterine pressure data statistically since movement 

_ artifacts in the free-ranging, tethered animal may com- 
promise analysis. These concerns are probably of lesser 

“importance when studies are conducted with the pri- 
mate in a restraining chair. 

In the pregnant sheep the stress of food withdrawal 
late in pregnancy also increases myometrial activity and 
may lead to preterm labor.’ Maternal plasma estrogen 
concentrations are increased in this situation.'® We have 
previously demonstrated that 48 hours of food with- 
drawal in the pregnant rhesus monkey in the last third 
of gestation also leads to an increase in contraction-type 
myometrial activity.* During the same study an increase 

_ in maternal estradiol was noted.” Because of the pres- 
ence of a fetoplacental unit the locations of the bio- 


ue ‘chemical pathways leading to estrogen production in 


the nonhuman primate are not directly comparable to 
; those i in the sheep.” Estrogen has been shown to play 
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Fig. 2B. Effect of intralipid 10% infusion (0.25 ml/hr) on 
myometrial electromyogram power spectrum during the 
hours of darkness; days C1, C2 correspond to the 2 control 
days of the androstenedione infusion; EXP, and EXP, were 
the days of intralipid infusion; REC, and REC, were equivalent 
to the recovery days of androstenedione infusion. 


a role in progesterone production in the baboon"; thus 
the possible interplay of these steroids complicates the 
picture. 

Suppression of maternal and fetal adrenal function 
by adminstration of dexamethasone to the pregnant 
monkey not only depresses myometrial activity, but. also 
abolishes the 24-hour rhythm observed in myometrial 
activity.” This depressant effect may well be due to 
inhibition of estrogen production. However, other 
mechanisms are likely to play a role because mean uter- 
ine activity returned to baseline levels in the 48 hours 
after dexamethasone treatment, but the peak in noc- 
turnal activity remained absent.” 

Dexamethasone has been shown to prevent the nor- 
mal increase in maternal plasma estrogens that occurs 
in the pregnant rhesus monkey at term. Administration 
of dexamethasone was accompanied by a prolongation 
of gestation. In contrast, estradiol administration 
failed to produce preterm delivery in the presence of 
a live fetus.” However, amniotic implants of esttadiol 
will result in preterm delivery in the rhesus monkey, 
suggesting that the site of generation or administration 
of estrogen may be critical.” Partly because of these. 
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Fig. 3. Effect of 48-hour infusions of intravascular andro- 
stenedione (A) and intralipid (B) to the pregnant rhesus mon- 
key. Two power spectrum windows were analyzed. Contrac- 
tures (W) were represented in the 0.01 to 0.11 cycles/min 
window; contractions (88) were represented in the 0.2 to 0.8 
cycles/min window. No changes occurred in either window 
during the hours of light (10:54 am to 8 pm). During the hours 
of darkness (8 pm to 3:06 AM) the power in both the contrac- 
tions and contractures window was significantly increased on 
the second day of androstenedione infusion (p < 0.05). 
Mean + SEM; n = 4 for androstenedione infusion and n = 3 
for intralipid controls. C2 is the second control day; EXP2 is 
the second day of either intralipid or androstenedione infu- 
sion. REC2 is the second recovery day of the 6-day protocol. 
Asterisk, p < 0.05 when EXP2 was compared with C2. Intralipid 
10% or androstenedione 2 mg/hr in 10% intralipid infused 
on the 2 experimental days. 


observations we chose to infuse androstenedione as an 
estrogen precursor to stimulate estrogen production at 
its normal site rather than infuse estradiol directly. 
The change from contractures to labor contractions 
that occurs at term in many species is accompanied by 
changes in absolute maternal plasma estrogen levels or 
the estrogen/ progesterone ratio.” The most likely ex- 
planation of our data is that estrogen production at the 
normal site from precursors administered intrave- 
nously can modify myometrial activity. A consistent fea- 
ture of postsurgical stress, food withdrawal,” and the 
current study is the observation that in the presence of 
continuous stress the change in myometrial activity is 
periodic and apparently entrained to the light-dark cy- 
“ele. Incthis study the major changes in myometrial ac- 
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Fig. 4. Effect of intravascular androstenedione (A) and intra- 
lipid (B) infusions to the pregnant rhesus monkey for 48 hours 
on the number of myometrial contraction and contracture 
type epochs, Contractions (88) represent epochs lasting 16 to 
96 seconds and contractures (I) epochs lasting 96 to 896 sec- 
onds. The only significant change was the increase in con: 


traction frequency on the second night of androstenedione 


infusion (p < 0.05). Hours of daylight analyzed from 10:54 
AM to 8 pM; hours of darkness were 8 PM to 5:06 AM. 


tivity occurred in the early hours of darkness, although 
maternal plasma estradiol was elevated throughout the 
entire day. The mechanism by which estrogens stim- 
ulate myometrial contractions remains unclear, Estro- 
gens may alter the population of adrenergic receptors 
on the myometrial cell, thereby directly influencing 
myometrial activity.” It is possible that other agonists 
are secreted during the hours of darkness and the es- 
trogens serve merely to lower the myometrial threshold 
to such putative agonists. Further studies are needed 
to explore this relationship. 

Our study was designed in part to evaluate a possible 
role for androgen precursors in the increased myo- 
metrial activity that accompanies several forms of stress. 
We postulate that in situations of acute or chronic stress, 
androgen precursor production rises and may lead to 
increased estrogen production. In turn, the estrogens 
stimulate increased myometrial contractility. Further 
studies are required to prove this hypothesis. An al- 
ternative mechanism that would be compatible with our 
observations is that androstenedione itself induced an 


increase in myometrial activity. This explanation would 























have implications for the role of androgens released 
from. maternal and fetal adrenals during different 
stress states. This pregnant nonhuman primate model 
may prove to be useful not only in the study of factors 
that determine myometrial activity in general, but also 
with respect to putative mechanisms that can precipiate 
premature labor. 


We thank Ms. Tami Myers and Dr. James Owiny for 


assistance with the estradiol assay. 
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in vitro S-phase labeling 
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The validity of 48 endometrial proliferative indices derived from flow cytometric deoxyribonucleic acid 
histograms was tested by comparison with S-phase labeling indices. There was a positive but weak 
correlation. Despite this correlation, there was a good relationship between the flow cytometric proliferative 
indices and both the menstrual phase and degree of tissue differentiation in a larger series of 162 normal, 
hyperplastic, and malignant endometrial specimens examined by flow cytometry alone. Flow cytometric 
proliferative indices may be useful for prediction of tumor behavior in non-DNA aneuploid endometrial 
carcinomas that are assessed as being a good prognostic type by other tumor parameters. (Am J OBSTET 


GYNECOL 1989;161:487-92.) 
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Endometrial carcinoma is conventionally classified by 
tumor stage and histologic grade. Other hormone re- 
ceptor and cell kinetic parameters have been claimed 
to have prognostic importance, but their detailed re- 
lationships to tumor behavior are still uncertain.'* Tu- 
mor kinetic measurements may be performed by la- 
beling of cells in culture with various deoxyribonucleic 
acid (DNA) precursors or by measurement of the quan- 
tity of DNA in individual tumor cells. From the DNA 
histogram, it is possible to identify diploid cells in the 
Ga or G, phase of the cell cycle, tetraploid cells in the 
G; phase or mitosis, and to calculate the proportion of 
cells intermediate between diploid and tetraploid that 
are presumably in S phase. If there is a second G,/G, 
population peak of nondiploid cells, the tumor is said 
to be DNA aneuploid; this second peak interferes with 
the counting of S-phase cells. Until recently cellular 
Z DNA was measured by microspectrophotometric meth- 
ods,’ but these are laborious and flow cytometry has 
‘superseded them for rapid and precise DNA measure- 
ments on large numbers of cells.’ 

In a number of tumor types, flow cytometric mea- 
surement of DNA content has identified a DNA aneu- 
ploid group with a poor prognosis and a diploid group 
with a more favorable prognosis.*> Such studies can be 
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Flow cytometry of normal, hyperplastic, and malignant 


A study of ploidy and proliferative indices including comparison with 





performed on paraffin-embedded tissue,” which allows 
examination of archival material and greatly expedites 
the development of detailed prognostic indicators. 
There have been a number of studies of endome- 
trium. >> DNA aneuploid tumors appear to have a 
worse prognosis. Although S-phase fractions were 
greater in poorly differentiated tumors, the S-phase 
fraction itself did not correlate with prognosis.’ How- 
ever, others have claimed that larger S-phase fractions 
are associated with more deeply invasive tumors." 

Other kinetic parameters such as S-phase labeling 
indices'' should provide similar results but are more 
laborious and require fresh tissue. Experiments to com- 
pare flow cytometric proliferative indices with thymi- 
dine or bromodeoxyuridine labeling indices have pri- 
marily been confined to cell culture systems or animal 
tumor models.’* © 

The purpose of our study was to use such prolifer- 
ative indices as a prognostic indicator in endometrial 
cancer. As a preliminary step to a large retrospective 
study, we report the proliferative indices and ploidy 
status of normal, hyperplastic, and malignant endo- 
metrium. To validate the results, a number of fresh 
endometrial specimens were labeled in vitro with the 
thymidine analog bromodeoxyuridine, and S-phase in- 
dices were derived and compared with the flow cyto- 
metric proliferative indices. 


Methods 


The study was performed in two parts. First, 48 non= 
DNA aneuploid endometrial specimens were labeled 
in vitro with bromodeoxyuridine to derive S-phase in- 
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Table I. Number of specimens examined by each technique 












Histologic features Ts and Ip 
Proliferative 15 
Secretory 9 
Hyperplasia 
Simple cystic 4 
Architectural atypia 5 
Cytologic atypia 5 
Carcinoma 

Well-differentiated l 

Moderately differentiated 2 

Poorly differentiated 2 
Other 

Atrophic or menstrual 5 
TOTAL 48 


Flow only 

















Diploid Aneuploid Total 


61 0 76 
33 0 42 
9 ! i4 
18 2 25 
3 0 8 
18 7 26° 
12 9 16 
8 1 1 
0 0 5 
162 T3 993 





dices (Is). Adjacent portions of the same specimens were 
examined by flow cytometry. From the DNA histo- 
‘grams, proliferative indices (Ip) were calculated and 
compared with the I; values. Second, flow cytometric 
measurement of ploidy and I, was performed on an- 
other 175 normal and abnormal endometrial specimens 
obtained from the archives. The histopathologic di- 
agnosis of the fresh and archival cases combined with 
_ those of the whole series are listed in Table I. The flow 
cytometric results are only reported in detail for the 

223 normal, hyperplastic, and malignant specimens. 
Five atrophic and menstrual specimens were included 
in the first part of the study to test the correlation 
between I, and I). 

Comparison of in vitro labeling and flow cytometry. 
Forty-eight endometrial specimens were obtained fresh 
from the operating room. Curettage specimens were 
immediately placed in phosphate-buffered saline so- 
lution (pH 7.4), and adjacent specimens were placed in 
formalin and routinely processed for histologic ex- 
amination. The method of bromodeoxyuridine label- 
ing correlates well with thymidine labeling. Briefly, 
F mm’ pieces of endometrium were incubated for | 
hour at 37° C on grids in phosphate-buffered saline 
solution containing 2 X 10~* mol/L bromodeoxyuri- 
dine and fixed in Carnoy’s solution. Three-micron par- 
affin.sections were denatured in hydrochloric acid and 
labeled with a monoclonal anti-bromodeoxyuridine an- 
tibody by means of an indirect peroxidase technique. 
A moderately differentiated adenocarcinoma labeled 
with. bromodeoxyuridine is shown in Fig. 1. Labeling 
indices (Is) were derived for glands and stroma sepa- 
rately by the following formula: 


L= Labeled cells 
* Labeled and unlabeled cells 





100 


Since flow cytometric specimens were not separated 


into glandular and stromal components, a total speci- 
men I, was also derived as follows. A 7 jum section was 
taken from the paratfin-embedded tissue and stained 


with hematoxylin and eosin. This specimen was adja- 


cent to the 60 p.m section used for flow cytometry (see 


following section). This was examined on a Leitz mi- 


croscope at X 200 magnification. The relative propor= ` 
tions of glands and stroma were calculated by counting 
the number of times they were overlaid by the inter- 
sections on an eyepiece graticule. An adjusted value for 
I, that accounted for the proportions of glands and 
stroma in the flow cytometric specimen was calculated 
as follows: 


Pa = Proportion of glands 

P, = Proportion of stroma 

Adjusted specimen I, = Gland Is xX Py + 
Stroma L x Py 
Flow cytometry. Adjacent specimens of endome- 
trium were routinely processed in paraffin and, after 
removal of sections for histology and morphometry, 
examined by flow cytometry according to a modifica- 
tion of the method of Hedley et al? Sixty-micron sec- 
tions from paraffin blocks were cut, transferred to glass 
slides, dewaxed in xylene, rehydrated through graded 
alcohols (100%, 95%, 99%, 70%, and 50%) and washed 
twice in water. The tissue was removed from the slide 
with a scalpel and incubated in 0.9% sodium chloride 
adjusted to pH 1.5 with 2N hydrochloric acid plus 0.5% 
pepsin at 37° C in a water bath for 30 minutes. For 
archival material in which hysterectomy specimens that 
included myometrium were examined, the nonendo- 
metrial portion of the specimen was discarded when 
the ussue was removed from the glass. slide. The cells 
were centrifuged at 2000 g and washed twice. in 
phosphate-buffered saline solution. Cells were stained 
by incubation at 20° C for 30 minutes in RPMI 
1640 tissue culture medium. plus 4’-6'-diamidino-2- 
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Fig. 1. Moderately differentiated endometrial cancer with S-phase nuclei labeled with bromode- 


oxyuridine. 


Fig. 2. Typical DNA histograms of secretory endometrium with low proliferative fraction (top left), 
proliferative endometrium with medium proliferative fraction (top right), moderately differentiated 
carcinoma with high proliferative fraction (bottom left), and aneuploid carcinoma (bottom right). 


phenylindole dihydrochloride | pg/ml. The cells were 
syringed through a 23-gauge needle and filtered 
through 24 layers of gauze to remove debris. 
Samples were analyzed on an EPICS V flow cytom- 
eter. Excitation was by a Coherent Inova-90 5W ultra- 
violet enhanced argon ion laser used at 100 mW and 


a wavelength of 488 nm. Specimens were rejected if 


the median half-peak coefficient of variation of the dip- 
loid peak was > 10%. A minimum of 10,000 nuclei were 
counted. Typical histograms showing the normal dip- 
loid cell population of specimens with low, medium, 
and high proliferative fractions and the DNA aneu- 
ploid histogram of a poorly differentiated carcinoma 
are shown in Fig. 2. Tumors were recorded as aneu- 
ploid. only if two G,/G, peaks could be clearly identi- 


fied.” The DNA index of each DNA aneuploid cell 
population was calculated by measuring its modal chan- 
nel number and dividing this by the modal channel 
number of the first diploid G,/G, peak. 

Cell cycle analysis. Histogram analysis was per- 
formed with a standard program, Para 1. The percent 
S phase and percent G, phase were summed to derive 
the proliferative index since this has been found to yield 
more accurate results when samples demonstrating 
varying percentage coefficients of variation are ana- 
lyzed. Proliferative indices were only calculated for dip- 
loid specimens. 

Statistical analysis. Labeling indices and flow cyto- 
metric proliferative indices are not usually normally 
distributed. Therefore correlations between tests were 
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Fig. 3. Plot of bromodeoxyuridine-labeling indices against flow 
cytometric proliferative indices. 


measured with Spearman’s rank coefficient. Tests of 
the significance of differences between paired samples 
were tested with a Wilcoxon rank-sum test and between 
unpaired samples using a Mann-Whitney U test. Data 
analysis was performed using the Statistical Program 
for the Social Sciences (SPSS*) version 2.2. 


Results 

The adjusted specimen labeling indices plotted 
against the flow cytometric proliferative indices for the 
44 diploid specimens examined by both techniques are 
shown in Fig. 3. Four specimens with adjusted I, values 
of 0 were excluded. There is a significant but weak 
correlation between them (R = 0.36, p < 0.01). Ip val- 
ues tend to be higher than L. This trend is particularly 
marked at low levels of I, when the values are rarely 
<10%. The median, interquartile ranges, and ranges 
of I, for proliferative, secretory, and grouped hyper- 
plastic and carcinomatous specimens are shown in Fig. 
4. The median value for proliferative endometrium was 
14.3%. and for secretory endometrium was 10.3% 
(p = 0.0001), whereas that for hyperplasia was 12.0%, 
which is only slightly lower than proliferative endo- 
metrium (p = 0,02). Carcinomas had a median value 
of 17.8%, which is significantly higher than normal pro- 
liferative (p = 0.002) and hyperplastic endometrium 
(p = 0.0001). The results for the various subtypes of 
hyperplasias and of carcinomas are shown in Fig. 5. 
Although there is considerable overlap, there is a con- 
sistent trend toward higher values of I, being associated 
with more atypical hyperplasias and less differentiated 
carcinomas, The histologic features and DNA indices 
ofthe 13 DNA aneuploid specimens are listed in Table 
IL. Most aneuploid.tumors were well-differentiated car- 
cinomas, but the highest DNA indices occurred in the 
less-differentiated carcinomas. 
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hyperplasia carcinoma 


proliferative secretory 
Fig. 4. Flow cytometric proliferative indices for various en- 
dometrial types. (Medians, interquartile ranges, and ranges.) 


Comment 


Our study has shown by flow cytometry that prolif- 
erative indices in normal endometrium are related to 
the phase of the menstrual cycle and, in malignant en- 
dometrium, to the degree of differentiation. Although 
the correlation with S-phase labeling indices provides 
some confirmation of the validity of the flow cytometric 
measurements, it also demonstrates that flow cytometry 
appears to be a relatively crude method of measuring 
proliferative indices when this cell cycle program is 
used. 

There are several possible causes for the poor cor- 
relation between flow cytometry and S-phase labeling. 
First, although care was taken to correct the L values 
for the proportion of gland and stromal tissue in the 
flow cytometric specimens, it was not always possible to 
exclude myometrial contamination. In normal endo- 
metrium, myometrium was removed from the thick 
tissue sections before analysis by flow cytometry, but 
removal was not always possible in tumor or curettage 
specimens in which myometrium and endometrium 
were intimately mixed. Second, flow cytometric mea- 
surements of proliferative indices rely on the assump- 
tion that cells with a DNA content above an arbitrary 
value are in S phase. Unless the coefficient of variation 
of DNA content is 0, it is inevitable that some G,/G, 
cells at the upper end of the normal distribution will 
be misclassified. Third, there may be some cells with a 
genuine S-phase DNA content that are not actually syn- 
thesizing DNA, the so-called S, cells. These have been 
clearly demonstrated in cell culture" andin mouse ti 
mors.” Such cells are recorded as $ phase on flow cy- 
tometry, but do not take-up the bromodeoxyuridine 
label on culture. We are now investigating whether such 
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Fig. 5. Flow cytometric proliferative indices for the various subtypes of endometrial hyperplasia and 
carcinoma. (Horizontal lines represent median values.) 


a cell population exists in endometrium by dual- 
channel flow cytometry of bromodeoxyuridine-labeled 
tissue. A fourth scurce of error may be that the bro- 
modeoxyuridine-labeling method underestimated the 
number of S-phase cells in some specimens because of 
necrosis, poor oxygenation, or poor penetration of the 
nucleotide in culture. Necrosis did occur in some car- 
cinomas, but we do not believe that it was a major factor 
in our study because all cases with a labeling index of 
0 were excluded from analysis. Finally, the I, value is 
somewhat higher than Is because all G, cells and ap- 
proximately half of cells in mitosis are included as well. 

Similar work has been performed on breast tumors 
by McDivitt et al.'* They compared thymidine-labeling 
indices with flow cytometric S-phase calculations by 


means of the same histogram analysis program (Para ° 


1) and obtained an excellent correlation of R = 0.8 
when collagenase digestion was used but only R = 0.6 
when mechanical dissociation was used. These corre- 
lation coefficients are better than those obtained in our 
study. One explanation may be that McDivitt et al.’ 
performed the flow cytometry on fresh tissue and ob- 
tained lower coefficients of variation. 

There have been a number of studies of flow cyto- 
metry of endometrium, but most have concentrated on 
measurements of ploidy and none have compared pro- 
liferative indices with labeling indices. Two studies have 
shown that normal endometrium is always diploid and 
that mean S-phase fractions are greater in normal pro- 
liferative (9.7%) than secretory endometrium (6.2%)* 
but less than in carcinomas.’ There is only one previous 
report of flow cytometric S-phase fractions in hyper- 


Table II. DNA indices of 13 aneuploid 
endometrial specimens 


Histologic features DNA indices 
Cystic hyperplasia l 1.30 
Architectural atypia 2 1.20, 1.42 
Well-differentiated 7 1.15, 1.16, 1.26, 1.27, 

carcinoma 1.31, 1.42, 1.52 
Moderately differ- 2 1.17, 1.75 

entiated car- 

cinoma 
Poorly differen- l 1.71 


tiated carcinoma 





plasia. In nine cases of cystic hyperplasia, mean 
S-phase fraction was 3.4%, in six cases of “adenoma- 
tous” hyperplasia it was 4.8%, and in five carcino- 
mas, 4.8%. In endometrial carcinomas, S-phase frac- 
tions were greater in poorly differentiated than well- 
differentiated tumors.” ' 

The rate of DNA aneuploidy among endometrial car- 
cinomas in our study (9 of 43) is slightly lower than 
most previous reports that estimate a rate of approxi- 
mately 30%. *7 1° According to two groups, DNA 
aneuploidy was more common among low-grade tu- 
mors,”* but this was not shown in the smaller study by 
Geisinger et al.! DNA aneuploid tumors appear to have 
a worse prognosis than diploid tumors,” and it has 
been claimed that DNA ploidy is a better prognostic 
indicator than tumor grade, depth of invasion, or even 
estrogen receptor concentration.* The finding of one 
aneuploid case of cystic hyperplasia and two of aneu- 
ploid hyperplasia with architectural atypia has not been 
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previously described but may represent cases with an 
increased malignant potential. One preliminary report 
suggested that the proliferative indices in carcinomas 
may also be predictive of a poor prognosis," but this 
has not been confirmed.” 

Therefore it is clear that the rate of DNA aneuploidy 
in endometrial carcinomas is lower than in most other 
nonhematopoietic malignancies in which 50% to 80% 
are DNA aneuploid.’ Like other parameters of endo- 
metrial malignancy, ploidy may be a poor discriminator 
of the majority of well-differentiated good prognosis 
carcinomas, and proliferative indices may be better. It 
remains to be determined whether flow cytometric pro- 
liferative indices or S-phase labeling indices are better 
predictors of tumor behavior, but a major advantage 
of flow cytometric measurements is that they can be 
performed retrospectively on stored tissue and are 
much less time consuming than culture techniques. 


We thank Mrs. C. A. North and Mr. R. Stretton for 
technical assistance. 
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Atrial natriuretic peptide receptors in guinea pig placentas 


Christos G. Hatjis, MD, and David M. Grogan, BA 
Winston-Salem, North Carolina 


The multiple physiologic effects of atrial natriuretic peptide are mediated through specific atrial natriuretic 
peptide plasma membrane receptors. We have attempted to determine whether atrial natriuretic peptide 
receptors are present in guinea pig placentas and subplacentas at approximately 45 and 65 days’ 
gestation. A microsomal plasma fraction was prepared from each component. Atrial natriuretic peptide 
receptors were detected by in vitro radioligand techniques with a-human atrial natriuretic peptide labeled 
with iodine 125. In placentas we identified one set of specific binding sites for atrial natriuretic peptide at 
both gestational ages. Although the maximal concentration of the receptors did not change with advancing 
gestation, the dissociation constant was higher at 65 than at 45 days’ gestation. In subplacentas two sets 
of binding sites were identified, one of low capacity—high affinity and the other of low affinity—high 
capacity. The maximal concentration of the atrial natriuretic peptide receptors did not change as a function 


of gestation. However, the dissociation constant, for both the high- and low-affinity sites, significantly 
decreased with advancing gestation. (Am J OBsteT GynecoL 1989;161:493-6.) 


Key words: Atrial natriuretic peptide receptors, guinea pig placentas, guinea pig 


subplacentas 


Atrial natriuretic peptide (ANP) is a hormone or a 
group of hormones that is secreted by specialized cells 
in atrial myocytes in many species.’ The presumed ac- 
tive peptide in humans is designated a-hANP.’ Al- 
though the exact physiologic or pathologic role of ANP 
has not been elucidated, this peptide has been shown 
to be a potent natriuretic, diuretic, and vasodilatory 
agent.’ The multiple effects of ANP appear to be me- 
diated through specific membrane receptors.’ We and 
others have identified specific receptors for ANP in 
various mammalian organs, including human placen- 
tas.*” There is no information about ANP receptor 
properties in placentas obtained from pregnant guinea 
pigs. Moreover, guinea pig placentation is unique with 
regard to the presence of subplacentas.® In addition to 
their endocrine, respiratory, and nutritional functions, 
guinea pig placentas and subplacentas may be involved 
in fluid and electrolyte homeostasis. If placental ANP 
receptors are present in several species showing dif- 
ferent types of placentation, then one could infer that 
they may be involved in important aspects of placental 
function across species. Thus we have attempted to 
determine whether specific ANP receptors can be de- 
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tected in plasma membranes from placentas and sub- 
placentas of pregnant guinea pigs at 45 and 65 days’ 
gestation. 


Material and methods 


Material. Nonradioactive a-hANP (124-151) was ob- 
tained from Peninsula Laboratories. a-hANP labeled 
with iodine 125 was obtained from Amersham and was 
used fresh on a monthly basis. The other reagents were 
obtained commercially and were of the highest purity 
available. 

Tissue. Primigravid Hartley guinea pigs with time- 
dated gestations were put to death under xylazine and 
ketamine anesthesia at 40 to 45 days’ gestation or at 60 
to 65 days’ gestation (term, 65 days). At hysterectomy, 
placentas and subplacentas were obtained from four 
animals at each gestational age. The tissue was snap- 
frozen in liquid nitrogen and stored at — 70° C. Under 
these conditions no significant loss in ANP receptor 
activity was noted with freezing and storage for up to 
6 months. 

Membrane preparations. Membrane preparation of 
a plasma membrane fraction was done as previously 
described.*” On the day of the assay approximately 2 
to 5 gm of either placenta or subplacenta was allowed 
to thaw in 10 to 20 ml of ice-cold 0.9% sodium chlo- 
ride, 20 mmol/L Tris hydrochloride, 250 mmol/L 
sucrose, 5 mmol/L ethylenediaminetetraacetic acid 
(EDTA), and 0.6 mmol/L phenylmethylsulfonyl fluo- 
ride (PMSF), pH 7.5. All subsequent procedures were 
carried out at 4° C. The tissue was minced with scis- 
sors and subsequently homogenized with a Brinkman 
Polytron blender on setting No. 7, twice, with each cycle 
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Fig. 1. Representative binding curves of "I-a-hANP to guinea 
pig placenta (A) and subplacenta (B) at 65 days’ gestation. 
Each point was determined in triplicate. 


lasting approximately 45 seconds and a 20-second cool- 
ing period between homogenizations. This crude ho- 
mogenate was then centrifuged at 600 g for 15 minutes. 
The resultant pellet was discarded and the supernatant 
was centrifuged at 12,000 g for 30 minutes. The su- 
pernatant of the above was centrifuged at 40,000 g for 
40 minutes and the pellet was resuspended in 50 
mmol/L potassium phosphate (pH 7.5, 2 mmol/L 
EDTA and 0.6 mmol/L PMSF) on the Brinkman 
Polytron blender at setting No. 7 for 15 seconds. This 
suspension was then centrifuged at 40,000 g for 40 
minutes twice and the final pellet was resuspended in 
the incubation buffer of 50 mmol/L potassium phos- 
phate, 2 mmol/L EDTA, 0.6 mmol/L PMSF, 0.1% bac- 
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Table I. Binding characteristics of ANP 
receptor in guinea piz placentas 











Gestational age Ka (amol/L) Bux (nmol LI mg protein) 
45 days 0.133 + 0.012* 1.770 + 0.249 
e 0.288 + 0.056* 2.470 + 0.394 
(n= 4) 
*) = 0.035, 


n, Number of animals studied. 


itracin, and | pmol/L aprotinin (pH 7.5) in a volume 
that gave a final concentration of 11 to 23 wg per tube. 

ANP receptor assay. Placental and subplacental 
plasma membranes were incubated at 25° C for 45 min- 
utes in the presence of '*I-ANP with or without un- ` 
labeled a-hANP. Preliminary experiments had shown 
that ANP binding to placental membranes achieved 
equilibrium by 20 minutes of incubation and was stable 
for at least 90 minuzes. '°J-ANP was present at con- 
centration of 10 to 15 pmol/L. Unlabeled a-hANP was 
present in concentrations ranging from 107" to 1077 
mol/L. The latter concentration (1077 mol/L) was des- 
ignated as nonspecific binding. a-hANP was diluted in 
0.1% acetic acid and 0.2% bovine serum albumin. Poly- 
propylene tubes were used throughout. The total vol- 
ume of incubation was 250 pl. 

At the end of incubation, 4 to 5 ml of incubation 
buffer without the zdditives was used to stop the re- 
action. The tubes were decanted into pressure mani- 
folds containing GF/C (Whatman) filters presoaked in 
1% polyethylenimine and 1% bovine serum albumin. 
These filters were then washed in 15 ml of buffer, 
dried, and counted in a -counter (Packard Auto 
Gamma, efficiency 80%). 

We used a competitive binding assay of displacement 
of '*I-a-hANP by a-hANP to arrive at Scatchard plots.® 
These were then analyzed by LIGAND.” The disso- 
ciation constants, Ky. and maximum binding capacities, 
Bax, were calculated for each one of the curves. The 
results are expressed as mean + SEM. The amount of 
protein in the assay was determined by the method of 
Bradford,!! with bevine serum albumin used as the 


_ standard. 


The parameters of interest, (Ka and Bmax), were com- 
pared by two-tailed ¢ test. A p < 0.05 was considered 
as significant. 


Resuits 

Fig. 1 shows representative binding curves for pla- 
cental (A) and subplacental (B) ANP receptors of an 
animal at 65 days’ gestation. Simuar results were ob- 
tained in the other animals studied. We detected ANP 
receptors in the microsomal fraction in all cases. The 
binding was specific, saturable, and was inhibited by 
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Table II. Binding characteristics* of ANP receptors in guinea pig subplacentas 














Gestational age Kuy (pmol/L) 





86.97 + 8.86+ 






Kı (nmol/L) 







Ru 
(pmol! Li mg 
protein) 


R, 
(nmol/L/ mg 
protein) 









45 days 6.14 + 3.784 15.90 + 5.10 0.094 + 0.032 
(n = 3) 

65 days 21.23 + 4.10 0.56 + 0.28 27.95 + 24.48 0.228 + 0.200 
{n = 3) ; 





Statistical analysis for Ry and R, was performed after log transformation. n, Number of animals studied. 
*K, and Ry, Ka and Bmax for high-affinity site. K; and Ry, Ka and Bmx for low-affinity site. 


tp = 0.004. 
tp = 0.0408. 


increasing the concentration of unlabeled a-hANP. 
Note that in the placental component one set of bind- 
ing sites is seen as opposed to the subplacental fraction, 
which demonstrates two sets of receptors for a-hANP. 
Table I shows the calculated Ka and Bmax from replicate 
experiments in guinea pig placental tissues at 45 and 
65 days’ gestation. In all cases there appears to be one 
set of receptors for a-hANP that shows a uniform high 
affinity and low capacity. Statistically, the best curve fit 
is obtained when one set of ANP binding sites is pos- 
tulated to be present. Of interest is the observation that 
the Ka increases with advancing gestation, suggesting 
a decrease in the affinity of the placental ANP receptor 
for a-hANP. 

Table II shows the calculated Ka and Bmax from rep- 
licate experiments in guinea pig subplacentas. In all 
cases there appear to be two sets of receptors for a- 
hANP that show high-affinity/low-capacity and low- 
affinity/high-capacity binding characteristics, respec- 
tively. Statistically, the best curve fit is obtained when 
two sets of binding sites are postulated to be present. 
Although the Bma: for either the high- or low-affinity 


site does not change with advancing gestation, in con- 


trast to the observations with placental tissue, Ka for 
the high- and low-affinity binding sites decreased from 
45 to 65 days’ gestation, suggesting an increase in the 
affinity of the subplacental ANP receptor to a-hANP. 


Comment 


This is the first instance where ANP receptors have 
been reported in guinea pig placentas and subplacen- 
tas. These observations extend our previous results 
concerning human placentas’ and sheep cotyledons.” 
These results strongly suggest that placental ANP re- 
ceptors are found in species with different types of 
placentation (from both the functional and the mor- 
phologic standpoint). 

Similar to the situation in human placentas,’ ’ one 
set of binding sites is found in guinea pig placentas. 
Although we do not have any information regarding 
the ontogenesis of ANP binding sites in human pla- 
centas with advancing gestation, in pregnant guinea 


pigs there appears to be a decrease in the affinity of 
the placental ANP receptor from 45 to 65 days’ 
gestation. However, it should be noted that these 
studies were conducted at only two time points— 
midpregnancy (45 days) and term (65 days). Finally, 
whether this change represents a primary effect or is 
secondary to an increase in circulating ANP concen- 
trations is not known, 

Pregnant guinea pigs are the only mammals that 
show a subplacental structure.” The latter has been 
thought to be involved in fluid and electrolyte homeo- 
stasis. Interestingly, ANP receptors are present in the 
microsomal fraction from subplacentas. In contrast to 
the situation in the placental ANP receptors, two sets 
of binding sites are observed. Although the maximal 
concentration of these binding sites is unchanged as a 
function of gestation, there is an increase in the affinity 


` of these binding sites for &-hANP from 45 to 65 days’ 


gestation. We doubt that the presence of these two sets 
of binding sites reflects the use of a probe that was 
developed from human material, since only one set of 
binding sites was seen in guinea pig placentas. ANP 
receptor heterogeneity has been previously reported in 
other tissues and species.’ Thus a plausible explanation 
might be that the presence of two sets of binding sites 
reflects actual functional receptor subpopulations in 
guinea pig subplacentas. 

The change in placental and subplacental ANP re- 
ceptors from 45 to 65 days’ gestation in pregnant 
guinea pigs could be a primary effect or could be sec- 
ondary to changes in circulating ANP concentrations 
in the maternal and fetal compartments. However, very 
little is known about circulating levels of ANP in preg- 
nant or nonpregnant guinea pigs. Further purification 
of the placental and subplacental ANP receptors will 
be necessary to rule out the contribution of an intrinsic 
change in ANP receptors. This work represents the 
necessary first step toward the latter goal. 

The presence of ANP receptors in placental and sub- 
placental plasma membrane fractions is interesting in 
that it suggests that ANP may have significant effects 
on placental hemodynamics, fluid shifts, and electrolyte 
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transport, as well as endocrine function. There is a 
paucity of in vitro or in vivo exper iments to support 
this hypothesis. However, in a preliminary report 
in human placentas, ANP appears to. modulate sex 
steroid: production.” Further experiments need to 
be performed to define the functional implications 
of ANP receptors , in guinea pig placentas and sub- 
placentas. 
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Attempted suicide and pregnancy 


To the Editors: 

` It was interesting to read the article written by 
D. Lester and A. T. Beck (Attempted suicide and preg- 
nancy. AM J OBSTET GYNECOL 1988;158:1084-5) with 
regard to 15 consecutive pregnant women because we 
have had experience with >500 cases in Hungary. 
There is only one hospital for the provision of health 
care to chemically poisoned adult inhabitants of Bu- 
dapest and the surrounding area, which involves 3 mil- 
lion people. The number of hospitalized cases of poi- 
soning is about 10,000 annually. More than 90% of the 
cases involve self-poisoning (i.e. suicide attempts). 
There is an obvious preponderance of women and 
among them are pregnant women. Our purpose was 
to find a human experimental epidemiologic model for 
the study of teratogenicity of high doses of drugs and 
other chemicals.' 

The first project consisted of 209 poisoned preg- 
nant women who were hospitalized between 1960 and 
1979.** Of these 37% were unmarried. The main rea- 
sons of suicide attempts were as follows: familial trou- 
bles that mainly involved the potential loss of a lover 
(78%), economic crisis (9%), unwanted pregnancy or a 
desire for abortion (13%). Higher rates of stillbirths, 
mental retardation, and behavioral deviation and a 
lower mean birth weight as a result of fetal growth 
retardation were found in the offspring. However, an 
increased occurrence of spontaneous abortions, con- 
genital abnormalities, and infant deaths was not de- 
tected. 

In the second project the behavioral development of 
offspring and their sibs in 176 self-poisoned pregnant 
women hospitalized in 1980 to 1984 was studied. The 
aim of this approach was to separate the familial- 
maternal sociocultural effect in postnatal life and the 


biologic-teratologic effect of self-poisoning in prenatal, 


life.* 

Since 1985 a very sensitive pregnancy zest has. been 
performed in the third project in all poisoned women 
from ages ‘14 to 50 years. The annual total numbers of 
self-poisoned pregnant women ranged from 76 to 102 
in 1985 to 1987. These pregnancies and offspring de- 
velopment are being followed-up. Most of the suicide 
attempts occurred at the earliest inapparent phase of 
pregnancy. The incidence of so-called chemical pregnan- 
cies is significantly higher‘ and the rates of chromosome 
breakages and sister chromatid exchanges in seb- 
poisoned pregnant women were significantly lower 
than in nonpregnant self-poisoned women.? It indicates 
some protective effect of pregnancy concerning mu- 
tagenic factors. 

The purpose of this letter is to give some information 


about these studies and to call for collaboration in the 
evaluation of the data base. 
Andrew Czeizel, MD 
Agnes Lendvay, PhD 
Department of Human Genetics and Teratology 
National Institute of Hygiene 
World Health Organization Collaborating Centre for the 
Community Control of Hereditary Diseases 
Budapest, Hungary 1966 Gydli ut 2-6 
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Sperm antibodies and infertility 


To the Editors: 

The excellent report by Witkin and David (Effects of 
sperm antibodies on pregnancy outcome in a subfertile 
population. AM J OBSTET GYNECOL 1988;158:59-62) 
deserves high praise for giving emphasis to the signif- 
icance of sperm antibody in relation to infertility. They 
have also, quite correctly, urged gynecologists to give 
more consideration to this possible etiologic factor. I 
would add to their arguments the concept that the oc- 
casional occurrence of pregnancy despite the presence 
of sperm antibody is no more’an argument against the 
antibody’s significance thari is the occasional pregnancy 
that occurs despite mild endometriosis or moderate oli- 
gospermia, or other such conditions. These are still the 
exceptions, not the rule. As the authors say, further- 
more, these pregnancies usually are quite delayed, 
hence, do not represent normal fertility. 

lam gratified that they found a significant difference 
in the incidence of sperm antibody in women who are 
infertile (838%) and those who are fertile (12%). If we 
subtract one value from thé other, we obtain 26%, 
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which could be taken as their infertile value if the “back- 
ground” fertile value were zero. They made use of an 
- enzyme-linked immunosorbent assay (ELISA) to detect 
this antibody. In our work with sperm agglutination, 
we reported in 1975 an incidence of 18% in infertile 
women, and we found 1% or 2% in the fertile group.’ 
The moderate degree of difference may be because of 
the difference in methods, but also, the rather small 
number of samples that they studied (as they point out). 

However, we do have a disagreement concerning the 
study of men. Witkin and David found no distinction 
between infertile and fertile groups, whereas we found 
a 9% incidence among the infertile men and a <1% 
incidence in the fertile group.' Others have found the 
same value, namely, 8% to 10%, as was recently re- 
viewed.” There may need to be more studies on the 
ELISA technique itself. These authors have used the 
individual sperm from the patient or the patient’s part- 
ner as the target antigen; other workers have used pools 
of sperm—not only pooled but unrelated to the pa- 
tients.” * 

The authors put great emphasis on the desirability 
of the use of “purified, living, and motile spermatozoa.” 
However, in the ELISA procedure, they are certainly 
dead sperm, in contrast (we may point out) to those in 
sperm agglutination assays in which the sperm cells are 
living and motile (even if not purified) during the pro- 
cedure. I suppose that they mean that their test sperm 
had been “purified, living, and motile.” However, this 
does raise a question. Did they also use sperm prepa- 
rations that had not been purified (as by their swim-up 
procedure), to compare the results of at least some of 
their sera? In fact, did they also try to use completely 
immotile sperm? It would be interesting to know how 
much change in ELISA results this would cause. 

As a different point, their finding that sperm anti- 
bodies have an association with miscarriage is very in- 
teresting and provocative. Here they would have some 
support from the similar conclusions reported by Haas 
et al. 

Finally, their comments with regard to prednisone 
treatment would seem to suggest some degree of suc- 


cess for this treatment. Our study with methylprednis-. 


olone did show a very good success rate,’ as did also 
the work of Hargreave.’ I would welcome more details 
eventually on the outcome of their steroid medication 
efforts. 

Sidney Shulman, PhD 
Sperm Antibody Laboratory 
Fertility Antibody Diagnostics, Inc. 
945 West End Avenue 
New York, NY 10025 
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Reply 


. To the Editors: 


Sperm antibody testing of infertile couples will gain 
acceptance among clinicians only when physicians can 
be assured that the analysis measures antibodies that 
are relevant to infertility. It is because of this that assays 
that directly measure immunoglobulin reactivity with 
living, motile sperm (Immunobead binding,' mixed an- 
tiglobulin reaction,” radioimmunoassay,’ and enzyme- 


. linked immunosorbent assay or ELISA’) are rapidly 


replacing assays that measure a secondary consequence 
of antibodies (sperm agglutination and immobiliza- 


_, tion). Inasmuch as antibodies that neither agglutinate 
" nor immobilize sperm can nevertheless interfere with 


fertility," and agglutination of sperm can occur in the 


` absence of antisperm antibodies,’ reliance on these lat- 


ter two assays will yield a significant number of false- 
positive and false-negative results. 

Our article presented data suggesting that only an- 
tibodies on the surface of ejaculated sperm, and not 
antisperm antibodies present in a man’s serum, cor- 
related with infertility.“ Other studies have demon- 
strated a lack of correlation between antisperm anti- 


** bodies in serum and in semen.°* Naturally, if circulating 
`. antibodies never come into contact with sperm they can 
- have no effect on fertility. Therefore the direct analysis 


for antibodies on the sperm surface appears to be the 
preferred procedure to detect relevant antibodies in 


< men, 


A purified population of living motile sperm were 


“: reacted with patients’ sera in our assay. Fixation of 
«i sperm to wells of a microtiter plate was performed after 


their incubation with serum. As shown previously, the 


| ELISA assay correlates with the Immunobead assay 


only when the ELISA employs purified and motile 
sperm free in solution.® 

The issues of treatment for immunologic infertility 
can be addressed only after vaid antisperm antibody 
detection assays are performed. If the antisperm an- 
tibodies that are detected are not relevant to infertility, 
then any treatment will be ineffective. 

Steven S. Witkin, PhD 

Immunology Division 
Department of Obstetrics and Gynecology 
Cornell University Medical College 
New York, NY 10021 
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Vaginosonographic examination— 
Routine procedure? 


To the Editors: 

The article by Bernaschek et al. (Bernaschek G, 
Rudelstorfer R, Csaicsich P. Vaginal sonography ver- 
sus serum human chorionic gonadotropin in early 
detection of pregnancy. AM J OBSTET GYNECOL 1988; 
158:608-12) refers to the use of a vaginal transducer 
to diagnose pregnancy as early as 4 weeks and 2 days 
and for early diagnosis of ectopic pregnancy. The au- 
thors suggest repeating the scan within 2 days if the 
initial study is equivocal. Unfortunately, they make nq 
unequivocal reference to a need for patient selection. 
In view of their emphasis on the suitability of vaginal 
scanning as an office procedure, it could be interpreted 
as suggesting that this is a reasonable means of routine 
diagnosis of pregnancy. It is totally inappropriate to 
publish such an article without any cautionary comment 
with regard to the safety of ultrasonography. 

Margaret E. Furness, FRACR, DDU 
Director of Radiology 
Queen Victoria Hospital 
Rose Park, South Australia 5067 


Reply 
To the Editors: 

The allegations center on three issues: (1) safety of 
ultrasound; (2) need for patient selection for repeat 
scans; and (3) reasonable means of routine diagnosis 
of pregnancy. 

1. The energy output of this modern vaginal ultra- 
sonographic transducer is well beyond the safety mar- 
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gins of the American Institute of Ultrasound in Med- 
icine (i.e., considerably <100 mW/cm?). The recom- 
mendations of the World Federation of Ultrasound in 
Medicine and Biology are not based on scientific evi- 
dence that ultrasound delivered clinically is deleterious, 
but rather on the realization that scientific evidence is 
inconclusive. To date, studies with negative results pre- 
dominate. Nevertheless, exposures should be as short 
as possible and administered by qualified personnel.' 

2. An indication for a repeat scan after 2 days is only 
suggested when no intrauterine gestational sac has been 
seen in connection with a positive pregnancy test (<750 
mIU/ml) and the absence of any clinical evidence of 
spontaneous abortion. 

3. In consideration of the very low energy output 
and the great value of a definite identification of an 
intrauterine pregnancy, we believe that vaginal ultra- 
sonography is a new means for routine diagnosis of 
early pregnancy. There are patients for whom the very 
early diagnosis of an intrauterine pregnancy is of great 
value (e.g., patients with first-trimester bleeding or with 
a history of ectopic pregnancy, pelvic inflammatory dis- 
ease, or tubal surgery or after in vitro fertilization).? 

Finally, years ago the monitoring of follicles was in- 
troduced into fertility praxis with the same equipment 
without any reported hazard to the oocytes. 

. Gerhard Bernaschek, MD 
Rudolf Rudelstorfer, MD 

Second Universitéts-Frauenklinik 

Spitalgasse 23 

A-1090 Vienna, Austria 
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Nerve entrapment after Pfannenstiel incision 


To the Editors: 

I was surprised to read the conclusion made by Sippo 
etal. (Nerve entrapment after Pfannenstiel incision. AM 
J OBSTET GyNECOL 1987;157:420-1) that entrapment 
of the iliohypogastric nerve is a common complication 
of the Pfannenstiel incision. Because the authors have 
not reported the total number of patients who had 
undergone a Pfannenstiel incision, the prevalence rate 
of nerve entrapment after Pfannenstiel incision in their 
patients cannot be calculated. Thus, their statement 
that “entrapment of the iliohypogastric neve is a com- 
mon complication of the Pfannenstiel incision” might 
be a result of their beliefs rather than a conclusion 
based on statistical calculations. 

We perform each year at the Soroka Medical Center 
in Beer-Sheva, Israel, some 700 laparotomies by the 
Pfannenstiel incision and have never encountered such 
a complication. However, I must admit that we have 
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not actively sought this complication in our patients. 
Nevertheless, I agree with the authors’ recommenda- 
tions that the Pfannenstiel incision should be extended 
through the external oblique aponeurosis only and 
should not involve incision of the internal oblique mus- 
cle, and that widely placed corner sutures should be 
avoided in the closure of the anterior fascia. 

Benjamin Piura, MD, MRCOG 
Division of Obstetrics and Gynecology 
Soroka Medical Center 
P.O. Box 151 
Beer-Sheva 84101, Israel 


Reply 
To the Editors: 

As you have pointed out, the true incidence of nerve 
entrapment after Pfannenstiel incision is not known, 
nor can it be estimated by our preliminary work. How- 
ever, the fact that nine cases were identified within a 
16-month period suggests that this entity is prevalent 
and could more commonly be identified if physicians 
who perform large numbers of Pfannenstiel incisions 
actively sought a history of its symptoms in their post- 
operative patients. 

Why we were first to describe this entity, only fate 
can explain. But since the publication of this article we 
have received correspondence from physicians and pa- 
tients who suggest that this syndrome is real and uni- 
versal. 

Our investigation arose from the serendipitous rec- 
ognition that the hysterectomized women who have 
what our gynecology colleagues had termed a “psycho- 
somatic post hysterectomy syndrome,” in fact had com- 
plaints that closely resembled the symptoms of the 
nerve entrapment seen after inguinal herniorrhaphy. 
Until we looked closer at these patients who had been 
within our midst all along, the true organic source 
of their symptoms had remained unrecognized and 
misdiagnosed as psychosomatic. This phenomenon 
may be compared with mitral valve prolapse, which, 
although unheard of even 20 years ago, is now rec- 
ognized to be present in 10% to 15% of the population 
because it has been described and is actively sought 
on examination. i 

Itis large centers like yours that do a significant nym- 
ber of procedures with Pfannenstiel incision that will 
show us how prevalent this nerve entrapment syn- 
drome really is, but only if the residents and staff ear- 
nestly consider nerve entrapment and look for it. 

Another factor that may be deceptive as to the actual 
extent of this problem is that the patients who have 
symptoms remote from the time of surgery may consult 
their primary care physician first and not their gyne- 
cologist or surgeon. In our article (Sippo WC, Burg- 
hardt A, Gomez AC. Nerve entrapment syndromes 
from lower abdominal surgery. Fam Pract 1987;25: 
585-7) we emphasized this point with the hope that 
primary care physicians might consider nerve entrap- 
ment as a possible source of lower abdominal pain in 
patients with a history of surgery. 

Perhaps the most important lesson we can learn from 
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this matter is what my Mentor urged us to do as resi- 

dents: “Believe what the patient tells you and assume 

it to be so, for the patient has no reason to lie. You may 

be surprised at what you find if you look hard enough.” 
William C. Sippo, MD 

Major, Medical Corps 

Keller Army Hospital 

West Poini, NY 10996 


Unexplained elevated maternal 
serum a-fetoprotein level associated with 
third-trimester problems 


To the Editors: ; 

I would like to raise a question with regard to a per- 
sonally observed association between unexplained el- 
evated maternal serum a-fetoprotein level and third- 
trimester high-risk pregnancy problems. 

In following up delivery outcomes of patients in 
whom I performed genetic amniocentesis in my Ma- 
ternal Serum a-Fetoprotein Program Follow-up Center, 
which is approved by the California State Health De- 
partment, I have observed problems in the third tri- 
mester: (1) premature separation of the placenta, (2) 
toxemia, (3) premature labor, and (4) unexplained still- 
birth. 

If this is more than just a personal experience, should 
not maternal serum a-fetoprotein pregnancy screening 
be indicated not only as a screening test for neural tube 
and other defects such as chromosomal disorder (Down 
syndrome) but also as a predictor for potential third- 
trimester high-risk problems? 

The issue is not only one of concern for professional 
liability but also potentially one of compliance. It may 
be easier to obtain compliance for maternal serum a- 
fetoprotein screening if the presentation to the patient 
for justification is not just screening for birth defects, 
which has a connotation of being associated with pro 
choice and the subsequent implications for termination 
of pregnancy. The possibility of premature labor might 
permit obstetricians to recommend the test in patients 
who have had previous premature labor, toxemia, 
unexplained stillbirth, premature separation of the pla- 
centa, and intrauterine growth retardation, and focus 
on that as the primary Justification for the test. 

The next problem that would surface is what to do 
and what to recommend if the patient has an unex- 
plained elevated maternal serum a-fetoprotein value. 
Would genetic amniocentesis automatically be neces- 
sary if the fetal ultrasonogram did not reveal a neural 
tube or other related defect?! 

John D. Stephens, MD 
Medical Director 
California Prenatal Diagnosis Institute 
1390 S. Winchester Blvd. 
San Jose, CA 95128 
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Neurofibromatosis and pregnancy 


To the Editors: 

We congratulate Dr. Blickstein et al. on their detailed 
review (The obstetric perspective of neurofibromatosis. 
AM J OBSTET GYNECOL 1988;158:385-9) in which they 
consider the obstetric problems involved with neuro- 
fibromatosis. However, we believe that two problems 
should receive more attention. 

The authors pointed out that the incidence of non- 
toxemic hypertension is in conflict. To differentiate be- 
tween primary arterial hypertension, renal hyperten- 
sion (renal arterial stenosis), pheochromocytoma (par- 
oxysmal hypertonic crises), hypertension because of 
hyperthyroidism, and hypertension as a symptom of 
preeclamsia, the following laboratory tests should be 
performed routinely: plasma renin, 24-hr urine cate- 
cholamines, vanillylmandelic acid, homovanillic acid, 
aldosteron, angiotensin, triiodothyronine and thyrox- 
ine. Additionally, we recommend ultrasonography of 
the heart and the kidneys for these high-risk pregnant 
patients. 

We agree with the authors that even in these women 
vaginal delivery should be attempted. Because of hy- 
pertension, continuous peridural analgesia should be 
performed analogous to preeclamptic patients.’ * 
However, if there is any intraspinal lesion (e.g., menin- 
gioma), indication for continuous peridural analgesia 
may not be given. If cesarean section is required, 
anesthesia should be primarily focused on the patient’s 
hypertension. Therefore specific interactions of peri- 
operatively administered antihypertensive drugs, an- 
esthetics, and narcotics must be emphasized. Hy- 
persensitivity of these patients to muscle relaxation 
agents must be considered to schedule postoperative 
care? 

G. Milterschiffthaler, MD 
Department of Anesthesiology and General Intensive Medicine 
L. C. Fuith, MD 

Department of Gynecology and Obstetrics 


University of Innsbruck 
AnichstraBe 35 
A-6020 Innsbruck, Austria 
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Reply 
To the Editors: 

We thank Drs. Mitterschiffthaler and Fuith of Aus- 
tria for their informative comment. We agree that their 
recommendations for laboratory and ultrasonographic 
tests may help in the differential diagnosis of the con- 
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_ flicting problem of nontoxemic hypertension in preg- 


nant patients with neurofibromatosis. 

Because the literature is scant that considers labor of 
patients with neurofibromatosis, one must rely on one’s 
own clinical judgment. We therefore welcome the sug- 
gestion of continuous peridural analgesia in hyperten- 
sive neurofibromatosis parturients. Continuous peri- 
dural analgesia, however, may be found to be techni- 
cally difficult to perform in cases complicated by 
scoliosis. 

After the publication of our review, we propose a 
worldwide study of the reproductive performance of 
as many patients with neurofibromatosis as possible. 
Perhaps we could take this opportunity to invite our 
colleagues to participate in this project. 

Isaac Blickstein, MD 
Department of Obstetrics and Gynecology 
Kaplan Hospital 
76100 Rehovot, Israel 


Isolation of human immunodeficiency virus 
from the placenta or from maternal blood 
contaminating the placenta? 


To the Editors: 

The title of the case report by Drs. Hill, Bolton, and 
Carlson (Isolation of acquired immunodeficiency syn- 
drome virus from the placenta. AM J OBSTET GYNECOL 
1987;157:10-1) seems misleading. 

Although the authors pointed out that “The positive 
viral culture of the placenta was probably a result of 
the patient’s positive blood culture,” they nevertheless 
claim that they isolated the virus from placental tissue. 
The figure that shows a human T-lymphocyte with ex- 
tra cellular human immunodeficiency virus simply sug- 
gests that the human immunodeficiency virus is in 
proximity to a lymphocyte. This does not support the 
contention that the virus had infected placental tissue. 
Both the lymphocyte and the alleged virions were quite 
likely from maternal blood. 

The authors also might have emphasized that ma- 
ternal antibodies pass to the fetus as immunoglobu- 
lin; thus the fetus has positive serologic test results 
whether they screen with tests that are simple, cheap, 
and sensitive (enzyme-linked immunosorbent assay) or 
complex, expensive, and specific (Western blot). Thus 
we expect seropositivity inneonates with waning titers 
over time. A waxing titer would suggest neonatal in- 
fection, now anticipated in 50% of children born to 
infected women. In future reports it would be impor- 
tant to state whether the neonatal serologic tests are 
performed at birth or at intervals of 6 months or later 
to assist the reader in knowing whether the positive test 
results may be because of passive maternal antibody 
transfer. 

The authors do not indicate whether they made 
any attempt to remove maternal blood from the pla- 
centa. (We are not aware of any technique in which 
this could be accomplished completely.) Therefore 
their conclusion that the positive test results were 
probably caused by maternal blood seems to be correct. 
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In this case the report would have been better titled 
“Maternal blood contaminates placenta and makes 
this organ infectious for whatever agents maternal 
blood may contain.” 
Jeffrey S. Greenspoon, MD 
Robert Hurd Settlage, MD, MPH 
Department of Obstetrics and Gynecology 
Los Angeles County! University of Southern California 
Medical Center 
Women’s Hospital 
Room 5-K-40, 
1240 N. Mission Road 
Los Angeles, CA 90033 
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Reply 
To the Editors: 

We appreciate the comments of Dr. Greenspoon with 
regard to our case report of the “Isolation of acquired 
immunodeficiency syndrome virus from the placenta.” 
Dr. Greenspoon makes several valid points. However, 
the human immunodeficiency virus (HIV) was isolated 
from the placenta of this patient. ‘Therefore, the case 
report was titled “Isolation of acquired immunodefi- 
ciency syndrome virus from the placenta.” As we 
pointed out in our report, this was probably a result of 
the patient’s positive HIV status. Because the maternal 
HIV antibodies are immunoglobulin G, they do always 
pass to the fetus. Therefore our neonate will initially 
have positive serologic test results. Over time, which 
appears to be 9 to 15 months, the titers may wane. 

As pointed out by Dr. Greenspoon, in approximately 
50% of children born to HIV-positive women, the neo- 
nate will have an HIV infection. The test performed 
in our neonate was at birth and was therefore positive. 
The infant showed no HIV antibodies at 8 months of 
age. Unfortunately, both parents have died from ac- 
quired immunodeficiency syndrome. The infant is nów 
asymptomatic and 3 years old. The serologic status is 
HIV negative. 

There was an attempt to remove maternal blood 
from the placenta; however, as Dr. Greenspoon indi- 
cated, this cannot be accomplished completely. Finally, 
it is important to remember that maternal blood does 
contaminate the placenta and makes this organ infec- 
tious for whatever agents maternal blood may contain. 
This includes HIV, hepatitis, or other infectious agents. 
As health care providers we should remember this fact 
and properly dispose of the placenta. 

Washington C. Hill, MD 
James R. Carlson, PhD 
Veronica Bolton 
Department of Obstetrics and Gynecology 
Creighton University School of Medicine 
601 N. 30th St., Suite 4810 
Omaha, NE 68131 
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Race and gender factors omitted from results 


To the Editors: 

I read with interest the article by Goldstein et al. 
(Goldstein I, Lockwood C, Belanger K, Hobbins J. Ul- 
trasonographic assessment of gestational age with the 
distal femoral and proximal tibial ossification centers 
in the third trimester. AM J OBsTET GYNECOL 1988; 
158:127-30). 

After the development of x-ray film, Pozier (1912)! 
and Adair and Scammon (1921)? studied the osseous 
development of the knee joint in newborn infants. 
From these studies it was determined that the distal 
femoral epiphysis usually did not appear until after the 
seventh lunar month, was present in 50% of the fetuses 
at 32 weeks’ gestation, 84% at 36 weeks’ gestation, and 
95% at 40 weeks’ gestation. The proximal tibial epiph- 
ysis appeared in the ninth lunar month and was present 
in 41% of the infants at 40 weeks’ gestation. 

In 1949 Christie,’ who studied 1112 single born neo- 
nates, noted that the presence of the distal femoral 
epiphysis was correlated with birth weight, sex, and 
race. If the fetus was <2000 gm, distal femoral 
epiphyses were present in 9% of white males, 18% of 
black males, and 50% of white or black females. Be- 
tween the weights of 2000 gm and 2499 gm, 75% of 
white males, 89% of black males, 92% of white females, 
and 94% of black females had distal femoral epiphyses 
present. If >3000 gm, 85% of white males, 91% of black 
males, 98% of white females, and 99% of black females 
had distal femoral epiphyses present. 

Classical teaching stresses that there is greater ma- 
turity of female infants as compared with male infants, 
and of black infants as compared with white infants of 
equal weights. 

It would appear that the results from the study by 
Goldstein and his co-workers would be more meaning- 
ful if the sex and race of the fetuses they studied were 
given. If there were no differences, this should be 
stated. 

Rudi Ansbacher, MD, MS 
Professor of Obstetrics and Gynecology 
Department of Obstetrics and Gynecology 
University of Michigan Medical Center 
Ann Arbor, MI 48109-0718 
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Reply 
To the Editors: 

My colleagues and I are grateful to Professor Ans- 
bacher for his insightful comments on our study of the 
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appearance of the ossification centers during the third 
trimester. He is, of course, correct when he points out 
that traditionally there appear to be gender and race 
differences in fetal development. However, such find- 
ings were based on examinations by use of x-ray film. 
As the correspondent’s references indicate, these ex- 
aminations were of newborns. , 

Our methodology, on the other hand, was based on 
the use of high-resolution ultrasonographic technology 
and antepartum measurements. We attempted to de- 
termine fetal maturity on the basis of nonbiometric 
measurements. Previous investigators found no differ- 
entiation by race in the appearance of the proximal 
tibial and distal femoral ossification centers.' The pur- 
pose of our study was to measure the distal femoral 
and the proximal tibial ossification centers in the axial 
plane (medial lateral to the epiphysis) to maximize pre- 
cision and minimize observer variation. 

In addition to the ossification centers, there are other 
parameters that are indicative of fetal maturity. For 
example, echogenicity of the colon and peristalsis of 
the small intestine are useful in the prediction of ges- 
tational age.” Characterization of the nonbiometric 
measurement can improve the estimation of gestational 
age during the third trimester and it is advisable to use 
such assessments for clinical purposes. 

Israel Goldstein, MD 
Yale University School of Medicine 
333 Cedar St. 
" P. O. Box 3333 
New Haven, CT 06510 
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Candida warrants concern 


To the Editors: 

I would like to make a couple of comments concern- 
ing an article by Smith et al. (Intraamniotic infection 
with Candida albicans associated with a retained intra- 
uterine contraceptive device: A case report. AM J OB- 
STET GYNECOL 1988;159:123-4). Their case report rep- 
resents the usual reaction by clinicians who perform 
amniocentesis and find supposedly low virulence or- 
ganisms that were unexpected. Our natural bias is that 
these organisms cannot be pathogenic and we tend to 
minimize their significance. This case, in which Candida 
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was discovered at genetic amniocentesis, is an extension 
of data published by Bruner et al.' in which six cases 
of Candida chorioamnionitis diagnosed by amniocen- 
tesis were published. 

Candida infection in those patients (three of six) was 
associated with an intrauterine contraceptive device as 
was the patient in the Smith et al. case report. Candida 
certainly is capable of crossing intact fetal membranes 
and causing intrauterine infection with potentially cat- 
astrophic consequences for the neonate. This case ex- 
tends the data that we reported and confirms that Can- 
dida albicans can cause significant intrauterine infection 
and that perhaps a foreign body such as a retained 
intrauterine contraceptive device or cerclage may be 
key to the pathogenesis of this infection. 

It is important for clinicians to realize that if Candida 
is discovered at the time of amniocentesis this repre- 
sents a significant isolate and should be treated with 
the same concern that would be given to a bacterial 
isolate from amniotic fluid, either in early gestation or 
at the time of fetal viability. 

John P. Elliot, MD 
Associate Director, Maternal-Fetal Medicine 
Good Samaritan Medical Center 
1111 E. McDowell Road 
Phoenix, AZ 85006 
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Reply 
To the Editors: 

We greatly appreciate Dr. Elliott’s interest in our case 
report and respond to his comments. At the time of 
our case report we were unaware of his and Dr. Brun- 
er’s extensive experience with Candida chorioamnion- 
itis. After review of our case report and the expanding 
experience with this particular diagnosis we would 
agree that the appearance of Candida albicans on an 
amniocentesis specimen should be viewed with the 
same concern as any other bacterial isolate. It is our 
hope that this case report will inform clinicians of the 
rare but potentially serious complications associated 
with intrauterine contraceptive device and pregnancy 
outcome. 

Carl V. Smith, MD 
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
University of Nebraska Medical Center 
42nd and Dewey Ave. 
Omaha, NE 68105-1065 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C.V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146-3318. l 


The First International Symposium for the Treatment 


of Post Surgical Adhesions. September 15-17, 
1989, the Ritz-Carlton, Phoenix, Arizona. For 
further information/formal brochure, con- 
tact: Symposia Medicus, 2815 Mitchell Dr., 
Suite 128, Walnut Creek, CA 94598-1622. 
Tel.: (415) 935-7889. 


American Uro-Gynecologic Society, Tenth Annual 


Meeting, October 4-7, 1989, Marriotts Cam- 
elback Inn, Scottsdale, Arizona. Post Graduate 
course in Uro-Gynecology, October 4, 1989. 
For further information contact: Jeanne 
Boyea, Office of the Secretary-Treasurer, c/o 
The University of Michigan Medical Center, 
Department of Ob/Gyn, 1500 E. Medical Cen- 
ter Dr, MPB D2239 0718, Ann Arbor, M 
48109. Tel.: (313) 764-8429. i 


Two Postgraduate Gynecology Courses: Comprehen- 


sive Review of Gyn for a Clinician, Sept. 12- 
15, 1989, and Reproductive Endocrinology, 
Sept 15-18, 1989, Massachusetts General Hos- 
pital, Boston, Massachusetts. For information 
contact; Harvard Medical School, Department 
of Continuing Education, 25 Shattuck St., Bos- 
ton, MA 02115. Tel: (617) 732-1525. 


International Perinatal Doppler Society (I.P.D.S.), 
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Paris, France, September 13-15, 1989. For 
more information contact: Dr. Ph. Arbeille, 
Secretary of the I.P.D.S., Unite INSERM 316, 
C.H.U. Bretonneau, 37044 Tours, France. 


Update in Gynecologic Oncology: An International 


Perspective, October 16 and 17, 1989, 
Worcester, Massachusetts. Sponsored by the 
University of Massachusetts Medical School, 
Department of Obstetrics and Gynecology. For 
further information contact: Office of Contin- 
uing Education, UMMS, 55 Lake Avenue 
North, Worcester, MA 01655. Tel.: (508) 856- 
3041. 


Hysteroscopy Workshop: A Didactic and Practical 


Hands-On Experience, November 10-11, 
1989, Ambassador West Hotel, Chicago, Hli- 
nois. For registration fees and information, 
contaçt the Office of Continuing Medical Ed- 
ucation, Northwestern University Medical 
School, 301 East Chicago Ave., Ward Building 
1-004, Chicago, IL 60611. Tel.: (312) 908- 
8533. 


The Fetus & Newborn: State of the Art Care, 


San Diego, California, October 11-13, 1989. 
For information contact: Contemporary For- 
ums, 530 La Gonda Way, Suite E, Danville, CA 
94526. Tel.: (415) 820-2800. 


Developmental Interventions in Neonatal Care, 


New Orleans, Louisiana, October 4-6, 1989. 
For information contact: Contemporary For- 
ums, 530 La Gonda Way, Suite E, Danville, CA 
94526. Tel.: (415) 820-2800. 


FACULTY POSITIONS. 
IMMEDIATELY AVAILABLE 
Maternal Fetal Medicine - Reproductive 
Endocrinology - Obstetrics/Gynecology - 
Urogynecology 


The Department of Obstetrics and Gynecology at 
the University of South Dakota School of Medicine 
in Sioux Falls, South Dakota, a delightful city lo- 
cated directly on the Sioux River and serving a 
tri-state area and one of the best kept secrets ‘in 
the Midwest, is building a full-time academic de- 
partment. Qualified individuals to contribute, 
develop and provide leadership in all aspects of 
the specialty are actively being sought. 
Candidates should have interests in clinical prac- 
tice activities and medical education. Clinical and/ 
or basic research opportunities are available and 
encouraged. An opportunity for a creative, moti- 
vated individual with a pioneer spirit. ; 
Financial remuneraticn and incentives are com- 
petitive and commensurate with experience, cre- 
dentials and rank. BC or BE. Position open until 
filled. 

Please send Curriculum Vitae to: R. H. Wiebe, 
M.D., Professor and Chairman, Department of 
Obstetrics and Gynecology, University of South 
Dakota. School of Medicine, 1100 South Euclid Av- 
enue, Sioux Falls, SD 57117-5039, (605) 333- 
7327. 

An Equal Opportunity/Affirmative Action Employer 


CHIEF OF MATERNAL FETAL 
MEDICINE | 
UNIVERSITY OF TEXAS MEDICAL 
BRANCH AT GALVESTON 


Faculty position in the Division of Mater- 
nal-Fetal Medicine in the Department of 
Obstetrics and Gynecology at the University 


of Texas Medical Branch at Galveston. A . 


highly qualified individual is sought to become 
the Chief of the Maternal Fetal Medicine Divi- 
sion. Successful candidates should be board 
certified or eligible in maternal fetal medicine. 
They should have a proven record of research 
and commitment to an academic career. Aca- 
demic rank is commensurate with qualifica- 
tion and experience. Interested candidates 
please send curriculum vitae to Garland D. 
Anderson, M.D., Professor .and Chairman, 
Department of Obstetrics and Gynecology, 
University of Texas Medical Branch at Gal- 
veston, Galveston, Texas 77550. 

UTMB is an equal opportunity M/F/H/V Affir- 
mative Action employer. UTMB hires only in- 
dividuals authorized to work in the United 
‘States. 
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The Knoxville Unit of The University’ of Tennessee 
College of Medicine is currently accepting 
applications for a General Specialist in the 
Department of Obstetrics and Gynecology at The 
University of Tennessee Medical Center at 
Knoxville. 

This position requires board certification or eligibility 
in Obstetrics and Gynecology. Responsibilities 
include: resident and medical student education, 
participation in Regionalization Program; and 
clinical or basic research. 


Specialized areas of interest such as benign GYN 
surgery and/or reproductive immunology are 
encouraged. 


Academic rank is commensurate with both 
qualifications and experience. 


Department of Obstetrics and Gynecology 


THE UNIVERSITY OF TENNESSEE 


Interested persons should sent curriculum vitae: 
Medical Center at Knoxville 
1924 ALCOA HIGHWAY 


Michael R. Caudle, M.D. 
. : Associate Professor and Chairman 
KNOXVILLE, TENNESSEE 37920 
EEO/An posar Adion/Title 1X/Section 504 Efnployer 
Request for Participation in 


Maternal Autoimmune 
Thrombocytopenia Study 


We have plans for a treatment study of 
Maternal Autoimmune Thrombocytope- 
nia. Intravenous Gamma Globulin will be 
given at 32 + 37 weeks of pregnancy. 
This. will be compared to a similar group 
receiving no gamma globulin. This study 
will be done on a randomized basis. His- 
tory of well documented autoimmune 
thrombocytopenia prior to present preg- 
nancy will be required for patient entry. 
Other therapy (steroids, C-section, treat- 
ment of infant) will be at local option. We 
are looking for 10+ centers to participate 
in such a study. Each center should be 
able to enroll 5 patients or more for 1 
year. If interested in receiving protocol 
and specifics, please write Dr. William 
Krivit, Professor of Pediatrics, University 
of Minnesota Department of Pediatrics, 
1252 Ingerson Road, St. Paul, MN 55112. 
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immediate Opening 

ASSISTANT OR ASSOCIATE 
PROFESSOR . 

MATERNAL-FETAL MEDICINE 


‘The Department of Obstetrics & Gyriecology, MacDonald’ 
Hospital for Women, University Hospitals of Cleveland, 









Reserve University, is actively recruiting two full-time 
Perinatologists for its Division of Maternal-Fetal. 






x 






high risk referrals. 






trasound and prenatal diagnosis including CVS; PUBS, 
and Fetal Echocardiography. Clinical and-basic research. 






program. Board eligibility or certification in Matérnal-Fetal’ 







curriculum vitae fo: 


J. C. Veille, M.D |. S 
„Director, Maternal-Fetal Medicine E 
Department of Obstetrics & Gynecology 
MacDonald Hospital for Women 
University Hospitals of Cleveland ` 
2074 Abington Road 
Cleveland, OH 44106 
Phone: 216-844-3338 










employer. 





Obstetrician-gynecologist . 

wanted to join a progressive 

and prosperous group. Out- | 
standing opportunity for a 
well trained, board-eligible 
OB-GYN physician. This: 
practice is strong in high- -risk 


obstetrics, infertility, etc. 


Working out of a level III hos- 


pital. Send CV to: : 


Drs. Trabin, Manko, and Litt 
1401 Forum Way #200 . 


West Palm Beach, FL.33401 | 


(407) 689-8780 
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and Department of Reproductive Biology, Case Western _ 


Medicine. The department of OB- GYN delivers approxi- ` 
mately 3,000 infants per yeař, with a large number of" 


Excellent opportunity to be “involved in teaching, ul- .. 


are encouraged. There is a Board approved fellowship - 


Medicine is required. Interested candidates should send `` 


The University is an equal opportunity/atfirmative action 

















MATERNAL-FETAL MEDICINE 
FACULTY POSITION — 

The Department of Obstetrics and Gyne- 

cology, University of Florida Collége of 

Mediciné, under the direction of Byron J. 

Masterson, M.D., Professor and Chairman, 


` is seeking applicants for one full-time, ten- 


ure accruing faculty position with the’ rank 
of Assistant Professor, Associate Profes- 
sor or Professor for the Division of Mater- 
nal- Fetal Medicine. 


Board eligibility or certification i in maternal: 


fetal-medicine is requiréd. Appointment is 
contingent upon having a current Florida . 


_ Medical license. 


Salary arid rank commensurate with train- 


-ing and experience. Application deadline: 
-' 9/15/89. Anticipated starting date: 7/1/90. 


Send curriculum vitae to: 


` Amelia C. Cruz, M.D... 


Department of Obstetrics and Gynecology 
J-294 JHMHC 
University of Florida College of Medicine 


Be Gainesville, Florida 32610 


“An equal employment opportunity/affirmative 
: ; action employer” 


OBSTETRICIAN-GYNECOLOGIST 
Opening for qualified Obstetrician/Gynecologist in 
the Department of. Ob/Gyn in a newly established 
affiliate clinic of a large multispecialty group in 





_western Kentucky. 


Competitive salary and attractive benefit package 
including malpractice insurance. Partnership eligi- 
bility in two years and no buy-in is required. 


Opportunity to practice state-of-the-art medicine in 


a semi-rural setting. Large lakes nearby which offer 


- recreational opportunities—metropolitan areas 


easily accessible. Community is family oriented 
with relaxed lifestyle not available in large cities. 
Interested parties send curriculum vitae to: 
. Medical Director 
TROVER CLINIC 
Madisonville, Kentucky 42431 _ 
Phone: 502-825-7470 









OBSTETRICS - 
GYNECOLOGY 
Immediate Openings 
Board certified/Board eligible 
faculty physicians for teaching 
hospital with residency program. 
Emphasis on general OB-GYN. 
5,000 deliveries per year. Mid- 
sized urban community in Cen- 
tral California; moderate cost of 
living. Academic rank and salary 
commensurate with experience. 
Supplemental faculty practice 





plan. Send inquiries and C.V. to: 


MEDICAL STAFF OFFICE 
KERN MEDICAL CENTER 
1830 Flower St. 
Bakersfield, CA 93305 








Obsietrics/ 
Gynecology 


WISCONSIN: Marshfield Clinic, a multi-specialt 
group practice with 300 physicians, is seeking BE/B 
obstetrician/gynecologists to join expanding regional 
centers. Positions available in three locations: Two in 
northwestern Wisconsin within 90 miles of Minneapolis 
and one, a group practice of 25 physicians, in north 
central Wisconsin, about 1 1/2 hours from Lake Supe- 
rior. Communities offer exceptional recreational, cul- 
tural, and educational opportunities. An emphasis on 
quality practice and life-style is combined with a total 
compensation package on reaching membership in 
excess of $200,000. Starting salary negotiable. No 
start-up expense, Send C.V. and references te: 


David L. Draves 
Director Regional Beveloumeit 


1000 North Oak Avenue 
Marshfield, WI 54449 


or call collect at (715) 387-5376 


Marshfield Cinic 





OB/GYN 


46-physician multi-specialty group 
located 40 miles north of Sacramento 
seeks a physician to join our OB/GYN 
Department. Excellent compensa- 
tion package the first year. Partner- 
ship opportunity thereafter. Contact: 


' Warren J. Boyer, Jr., M.D. 


Marysville Medical Group 
-= 800 Third Street 
Marysville, CA 95901 


MARYSVILLE 
MEDICAL 
GROUP. 


OBSTETRICS AND 
GYNECOLOGY 
WISCONSIN 


We are looking for a Board Certified/ 
Board Eligible obstetrician/gynecolo- 
gist to join a 7 physician OB/GYN De- 
partment in a large multi-specialty 
group practice located near Mil- 
waukee, Wisconsin, to share cover- 
age at two clinic locations and two 
hospitals. Competitive salary and 
fringe benefits. 


Forward inquiries and CV to: 


Administrator 
i PO. Box 427 
- Menomonee Falls, WI 53051 





SIA 





Kentucky — Louisville — We 
have an immedite opening for a 
B.C./B.E. OB/GYN to provide in- 
house coverage. We are cur- 
rently doing approximately 3500 
deliveries per year. We are sup- 
ported with N.I.C. high risk unit. 
Our unit is complemented by 
perinatology coverage. Also 
available are several private 
practice opportunities. Excellent 
salary and benefit package. 
Send C.V. and references to: . 


















“fumana Hospital 
Audubon 


Bob Bowman 
P.O. Box 17555 
Louisville, KY 40217 













CHIEF OF OB/GYN 
BALTIMORE, MARYLAND - 


The Johns Hopkins Health Pian is re- 
cruiting a Chief for its OB/GYN Depart- 
ment consisting of six physicians and two 
midwives. Position involves recruiting, 
utilization review and quality assurance 
in addition to an active clinical practice in 
OB/GYN. 

The Health Plan is affiliated with The 
Johns Hopkins School of Medicine and 
the succesful candidate will receive a clin- 
ical faculty appointment and have the op- 
portunity for some teaching. We offer a 
competitive salary and comprehensive 
benefits, including paid malpractice. 

Interested candidates should reply to: 
Medical Affairs, The Johns Hopkins 
Health Plan, 1000 E. Eager Street, Balti- 
more, MD 21202. 
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Be in on the delivery. 
of the solution to 
OB staffing. 


LOCUM TENENS, INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


*3 to 9 month guaranteed contracts 

* competitive daily rate 

* licensing and coordination 

* knowledgeable administrative support 
* round trip airfare 

e on-site housing and transportation 

e permanent practice 


opportunities 


‘| © Call 1-800-544-1987 
‘Hor write to: 
Locum, Tenens, Inc. 
400 Perimenter’ 
Center Terrace 
Suite 760 OGLT9 
Atlanta, Georgia 30346 


P 
A LOCUM ` 
ui TENENS, INC. 


A Division of 
Jackson and Coker 























SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


The Southern California Permanente Medical Group invites 
you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call or write to: William 
G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829-5365. 


Equal Opportunity Employer M/F/H 
NGA 
MO 


KAISER PERMANENTE 
Good People. Good Medicine, 


REPRODUCTIVE 


ENDOCRINOLOGIST 


Fargo Clinic—MeritCare is seeking a BE/BC 
Reproductive Endocrinologist to join our staff 
of seven Obstetrician-Gynecologists in the 
Department of Ob-Gyn. Fargo Clinic is a 240 
physician multi-specialty group practice lo- 
cated next to St. Luke’s Hospital. St. Luke’s 
is a 400 + bed level III hospital with a desig- 
nated Children’s Hospital. The department of 
Ob/Gyn is active in donor and husband in- 
semination. Excellent opportunity exists to 
develop Invitro and GIFT Program. 
Fargo-Moorhead is a tri-college community of 
130,000. The sister cities and surrounding 
area offer a wide range of cultural and recre- 
ational activities. 

Guaranteed first year salary with attractive 
long term compensatory arrangements. 
Reply to Robert C. Montgomery, M.D., 737 
Broadway, Fargo, ND 58102 or call 1-800- 
437-4010 ext. 2151. 


hs Fargo Clinic 


MeritCare 





HARBOR-UCLA MEDICAL CENTER 
DEPARTMENT OF OBSTETRICS AND 
GYNECOLOGY 
TORRANCE, CALIFORNIA 


FULL-TIME FACULTY POSITIONS 


The Department of Obstetrics and Gynecol- 
ogy at the Harbor-UCLA Medical Center is 
seeking candidates for the following positions: 
1. Chief of Gynecology 
2. Maternai-Fetal Medicine 
3. Perinatal Genetics 
4. General Obstetrics and Gynecology 
Applicants should be Board Certified or Active 
candidates. The positions offer a mix of resi- 
dent and student teaching and supervision, 
direct patient care, opportunities and encour- 
agement to carry out clinical/basic research, 
and clinical practice. Academic rank commen- 
surate with qualifications and experience. To 
apply send a copy of resume or for further 
information, please contact: 
Charles R. Brinkman, Ill, M.D. 
Professor, Chairman and Program Director 
Harbor-UCLA Medical Center-Box 3 
1000 West Carson Street 
Torrance, California 90509 
(213) 583-3561 














Life. 


It’s our lifes work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing doc- 
tors froin the financial baggage of the private practitioner. 


Group ‘Health Plan isnt for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with Tim Walton at (314) 
993-5955. Or write Group Health Plan, 11475 Olde Cabin 
Road, St. Louis, Mo. 63141, An equal opportunity employer. 


GROUP HEALTH PLAN 





MATERNAL-FETAL MEDICINE 
ASHEVILLE, NORTH CAROLINA 


The University of North Carolina Department 
of OB/GYN and the Mountain Area Health 
Education Center has a full time faculty po- 
sition open in Asheville, NC. 


Assistant/Associate Professor: individual 
should be experienced in prenatal diagnosis 
to include ultrasonography, fetal therapy and 
counseling with experience in management 
of high risk pregnancy. Candidates should 
have demonstrated abilities in clinical prac- 
tice, teaching and research and have com- 
pleted fellowship training in Maternal-Fetal 
Medicine. 


The salary and rank are commensurate with 
experience and training. To apply send CV to: 
Tom Bacon, DrPH 
Chairman, Search Committee 
Mountain Area Health Education Center 
501 Biltmore Avenue 
Asheville, NC 28801 
MAHEC and the University of North Carolina 
is an Affirmative Action Equal Opportunity 

Employer. 











OBSTETRICS & 
GYNECOLOGY 


Obstetrician/Gynecologist needed to 


join a five physician department at a — 


major regional multispecialty clinic: in 
Billings, Montana. Clinic setting in- 
cludes all specialties and is adjacent 
to an outstanding tertiary care referral 
hospital. Excellent opportuhity for a 
top notch board eligible or dard cer- 
tified Obstetrican/Gynecologist look- 


ing for a challenging practice in a 


geographic area offering unlimited 
recreational potential. Those inter- 
ested send CV to: l 
John W. Heizer, M.D., 
Medical Director 
The Billings Clinic 
P.O. Box 35100 
Billings, Montana 59107-5100 











Central Minnesota 
‘Group Health Plan 


OB/GYN 


Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physicians. New clinic facility 
in the fastest growing urban area in Minne- 


“sota. St. Cloud is a community of 45,000 lo- 


cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 
ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact 


- Physician Services, Central Minnesota Group 


Health Plan, 1245 15th Street North, 
St. Cloud, MN 56303. 612/253-5220. EOE. 





Ps Center for Women’s Health 
Æ Opportunity Available 
BRONSON 


Bronson Methodist Hospital Center for Womén’s 
Health is actively seeking.a second board eligible/board 
certified gynecologist. 


è Practice quality gynecologic | care in a relaxed 
atmosphere 

® On-site mammography 

© PMS, post-mastectomy and menopause programs 

* Dedicated staff of nurse practitioners, nutritionists 
and counselors 

e Affiliation with Michigan State University College 
of Human Medicine 


Kalamazoo, located midway between Detroit and 
Chicago, has a metropolitan population of 220,000. 
Residents enjoy a high quality life style: 


è Excellent schools, four colleges and a major university 

è Theatre, art, symphony and ballet ` 

è Lake Michigan is 30 miles away; many inland lakes 

è Full spectrum of sporting activities 

© Outdoor recreation accentuated by Michigan’s four 
seasons 


For more information about this practice opportunity - 


contact: Debra,C. Hartrnan 
Bronson Management Services Corporation 
i 210 East Vine Street 
Kalamazoo, Michigan 49001 
(616) 344-6444 (collect) 





GYNECOLOGIST . ; 
Kalamazoo, Michigan | 








DIRECTOR OF 
PERINATOLOGY SERVICES 


The Irvine Medical Center, located in 


‘Irvine, California, is seeking a full- 


time, Board Certified Perinatologist to 


‘ oversee the perinatology services of 


a 177-bed hospital with a current Med- 
ical Staff of 600 physicians. The Irvine 


_ Medical Center is currently under con- 
. Struction and is the only hospital in 


Irvine, a rapidly growing, well estab- 
lished community located in Orange 
County. The Perinatology Director will 
have the opportunity to develop the 
perinatology services for the Medical 
Center complex. 


Please send CV to: Perinatology 
Search Committee, Irvine Medical. . 
Center, 4605 Barranca Parkway, 
Suite 200, Irvine, CA 92714. 
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University of Florida College of Medicine 
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University of Minnesota 
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University of South Dakota School of Medicine 
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While every precaution is taken to insure accuracy, we cannot guarantee against the possibility of 
an occasional change or omission in the preparation of this index. 


SSA 


The Obstetrics and Gynecology Review Course 


November 27-December 6, 1989 — Chicago 
| Spring 1990 — Site to be Chosen 


N ow, your comprehensive review of basic and clinical science 
OBJECTIVES: | | 


è Increase basic knowledge and clinical skills in ob-gyn. 
e Assist residents and fellows to organize study 

è Prepare candidates to enter their specialty 

e Provide practicing gynecologists with an update 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

è PRACTICE EXAMS with oral and written parts 


* Any six days will complete the program. 8:00 AM to 9:30 PM Nov. 27-Dec. 2 (live); Dec. 3-6 (Video replay of Nov. 27-30). 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Breast 


TOPICS 
Clinical Science Benign Gynecology 
Surgical Anatomy Infectious Diseases 
` Embryology Urinary Retention 
Radiology Urinary Incontinence 
Genetics Pediatric Gynecology 
Teratology Sexual Assault 
Anesthesiology | Ectopic Pregnancy 
Antibiotics Endometriosis 
Pathology Reproductive Endo. 
Vulva . Contraception 
Vagina Infertility 
Cervix Amenorrhea 
Endometrium Abnormal Bleeding 
Myometrium Androgen 
Ovary ` Prolactin 
Placenta Menopause 
`- Oncology Maternal and Fetal Med. 
Chemotherapy Pharmacology 
Vulva and Vagina Diabetes 
Cervix Hypertension . 
Uterus . Hematology 
Ovary Antepartum Testing 
Trophoblast Premature Labor 
Birth Trauma 


Faculty 


Guy Benrubi, M.D. 
University of Florida 


Phillip Galle, M.D. 
Southern Illinois University 


Raymond Glassenberg, M.D. 


Northwestern University 


Edward Hill, M.D. 
Univ. of California, San Francisco 


Allan Jacobs, M.D. 
St. Louis University 


Victoria Maclin, M.D 
Rush Medical College 


Edward Marut, M.D. 
University of Chicago 

Roy Petrie, M.D. 
Washington University 
Gerald Quirk, M.D. 
University of Arkansas 
William Roddick, M.D. 


Southern Illinois University 


Joseph Sanfilippo, M.D. 


University of Louisville 


Robert Scully, M.D. 


Harvard University 

Gary Shangold, M.D. 
University of Chicago 

Marion Verp, M.D. 
University of Chicago 

Richard Voet, M.D. 
University of Texas, Southwestern. 


Wendell Wall, Jr., M.D. 
University of North Dakota 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


Name 





Address 





City/State/Zip 





Phone 


Mail today to: 


1094 Dawn Lane, Dept. A8 
_P.O. Box 2218 ; 
‘Terre Haute, IN 47802. 


For: [1] Nov. 27-Dec, 6, 1989 — Chicago 
[] Spring 1990 — Site to be Chosen 
C] Fall 1990 — Site to be Chosen 
(1 Check enclosed for $ 
[1] Please send more information 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the spring and fall with the fall 
course more clinically oriented. The 
meeting hotels will be the best combina- 
tion of good study environment and bar- 
gain rates. Our experience shows that 
patient negotiation gives our participants 
the best value. Please wait for instruction 
before buying travel tickets. 


" „and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money."* 
FEES AND. C.M.E. CREDITS: 


eo CME. Credit: 60 Hours 
e Practicing Gynecologists: $660 
Residents and Fellows: $440 


Repeating seminar within 3 years: half price 
e Optional extra day, Dec. 3 (more questions, 
answers and pathology laboratory): - $150 
e Add 10%within 10 days of the course. 
Attendees not in course hotel add $8/day. 
Fees do not include lodging or meals. 
e Deposit of $50.00 will reserve your position. 
e Most home study materials will be mailed 
after half the registration fee is received. 


* „homė stidy material was exremely helpful "* 
REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 


eCancellation after mailing home study 
material requires retention of half the fee. 


"I feel [the course] helped me PASS... ee 


INFORMATION: 
Joseph H. Selliken, Jr, MD. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by participants 


21- and 28-day regunens 


ORTHO-NOWUM 7 77 


Fach white tablet contains 05 mg norethindrone and 6.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg nore- 
thindrone and 6.035 mg ethiny! estradiol Each green tablet in 28-day regimen contains mert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
provided with the product and therefore should not be used as the basis for prescribing the product. 
This summary was prepared by deleting from the complete prescribing information certain text. tables 
and references, The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Orai contraceptives should not be used in women who currently have the following 
conditions: 1, Thrembophtebitis or thramboemboltc disorders. 2. A past history of deep ven tnrombophie- 
bitis or thromboembonc disorders. 3. Cerebral vascular or coronary artery disease 4 Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estragen-depen- 
dent neoplasia. 6. Undiagnased abnormal genial bleeding. 7 Cholestatic jaundice of pregnancy oF ja 
with prior pill use. 8. Hepatic adenomas or carcinomas © Known ar suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per ay) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 











ted with increased risks Of several serous conditions mcluding 
troke, hepatic neoplasia. and gallbladder disease. although the 
ry small in healthy women without underlying nsk factors The 
risk of mortidity and mortality increases significantly in the presence of other underlying nsk factors such 
as hypertension. nyperlipidermas, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks The information contained in this 
brief summary is pnincipally based on studies carried cut in patients who used oral contraceptives with 
tugher formulations of estrogens and progestogens than those in common use today The effect of lang 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determuned. Throughout this bref summary epidemiological studies reported are of two types: 
retrospective of case control studies and prospective cr cohort studies. Case control studies provide a 
measure of the relahve ask of a disease namely a ratio of the incidence of a disease among oral contra- 
cephve users to that among nonusers The relative risk does not provide information on the actual clinicat 
occurrence of a disease Cohort studies provide a measure of attributable nsk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers The attributable risk does pro- 
vide information abou actual occurrence of a disease in the population. For further information, the 
reader ıs referred to a text on epidemiological methods 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS a. Myocardial infarction An increased nisk of myocardial infarction has been 
associated with oral contraceptive use. Ths ask is pmanly in smokers or women with other underlying 
nsk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users Nas been estimated to be two 
to six. The risk is very low under the age of 30 Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence ot myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majonty of excess cases, Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 36 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known nsk factors, such as hypertension, diabetes. hyoertipidemias, age and obesity In 
particular. some progestagens are known to decrease HDL cholesterol and cause glucose intolerance. 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS), Similar effects on nisk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution i 
women with cardiovascular disease risk factors. b Thromboembolism An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives 1s well established Case 
control studies have found the relative risk of users Compared to non-users to be 3 tor the first episode of 
superficial venous thrombosis. 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions tor venous thromboembolic disease, Cohort studies have shown the 
relative nisk to be somewhat lower, about 3 for new Cases and about 4.5 for new cases requiring hospital- 
ation The sk of thramboembotic disease associated with oral contraceptives is not related to length of 
use and disappears after pil use is stopped A two- to fcur-told increase i relative isk of post-operative 
thromboembolic complications has been reported with tie use of oral contraceptives. The relative nsk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditons tf feasible. oral contraceptives should be discontinued at least four weeks prior 
for two weeks after e Surgery of a type associated with an increase in risk af thromboembolism a 
dunng and following prolonged immobiization, Since the immediate postpartum period i$ also associated 
with an increased risk of thromboembolsm, oral contraceptives should be started no earher than four 
weeks atter d ry in women who elect not to breast feed. c Cerebrovascula ases, Oral contracep 
tives have been shown to increase both the relative and attributable risks o brovascular events 
(thrombotic and hemorrhagic strokes). although, in general. (he ask is greatest among older (>35 years) 
hypertensive women who alsa smoke Hypertension was found to be a risk factor for both users and 
non-users. for both types of strokes, and smoking interacted to merease the nisk of stroke In a large study. 
the relative risk of thrombotic strokes been shown to range from 3 tor normotensive users to 14 for 
users with severe hypertension The relative risk of hemorrhagic stroke is reported to be 1.2 tor non- 
smokers who used oral contraceptives, 26 for smokers who did not use oral contraceptives. 76 for 
smokers who used oral Contraceptives. 18 for normotensive users and 257 for users with severe hyper- 
tension. The attributable risk is also greater in older woman d. Dose-related ask of vascular disease from 
oral contraceptives A positive association has been onserved between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease A decline in serum high density 
houproteins (HDL) has been reported with many progestational agents A decline in serum high density 
ipoproteis has been associated with an increased imcidance of ischemic heart disease Because estro- 
gens increase HDL cholesterol. the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the actnaty of the progestogen used in the contraceptive 
The activity and amoy both hormones should be considered in the ch of an oral contraceptive 
Mimmizing exposure to estrogen and progestogen 15 in keeping with good principles of therapeutics. For 
any particular estrogen, progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a tow faure rate and the 
needs of the individual patient New acceptors of orai contraceptive agents should be started on prepara 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular cisease for ever-users of oral contraceptives Ina 
study in the United States. the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
mare years. but this increased tisk was not demonstrated in other age groups. in another study in Great 
Briain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess tisk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. Čne study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages These 
estimates include the combined nisk of death associated with contraceptive methods plus the atinbu- 
table to pregnancy in the event of method failure. Each mathod of contraception has tts specific benefits 
and risks. The study concluded that with the exception af oval contraceptive users 35 and older who smoke 
and 40 and cider who do not smoke. mortality associated with ali methods of birth contral is low and 
below that associated with childbirth. However smokers 35 and older and non-smokers 40 and older who 
use oral contracep! have a significant increase in morality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure cates for other methods and the nisk 
associated with subsequent pregnancy 3. CARCINOMA OF THE REPRODUCTIVE ORGANS Numerous 
epidemiological studies have been performed on the incidence of breast. endometrial, ovarian and cervical 
cancer in women using oral contraceptives While there ara contlicting reports the overall evidence in the 
literature suggests that use of oral contr ives 16 not associated with an tacrease in the risk of 
developing breast cancer The Cancer and S Hormone (CASH) study aiso showed no latent effec? on 
the risk af breast cancer for at least a decade following lon] term use. Some studies have shown a slightly 
increased relate risk of developing breast cancer. Some studies suggest that oral contraceptive use has 
been associated wilh an increase in the risk of cervical intraepithelial neoplasia in some populations of 
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The use of oral Contraceptives i$ associa 
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women However, there continues to be controversy about the extent to which such findings may be due to 
differences in Sexual behavior and other factors. In spite of many studies of the relationship between oral 
contraceptive use and breast and cervical cancers, a cause and effect relationship has not been estab- 
fished 4 HEPATIC NEOPLASIA Bemgn hepatic adenomas are associated with oral contraceptive use. 
although the incidence of benign tumors ts rare in the Ureted States. Indirect calculations have estimated 
the attributable risk to be in the range of 3.3 cases/100.000 for users, a nisk that increases after four or 
more years of use especially with oral contraceptives of higher dose Rupture of benign. hepatic adenomas 
may cause death through intra-abdominal hemorrhage. Studies from Britain have shown an increased nsk 
of developing hepatocellular carcinoma in long-term (>8 years) oral contraceptive users However, these 
cancers are rare in the US and the attributable risk (he excess incidence) of iver cancers in oral 
contraceptive users approaches less than one per million users 5. OCULAR LESIONS T have been 
clinical case rep of retinal thrombosis associated with the use of oral contraceptives. Orat contracep- 
tives should be discontinued if there is unexplained partial or complete fass of vision: onset of proptosis 
or diplopia, papilledema, or retinal vascular lesions. Appropriate diagnostic and therageutic measures 
should be undertaken immediately 6 ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREG- 
NANCY RISK OF BIRTH DEFECTS Extensive epidemiological studies have revealed no imcreased nsk of 
birth detects in women who have used oral contraceptives prior to pregnancy The majority of recent 
studies aiso do not indicate a teratogenic effect. particularly in so far as cardiac anomalies and hmb 
reduction defects are Concerned, when taken inadvertently during early pregnancy, The administration of 
oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. Oral 
contraceptives should nat be used during pregnancy to treat threatened or habitual abortion. itis recom- 
mended that for any patient who has missed two consecutive penods pregnancy should be ruled out 
before continuing oral contraceptive use. If the patient has not adhered to the prescribed schedule, the 
possibility of pregnancy should be considered at the time of the first missed period. Oral contracephye 
use should be discontinued unt pregnancy s ruled out. 7 GALLBLADDER DISEASE Carter studies have 
reported an increased hteume relative sk of gallbladder surgery im users of oral contracegtives and 
estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder 
disease among oral contraceptive users may be minimal The recent findings of minimal risk may be 
related to the use of oral contraceptive formulatians containing lower hormonal doses af estrogens and 
progestogens 8 CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contraceptives ha 
to cause a decrease in glucose tolerance im a significant percentage of users This effec 
to be directly related to estrogen dose Progestogens imcraase insulin secretion and creat ulin resist 
ance. this effect varying with different progestational agents However. in the non-diabetic woman, oral 
contraceptives appear to have no effect on fasting blood glucose Because of these demonstrated effects 
prediabetic and diabetic women in particular should be carefully monitored while taking oral contracep- 
tives. A small proportion of women wil have persistent hypertnglyceridemma while on the pii, As dis- 
cussed earlier (see WARNINGS 1a and 1d}, changes in serum tnglycerides and hpoprotem levels have been 
reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE An increase in blood pressure has 
been reported in women taking oral contraceptives, and this increase is more likely i older oral contra- 
ceptive users and with extended duration of use. Data from the Royal College of General Practitioners and 
subsequent randomized trials have shown that the incidence of hypertension increases with increasing 
progestational activity. Women with a mstory of hypertension or hypertension-related diseases. or renal 
disease. should be encouraged to use another method of contraception. 1f women elect to use oral 
contraceptives, they should be monitored closely and if significant elevation of blood pressure occurs, oral 
contraceptives should be discontinued For mast women, elevated blood pressure will return to normal 
after stopping oral contraceptives. and there is no difference in the occurrence of hypertension between 
former and never users. 10, HEADACHE. The onset or exacerbation of migraine or development of headache 
with a new pattern which is recurrent, persistent or Severe requires discontinuation of oral contraceptives 
and evaluation of the cause. 11. BLEEDING IRREGULARITIES. Breakthrough bleeding and spotiimg are 
sometimes encountered in patients on oral contraceptives. especially during the first three months of use 
Non-hormonal causes should be considered and adequate diagnostic measures taken to rule out malig- 
nancy or pregnancy in the event of breakthrough bleeding as in the case of any abnormal vaginal bleeding 
If pathology has been excluded. time or a change to another formulation may solve the problem. in the 
event of amenorrhea. pregnancy should be ruled out. Some women may encounter post-pill amenorrhea or 
oligomenorrhea, especially when such a condition was preexistent, 12. ECTOPIC PREGNANCY. Ectopic as 
well as intrauterine pregnancy may occur in contraceptive failures. PRECAUTIONS: 1 PHYSICAL EXAMI- 
NATION AND FOLLOW UP A complete medical tistory and physical examination should be taken poor to 
the initiation or remstitution of oral contraceptives and at least annually during use of oral contraceptives 
These physical examinations should include special reference to blood pressure, breasts. abdomen and 
pelvic organs. including cervical cytology. and relevant laboratory tests. In case of undiagnosed persistent 
or recurrent abnormal vaginal bleeding. appropriate diagnostic measures should be conducted to rule out 
mahgrancy. Women with a strong family history of breast cancer or wha have breast nodules should be 
monitored with particular care. 2 LIPID DISORDERS. Women who are being treated for hyperlindemias 
should be followed ciosely if they elect to use oral contraceptives. Some progestogens may elevate LDL 
levels and may render the control of hyperhpidemias more difficult, 3. LIVER FUNCTION if jaundice 
develops in any woman receiving such drugs, the medicaton should be discontinued. Steroid hormones 
may be poorly metabolized in patients with impaired liver function. 4. FLUID RETENTION Oral contracep- 
tives may cause some degree of fluid retention. They should be prescnbed with caution, and only with 
careful monitoring. m patients with conditions which might be aggravated by fluid retention 5. EMO- 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6 CONTACT LENSES. Contact lens wearers who 
develop visual changes or changes in fens tolerance should be assessed by an ophtha 
INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding and n 
ularities have been associated with concomitant use of rifampin. A similar association. though less 
marked, has been suggested with barbiturates. phenylbutazone, phenytoin sodium. and possibly with 
geseotulvin, ampicillin and tetracyclines 8 INTERACTIONS WITH LABORATORY TESTS Certain endocrine 
and liver function tests and blood components may be affected by oral contracephves a. increased 
prothrombin and factors VI. VHI IX. and X; decreased antithrombin 3. increased norepinephnine-induced 
platelet aggregability b. Increased thyroid binding globulin (TBG) leading to increased circulating total 
thyrou hormone. as measured by protein-bound iodine (PBI) 14 by column or by racka-unmunoassay Free 
T3 resin uptake is decreased. reflecting the elevated TBG. tree 74 concentration is unaltered. c Other 
binding proteins may be elevated in serum. d. Sex-binding globulins are increased and result m elevated 
levels of total circulating sex steroids and corticods: however. free or biologically active levels remain 
unchanged è Taglycendes may be increased. f Glucose tolerance may be decreased g Serum folate levels 
may be depressed by oral contraceptive therapy. This may be of clinical significance if a woman becomes 
pregnant shortly after discontinuing oral contraceptives. 9 CARCINOGENESIS See WARNINGS section 
10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sectians 11. NURSING 
MOTHERS Small amounts of oral contraceptive steroids have been identified in the milk of nursing 
mothers and a few adverse effects on the child have been reported. including jaundice and breast enlarge- 
ment. in addition, oral contraceptives given in the postpartum period may interfere with lactation by 
decreasing the quantity and quality of breast milk. ff possible. the nursing mather should be advised not to 
use oral contraceptives but to use other forms of contraception unti she has completely weaned her child 
INFORMATION FOR THE PATIENT: See Patient Package Insert. ADVERSE REACTIONS: An increased risk 
of the following senous adverse reactions has been associated with the use of oral contraceptives (see 
WARNINGS section) Thrombophiebitis and venous thrombosis with or without embolism. Arterial throm- 
boembolism. Pulmonary embohsm. Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis 
Hypertension Gallbladder disease. Hepatic adenomas or benign fiver tumors. The following adverse reac- 
tions have been reported in patients receiving oral contraceptives and are believed to be drug-related 
Nausea Vomiting. Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding Spotting. Change in menstrual flow. Amenorrhea. Temporary infertility after discontinuation of 
treatment. Edema Melasma which may persist Breast changes: tenderness, enlargement. secretion 
Change in weight (increase or decrease}. Change in cervical erosion and Secretion. Diminution in lactation 
when given immediately postpartum. Cholestatic jaundice. Migraine. Rash (allergic) Mental depression 
Reduced tolerance to carbohydrates. Vaginal candidiasis, Change in corneal curvature (steegenmng} intoler- 
ance to contact lenses. The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted: Pre-menstrual syndrome Cataracts. Changes 
in appetite Cystitis-hke syndrome. Headache. Nervousness Dizziness Hirsutism Loss of scalp hair Ery- 
thema multforme Erythema nodosum, Hemorrhagic eruption. Vaginiis. Porphyria. Impaired renal fune- 
tion. Hemolyhe uremic syndrome. Acne. Changes in libido. Colts OVERDOSAGE: Serious Hf effects have 
not been reported following acute ingestion of large doses of oral contraceptives by young children 
Overdosage may cause nausea and withdrawal bleeding may occur in females ORTHO 
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ORTHO PHARMACEUTICAL CORPORATION 
Rantan. NJ 08869-0602 


TSerious as well as minor side effects 
have been reported with the use of oral 
contraceptives. The physician should 
remain alert to the earliest manifestations 
of any symptoms of serious disease 
and discontinue oral contraceptive 
therapy when appropriate. 


Please see brief summary of complete 
Prescribing Information on the preceding page. 


ORTHO PHARMACEUTICAL CORPORATION 
Raritan, New Jersey 08869-0602 
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Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8-16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 





To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 


a 


Extra midcycle progestin to reduce 
midcycle breakthrough bleeding 








TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri-Norinyl, 
please see brief summary of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 


SYNTEX LABORATORIES, INC. 
PALO ALTO, CA 94304 





TRI-NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL’ 21-Day Tablets (7 blue tablets of norethin- 

drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 

of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 

Hi con of norethindrone 0.5 mg with ethinyl estradiol 
035 mg) 

TRI-NORINYL’ 28-Day Tablets (7 blue tablets of norethin- 

drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 

of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 

blue tablets of norethindrone 0.5 mg with ethinyl estradiol 

0.035 mg; 7 inert tablets) 

BREVICON® 21-Day Tablets (norethindrone 0.5 mg with 

ethinyl estradiol 0.035 mg) 

BREVICON" 28-Day Tablets (21 norethindrone 0.5 mg with 

bl estradiol 0.035 mg tablets followed by 7 inert tablets) 

NORINYL* 1 + 35 21-Day Tablets (norethindrone 1 mg with 

ethinyl estradiol 0.035 mo 

NORINYL’ 1 +35 28-Day Tablets (21 norethindrone 1 mg 

with ethinyl estradiol 0.035 mg tablets followed by 7 

inert tablets) 

NORINYL’ 1 +50 21-Day Tablets (norethindrone 1 mg with 

mestranol 0.05 my), 

NORINYL* 1 +50 28-Day Tablets a norethindrone 1 mg 

with mestranol 0.05 mg tablets followed by 7 inert tablets) 

NORINYL 1 + 80 21-Day Tablets (norethindrone 1 mg with 

mestranol 0.08 mo), 

NORINYL’ 1 +80 28-Day Tablets (21 norethindrone 1 mg 

with mestranol 0.08 mg tablets followed by 7 inert tablets) 

NORINYL* 2 mg Tablets (norethindrone 2 mg with 

mestranol 0.1 mg) 

NOR-Q.D~ (norethindrone) Tablets 0.35 mg 

ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism, it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or less of estrogen. 

Contraindications 1. Known or suspected pregnancy (see Warning #5). 2 
Thrombophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal genital 
bleeding. 5. OCs should not be used by women who have or have had any of the 
following: a. cerebral vascular or coronary artery disease, including myocardial 
infarction. b. known or suspected carcinoma of the breast. c. known or sus- 
pected estrogen dependent neoplasia. d. benign or malignant liver tumor that 
developed during use of OCs or other estrogen containing products. 


WARNINGS: Cigarette smoking increases the risk of serious cardiovascu- 
Dr age ee kom OC use. ree nenes yl ested | heavy 
smoking (15 or more cigarettes per quite marked in women 
JOR vents Sys: Woman who ese should be strongly advised not 





The use of OCs is associated with increased risk of several serious conditions 
including thromboembolism, stroke, myocardial infarction, liver tumor, gall 
bladder disease, visual disturbances, fetal abnormalities, and hypertension. 
Practitioners precy Ot should be familiar with the following informa- 
tion relating to these ri 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
thromboembolic and thrombotic disease associated with OC use is established 
One study demonstrated an increased relative risk for fatal venous thromboem- 
bolism and several studies demonstrated it for non-fatal venous thromboembol- 
ism. They estimate that OC users are 4-11 times more likely than nonusers to 
develop these diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
lar disease. Another British study showed a lower death rate in OC users than 
Controls; an increase in cardiovascular deaths was seen but was not statistically 
significant. A US, prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a retrospective, case- 
control study showed significant increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies, In an American study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greater in users than nonusers. A British long- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke, Another study had suggested an association in 1974, but the 
number of cases was too small to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies 
Smoking alone increases incidence of these accidents; smoking and pill use 
appear to increase risk moye than either alone. 
MYOCARDIAL INFARCTION (MI). Increased relative risk of MI associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of preodarec toxemia) 
the higher the risk of developing MI, regardless of OC use. OCs were an 
additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major pracaposing condition to 
MI) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. ae are based on British vital statistics which show acute MI 
death rates 2-3 times less than in the US. so U.S. death rates could be higher) 
pot tnes, of other predisposing conditions in determining relative and absolute 
risks has not been quantified; other opik actions may exist. RISK OF 
DOSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 0.1 mg or 
more of estrogen were associated with a higher risk of thromboembolism than 
those containing 0.05-0.08 mg but quantity of estrogen may not be the sole 
factor. This was supported by a U.S. study. A British study found a positive 
association between dose of progestogen or estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been done. Thromboembolic 
disease has been reported in women using these ponio, and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
jested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for Ml; another sudy pees the 
istence of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
[ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated mortality rate per 100,000 women per year from circulatory system 
diseases for OC users and nonusers according to age, smoking habits, and 
duration of use. The overall annual excess death rate for OC users was estimated 
to be 20/100,000 (ages 15-34-5/100.000; ages 35-44-33/100,000; ages 45- 
49-140/100,000). is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the study showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, all 
occurred in women 35 or older. An update provided the following rates: ages 
15-34—1/6700 for nonsmokers and 1/2000 for smokers; ages 45 and over- 
1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration of use. Until more women under 35 with 
Continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data from a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method (e.g., thromboembolic and thrombotic disease for OCs) plus risk 
attributable to pregnancy or abortion if the method fails (which varies with 











the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (haws given for pill only/ 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double; for “light” smokers 
(less than 15), about halt.) The lowest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke, 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, obesity, diabetes, or history of preeclamptic toxemia, and omy by 
smoking. The following chart gives a gross estimate of risk of death from 
Circulatory disorders associated with OC use. 


SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 








Age Below 30 30-39 40+ 
Heavy smokers C B A 
Light smokers D (Y B 
Nonsmokers 
(no predisposing conditions) D C.D c 
Nonsmokers 
(other predisposing conditions) c CB BA 





A-Use associated with vay high risk. 
B-Use associated with high risk. 
C—Use associated with moderate risk. 
D-Use associated with low risk. 


Physician and patient should be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders (e.g, thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, discontinue OC 
immediately. A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
gradwal, partial or complete loss of vision; onset of proptosis or diplopia; 
papillédema; or retinal vascular lesions; and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and malignant, in dogs. Several retrospective case- 
control studies reported an increased relative risk (31-139 times) associating 
endometrial carcinoma with dali eg use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for adeno- 
carcinoma of the endometrium (e.g., irregular bleeding when OCs were first 
iven, polycystic ovaries), nearly all occurred in women who had used sequential 
s, which are no longer marketed. No statistical association has been reported 
Suggesting an increased risk of endometrial cancer in users of conventional 
Combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was ested for OC users with documented benign 
breast disease and for long-term (2-4 years) users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
years than among nonusers with breast cancer. One other study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer, and other studies suggested an increased risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. One Study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers, A Prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers, This became ei 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix {largely 
carcinoma in situ) in OC users under 40, particularly those who had used OCs 
over 4 years. Two other studies suggested an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless, 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
(See also Warnings, 4. Liver Tumors.) 4. Liver Tumors; Sudden severe abdominal 
p or shock may be due to rupture and hemorrhage of a liver tumor. There have 
en reports associating benign or malignant liver tumors with short-term and 
long-term OC use. One study reported use of OCs with high hormonal potency 
and age over 30 may further increase risk of hepatocellular adenoma. Two 
studies relate risk with duration of use, risk being much greater after 4 or more 
years of use. Long-term OC users have an estimated annual incidence of hepato- 
Cellular adenoma of 3-4/100,000. Although an uncommon lesion, it should be 
considered in women presenting with an “acute abdomen”. The tumor may 
Cause serious or fatal hemorrhage. Patients with liver tumors have demonstrated 
variable clinical features which may make preoperative diagnosis difficult. Some 
Cases presented because of right upper quadrant masses, while most had signs 
and symptoms of acute intraperitoneal hemorrhage. Routine radiological and 
laboratory studies may not be bile Liver scans may show a focal defect. 
hoak arteriography may be useful in diagnosing primary liver neoplasm. Cases 
of hepatocellular carcinoma have been reported in long-term users of OCs. 
An epidemiological Buy suggested a 4-fold increase in relative risk for hepato- 
cellular carcinoma in OC users for 8 years or more, which increased to 7 in 
women with markers of hepatitis B. A second study suggested a risk of about 20 
for use in excess of 8 years. 5. Use in or Immediately Preceding Pregnancy, Birth 
Defects in Offspring, and Malignancy in Female Oftspring: se of female sex 
hormones—estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethyistilbestrol, a 
nonsteroidal onrogon, have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care. A pun percentage of 
women exi to diethylstilbestrol (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that the would not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs, in pregnancy. One case-control study estimated a 4.7-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data est 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1/1000 
live births. Ina ald aa study, cardiovascular defects in children born to 
women who received female hormones, foung OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed 
in utero. These results are statistically significant. A Welsh study found a statis- 
tically significant excess of neural tube defects among offspring of prior OC 
users (within 3 months) than ai controls. The incidence of twin births may 
be increased for women who conceive shortly after discontinuing OC use. In the 
t, female sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence from well controlled studies that are 
effective for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
Pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stoppina OCs is unknown. If 


the patient has not adhered to the prescribed schedule, consider possible preg- 
nancy at the first missed period (or 45 days from the last menstrual period if 
progasiogan ony OCs are used) and discontinue OC use until pregnancy has 
n ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before owun the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become prgn should use an 
alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased frequency 
of neural ie pore i women impregi aus the first 2 months after 
cessation use. Do not use logen-only or progestogen: 
combinations to induce withdrawal bleeding as a pregnancy test. 6. ail Blader 
Disease: Studies report increased risk of gall bladder disease in OC or estrogen 
users. In one study, an increased risk appeared after 2 years of use and dou 
after 4-5 years. In another study, an increased risk was apparent between 6 and 
12 months. 7. Carbohydrate and Lipid Metabolic Effects: Because a decrease in 
lucose tolerance has been observed in a bn pil pele percentage of opm on 
Cs, prediabetic and diabetic OC users should be carefully observed. An increase 
in triglycerides and total phospholipids has been observed in OC users but its 
clinical significance is unknown. 8. Elevated Blood Pressure: An increase in 
blood pressure has been reported with OC use. Hypertension may occur within a 
few months of beginning OCs. In the first year of use, incidence of hypertension 
may be no a gi in OC users than in nonusers. Incidence in users increases with 
exposure and in the fifth pe of use is 2.5-3 times that in the first year. Age is 
strongly correlated with hypertension in OC users. Women with a history of 
elevated blood naain (hypertension), preexisting renal disease, history of 
toxemia or elevated blood pressure pang pregnancy, familial tendency to hyper- 
tension or its coneanyeneat, or history of excessive weight gain or fluid retention 
during the menstrual cycle may be more likely to develop elevated blood pressure 
when given OCs and should be monitored closely. Even though elevated blood 
pressure may remain within the “normal” range, closely watch elevations, partic- 
ularly for women with other risk factors for cardiovascular disease or stroke. High 
blood pressure may or may not persist after OC discontinuation. 9. Headache: 
Discontinue OC and evaluate the cause of onset or exacerbation of migraine or 
development of a new pattern of headache which is recurrent, persistent, or 
severe. 10. Bleeding Irregularities: Breakthrough bleeding, spotting, and missed 
menses often make users discontinue OCs. In breakthrough bleeding, as in all 
cases of irregular bleeding from the vagina, consider nonfunctional causes. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, use 
adequate diagnostic measures to rule out pregnancy or malignancy. If pathology 
has been excluded, time or another formulation mey solve the problem. While 
pRa useful in minimizing menstrual irregularity, change to an OC with a 
igher estrogen content only it necessary since this may increase the risk of 
thromboembolic disease. Women with a history of oligomenorrhea or 
amenorrhea or young women without reput cycles may tend to remain anovu- 
latory or to become amenorrheic after OC discontinuation. Women with these 
preexisting problems should be advised of this and encouraged to use other 
contraceptive methods. Post-use anovulation, possibly prolonged, occur in 
women without previous irregularities. A higher incidence of galactorrhea and ot 
ituitary tumors (e.g., adenomas) has been associated with amenorrhea in 
former users compared with nonusers. One study reported a 16-fold increased 
incidence of pituitary prolactin-secreting tumors among patients with postpill 
amenorrhea when galactorrhea was present. 11. /nfertility: There is evidence of 
impairment of fertility in women discontinuing OCs in comparison with other 
contraceptive methods, which appears to be independent of duration of use. 
While impairment diminishes with time, there is an appecana difference in the 
results in nulliparous women for OC and other pious months after discontin- 
uation of birth control. For parous women the difference is not apparent 30 
months after cessation of contraception. One study its that the incidence 
of Chlamydia trachomatis infection, the leading cause of nongonococcal PI.D., is 
incres by OCs, 12. Ectopic Pregnancy: Ectopic as well as intrauterine preg- 
nancy may occur in OC failure. In progestogen-only OC failures, the of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding: OCs in the poromu period may interfere with lactation by decreas- 
ing quantity and quality of breast milk. A small traction of OC hormonal 
has been identified in milk of mothers receiving OCs. Effects, if any, on the 
breast-fed child have not been determined. If feasible, defer OC use until the 
infant has been weaned. Precautions GENERAL 1. Take a complete medical and 
family history before starting OCs. Pretreatment and periodic physical exams 
should include special reference to blood pressure, breasts, abdomen and pelvic 
4 noong Paniniooioj smear and relevant lab tests. As a general rule, 
OCs should not be prescribed for longer than 1 year without another physical. 2. 
Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may enlarge, 3. Observe patients with a history of psychic S- 
sion and discontinue OCs if depression recurs to a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized in 
patients with impaired liver function and should be administ with caution in 
such patients. 7 OC users may have disturbances in normal tryptophan metabo- 
lism that may result in a relative pyridoxine deficiency. The clinical Taric is 
unknown. 8. Serum folate levels may be depressed by OC use. Since pagant 
woman is predisposed to folate deficiency and incidence of folate deficiency 
increases with increasing gestation, if a woman becomes pregnant shortly after 
stopping OCs, she may have a greater chance of developing folate deficiency and 
related complications. 9. Advise the pathologist of OC use when relevant j- 
mens are submitted. 10. Certain endocrine and liver function tests and 
components may be affected by estrogen-containing OCs. For ape a 
Increased sulfobromophthalein retention. b. Increased o promn and factors 
Vil, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine-induced 
platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to 
increased circulating total thyroid hormone, as measured yy protein-bound 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. 
Decreased pregnanediol excretion. e. Reduced response to metyrapone test. f. 
Increased Le eae and triglycerides. g. Temporarily decreased glucose 
tolerance, 11. Contact lens wearers who develop visual changes or changes in 
lens tolerance should be assessed by an ophthalmologist and temporary or 
ermanent cessation of wear considered. DRUG INTE! IONS. OCs may be 
less effective and there may be increased breakthrough bleeding from interac- 
tions with rifampin, isoniazid, pipe tetracycline, neomycin, penicillin V, 
chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics, tranquilizers, antimigraine preparations, antihistamines, and 
piorna OCs may alter effectiveness of such other drugs as oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants, antilypecionaie agents (e.9., 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline, and beta blockers. Toxic liver effects have been reported with 
a combination of an OC and cycl in A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of ti 
following serious adverse reactions has been associated with OC use (see Warn- 
ings): thrombophlebitis, thrombosis, pulmonary embolism, coronary thrombo- 
sis, cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral 
hemorrhage, hypertension, gall bladder disease, congenital anomalies, neuro- 
ocular lesions, e.g., retinal thrombosis and optic neuritis, Budd-Chiari syndrome, 
Raynaud's disease, arterial thromboembolism. The following adverse reactions 
have been reported in OC users and are believed to be drug related: bleeding 
irregularities (breakthrough bleeding, spotting, missed menses during treatment, 
amenorrhea after treatment), gastrointestinal symptoms (nausea, vomiting, 
bloating, abdominal cramps, colitis), dysmenorrhea, infertility after discontinu- 
ance of treatment, edema, chloasma or melasma which Yell se after oge 
discontinued, breast changes (tenderness, enlargement, secretion), intoler- 
ance to contact lenses, changes in corneal curvature {steepening), in 
weight (increase or decrease), change in cervical erosion and cervical secretion, 
ssible diminution of lactation when given immediately postpartum, cholestatic 
Rundica migraine, increase in size of uterine leiomyomata, rash (allergic), men- 
tal depression, reduced tolerance to carbohydrates, vaginal candi is, prolac- 
tin-secreting pituitary tumors, chilblains. The following adverse reactions have 
been reported in OC users and the association has been neither confirmed nor 
fea pelt et y hag mr rigi Eegi o in ap orea 
changes in appetite, cystitis-like syn p nervousness, iness, 
hirsutism, loss of hair, erythema multiforme, erythema nodosum, hemorrhagic 
eruptions, vaginitis, porphyria, impaired renal function, malignant nephroscle- 
rosis (hemolytic uremic syndrome), malignant per eno acute renal failure, 
emature supraventricular contractions. sara for the Patient (See Patient 
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When pregnancy is the goal, successful ovulation is the 
first hurdle. Serophene has demonstrated its effectiveness 
for six years—with ovulation rates of 50% to 94% and 
pregnancy rates of 11% to 52%. 

For effective first-line ovulation-induction therapy, 
success starts with Serophene. 


Starts with 


(domiphene citrate tablets, USP) 50 mg 


The first choice for 
ovulation induction 
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Successful ovulation 


starts with 


SEROPHENE 


(clomiphene citrate tablets, USP) 50 mg 


‘The first choice for ovulation induction 


Serophene® 
(clomiphene citrate tablets, USP) 
Brief Summary: 
Indications: 
Clomiphene citrate is indicated for the treatment of 
ovulatory failure in patients desiring pregnancy, and 
whose husbands are fertile and potent. Impediments 
to this goal must be excluded or adequately treated 
before beginning therapy. Administration of 
clomiphene citrate is indicated only in patients with 
demonstrated ovulatory dysfunction and in whom the 
following conditions apply: 

1. Normal liver function. 

2. Physiologic indications of normal endogenous 
estrogen (as estimated from vaginal smears, endo- 
metrial biopsy, assay of urinary estrogen, or from 
bleeding in response to progesterone). Reduced 
estrogen levels, while less favorable, do not prevent 
successful therapy. 

. Clomiphene citrate therapy is noteffective for those 
patients with primary pituitary or ovarian failure. It 
cannot substitute for appropriate therapy of other 
disturbances leading to ovulatory dysfunction, e.g., 
diseases of the thyroid or adrenals. 

- Particularly careful evaluation prior to clomiphene 
citrate therapy should be done in patients with 
abnormal uterine bleeding, It is most important 
that neoplastic lesions are detected. 

Contraindications: 
Pregnancy 
Although no direct effect of clomiphene citrate ther- 
apy on the human fetus has been seen, clomiphene 
citrate should not be administered in cases of sus- 
pected pregnancy as such effects have been reported 
in animals. To prevent inadvertent clomiphene citrate 
administration during early pregnancy, the basal body 
temperature should be recorded throughoutall treat- 
ment cycles, and therapy should be discontinued if 
pregnancy is suspected. Ifthe basal body temperature 
following clomiphene citrate is biphasic and is not 
followed by menses, the possibility of an ovarian cyst 
and/or pregnancy should be excluded. Until the 
correct diagnosis has been determined, the next 
course of therapy should be delayed. 

Liver Disease 
Patients with liver disease ora history of liver dysfunc- 

tion should not receive clomiphene citrate therapy. 

Abnormal Uterine Bleeding 
Clomiphene citrate is contraindicated in patients with 
abnormal uterine bleeding. 
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Visual Symptoms 

Patients should be warned that blurring and/or other 
visual symptoms may occur occasionally with 
clomiphene citrate therapy. These may make activities 
such as driving or operating machinery more hazard- 
ous than usual, particularly under conditions of varia- 
ble lighting. While their significance is not yet 
understood (see ADVERSE REACTIONS), patients 
having any visual symptoms, should discontinue 
treatment and have a complete ophthalmologic 
evaluation. 

Precautions: 

Diagnosis Prior to Clomiphene Citrate Therapy 
Careful evaluation should be given to candidates for 
clomiphene citrate therapy. A complete pelvic exami- 
nation should be performed prior to treatment and 
repeated before each subsequent course. 
Clomiphene citrate should not be given to patients 
with an ovarian cyst, as further ovarian enlargement 
may result. 


Toll-free: 800-225-5185 
In Mass: 617-963-8154 


Since the incidence of endometrial carcinoma and of 
ovulatory disorders increases with age, endometrial 
biopsy should always exclude the former as causative 
in such patients. If abnormal uterine bleeding is 
present, full diagnostic measures are necessary. 
Ovarian Overstimulation During Treatment with 
Clomiphene Citrate 

To minimize the hazard associated with the occasional 
abnormal ovarian enlargement during clomiphene 
citrate therapy (see ADVERSE REACTIONS), the low- 
est dose producing good results should be chosen. 
Some patients with polycystic ovary syndrome are 
unusually sensitive to gonadotropin and may have an 
exaggerated response to usual doses of clomiphene 
citrate. Maximal enlargement of the ovary, whether 
abnormal or physiologic, does not occur until several 
days after discontinuation of clomiphene citrate. The 
patient complaining of pelvic pains after receiving 
clomiphene citrate should be examined carefully. If 
enlargement of the ovary occurs, clomiphene citrate 
therapy should be withheld until the ovaries have 
returned to pretreatment size, and the dosage or 
duration of the next course should be reduced. The 
ovarian enlargement and cyst formation following 
clomiphene citrate therapy regress spontaneously 
within a few days or weeks after discontinuing treat- 
ment. Therefore, unless a strong indication for lapa- 
rotomy exists, such cystic enlargement always should 
be managed conservatively. 

Multiple Pregnancy 

In the reviewed publications, the incidence of multi- 
ple pregnancies was increased during those cycles in 
which clomiphene citrate was given. Among the 1803 
pregnancies on which the outcome was reported, 
90% were single and 10% twins. Less than 1% of the 
reported deliveries resulted in triplets or more. 

Of these multiple pregnancies, 96-99% resulted in the 
births of live infants. The patient and her husband 
should be advised of the frequency and potential 
hazards of multiple pregnancy before starting 
treatment. 

Adverse Reactions: 

Symptoms 

Side effects are not prominent at the recommended 
dosage of clomiphene citrate, and infrequently inter- 
fere with treatment. Side effects tend to occur more 
frequently at higher doses and in the longer treatment 
courses used in some early studies. The more com- 
mon side effects and the percent of patients experi- 
encing them include vasomotor flushes (11%), 
abdominal discomfort (7.4%), abnormal uterine 
bleeding (0.5%), ovarian enlargement (14%), breast 
tenderness (2.1%), and visual symptoms (1.6%). The 
vasomotor symptoms resemble menopausal “hot 
flushes,” and are not usually severe. They promptly 
disappear after treatment is discontinued. Abdominal 
discomfort may resemble ovulatory (mittelschmerz) 
or premenstrual phenomena, or that due to ovarian 
enlargement. In addition, nausea and vomiting 
(2.1%), nervousness and insomnia (1.9%), headache 
(1%), dizziness and lightheadedness (1%), increased 
urination (0.9%), depression and fatigue (0.8%), urti- 
caria and allergic dermatitis (0.6%), weight gain 
(0.4%), and reversible hair loss (0.3%) have been 
reported. 

When clomiphene citrate is administered at the rec- 
ommended dose, abnormal ovarian enlargement 
(see PRECAUTIONS) is infrequent, although the usual 
cyclic variation in ovarian size may be exaggerated. 
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Similarly, mid-cycle ovarian pain (mittelschmerz) 
may be accentuated. With prolonged or higher dos- 
age, ovarian enlargement and cyst formation (usually 
luteal) may occur more often and the luteal phase of 
the cycle may be prolonged. Patients with polycystic 
ovary disease may be unusually sensitive to 
clomiphene therapy. Rare occurrences of massive 
ovarian enlargement have been reported, for exam- 
ple, in a patient with polycystic ovary syndrome 
whose clomiphene citrate therapy consisted of 100 
mg daily for 14 days, Since abnormal ovarian enlarge- 
ment usually regresses spontaneously, most of these 
patients should be treated conservatively. 

The incidence of visual symptoms (see WARNINGS for 
further recommendations), usually described as 
“blurring” or spots or flashes (scintillating scoto- 
mata), correlates with increasing total dose. The 
symptoms disappear within a few days or weeks after 
clomiphene citrate is discontinued. This may be due 
to intensification and/or prolongation of after- 
images. Symptoms often appear first, or are accentu- 
ated, upon exposure to a more brightly lit 
environment. While measured visual acuity has not 
generally been affected, in one patient taking 200 mg 
daily, visual blurring developed on the seventh day of 
treatment, and progressed to severe diminution of 
visual acuity by the tenth day. No other abnormality 
was coincident, and the visual acuity was normal by 
the third day after treatment was stopped. Ophthal- 
mologically definable scotomata and electroretino- 
graphic retinal function changes have also been 
reported. 

BSP Laboratory Studies 

Greater than 5% retention of sulfobromophthalein 
(BSP) has been reported in approximately 10to 20% of 
patients in whom it was measured. Retention was 
usually minimal but was elevated during prolonged 
clomiphene citrate administration or with apparently 
unrelated liver disease. In some patients, pre-existing 
BSP retention decreased even though clomiphene 
citrate therapy was continued. Other liver function 
tests were usually normal. 

Other Laboratory Studies 

Clomiphene citrate has not been reported to cause a 
significant abnormality in hematologic or renal tests, in 
protein bound iodine, or in serum cholesterol levels. 
Birth Defects 

Of 1803 births following clomiphene citrate adminis- 
tration, 45 infants with birth defects were reported for 
a cumulative rate of 2.5%. 

Six cases of Down's Syndrome, one neonatal death 
with multiple malformations and one case each of the 
following were reported: extropia, club foot, tibial 
torsion, blocked tear duct and hemangioma. The 
other congenital abnormalities were not described. 
The investigators did not report that these were 
presumed to be due to therapy. The cumulative rate of 
congenital abnormalities does not exceed that 
reported in the general population. 
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The challenge of change revisited 505 
Frank C. Greiss, Jr., MD 
Winston-Salem, North Carolina 


Effects of terbutaline sulfate on fetal cardiac function 509 
Ruth Petersen, MD, Laurence S. Carter, BS, Nancy C. Chescheir, MD, Vern L. Katz, MD, and 

Robert C. Cefalo, MD, PhD 

Chapel Hill, North Carolina 


After long-term exposure to terbutaline, guinea pig fetuses demonstrate myocardial 
adaptations that predispose them to impaired cardiac function. 


Analysis of fetal loss after transcervical chorionic villus sampling— A 513 
review of 719 patients 

Ronald V. Wade, MD, and S. Robert Young, PhD 

Columbia, South Carolina 


In a study of 714 patients, risk of fetal loss after transcervical chorionic villus sampling is 
associated with the increasing number of catheter insertions. 
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The role of ultrasonography and amniocentesis in the evaluation of 520 
pregnancies at risk for neural tube defects 


William A. Hogge, MD, Siva Thiagarajah, MD, James E. Ferguson II, MD, Patricia T. Schnatterly, MS, 
and Guy M. Harbert, Jr., MD 
Charlottesville, Virginia 


A study of 225 pregnancies suggests that targeted ultrasonography alone may be a reasonable 
evaluation alternative to amniocentesis in patients at risk for neural tube defects. 


The effects of vibroacoustic stimulation on baseline heart rate, breathing 524 
activity, and body movements of normal term fetuses 


Lawrence D. Devoe, MD, Nancy A. Searle, BA, David A. Ruedrich, MD, Ramon A. Castillo, MD, and 
William P. Metheny, PhD 
Augusta, Georgia 


Vibroacoustic stimulation of normal term fetuses results in brief elevation of fetal heart rate 
baseline without significant long-term effects on breathing or body movements. 


Seminoma in pubertal patient with androgen insensitivity syndrome 530 
W. Glenn Hurt, MD, Joann N. Bodurtha, MD, Janice B. McCall, MD, and 

M. Moinuddin Ali, MD 

Richmond, Virginia 


Complete androgen insensitivity and metastatic seminoma in a pubertal patient is reported. 


Successful pregnancy after a liver transplant 532 
Cynthia J. Sims, MD, Kathy B. Porter, MD, and Robert A. Knuppel, MD, MPH 
Tampa, Florida 


Uncomplicated pregnancy and delivery in a patient 35 months after liver transplantation are 
described. 
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A clinical-pathologic study of mixed miillerian tumors of the uterus over 533 
a 16-year period—The Medical College of Georgia experience 
Donald G. Gallup, MD, Donna S. Gable, MD, O. Eduardo Talledo, MD, and Luther B. Otken, Jr., MD 


Augusta, Georgia 


The outcome of 40 patients with mixed müllerian tumors of the uterus is correlated with 
demographic data, pathology, and treatment. 


Evaluation of surgical staples in a cesarean section 540 
Gene Burkett, MD, L. P. Jensen, MD, A. Lai, MD, M. J. O’Sullivan, MD, S. Yasin, MD, 

S. Beydoun, MD, and A. G. W. McLeod, MD 

Miami, Florida 


Absorbable staples reduced postoperative morbidity in cesarean section, but their use was not 
time-saving. 


Outpatient triplet management: A contemporary review 547 
Roger B. Newman, MD, Cheryl Hamer, RN, BS, and M. Clinton Miller, PhD 
Charleston, South Carolina 


A total of 198 triplet gestations were managed primarily on an outpatient basis and were 
delivered between 1985 and 1988 with a perinatal survival rate of 95%. 


Maternal mortality in North Carolina: A forty-year experience 555 
W. Joseph May, MD, and Frank C. Greiss, Jr., MD 
Winston-Salem, North Carolina 


Although the decrease in pregnancy-related death rates continues in North Carolina, variable 
trends in causal groups emerge and nonwhite/white relative risk remains high. 


Risk factors for intraamniotic infection: A prospective epidemiologic 562 
study 

David E. Soper, MD. C. Glen Mayhall, MD, and Harry P. Dalton, PhD 

Richmond, Virginia 


Logistic regression analysis identified four variables independently associated with 
intraamniotic infection. 


Short course of antibiotic therapy in treatment of postpartum 568 
endomyometritis 


Walter J. Morales, MD, PhD, Evan M. Collins, MD, Jeffrey L. Angel, MD, and 
Robert A. Knuppel, MD, MPH 
Orlando, Florida 


Through a prospective randomized study, short-course antibiotic therapy with combination 
tobramycin-clinidamycin was found safe and efficacious in the treatment of postpartum 
endomyometritis. 
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Subsequent fertility in women who undergo cardiac surgery 573 
Wallace C. Nunley, Jr., MD, Lisa A. Kolp, MD, Laura N. Dabinett, MD, James D. Kitchin HI, MD, 

Bruce G. Bateman, MD, and George B. Craddock, Jr., MD 

Charlottesville, Virginia 


There was no specific fertility problem identified in women who attempted conception after 
open heart surgery. 


Fertility after ectopic pregnancy 576 
Dorothy E. Mitchell, MD, Helen F. McSwain, MD, and Herbert B. Peterson, MD 
Atlanta, Georgia 


Clinical circumstances, including initial surgical procedure and postoperative 
hysterosalpingogram, are correlated with subsequent fertility. 


Effects of clomiphene citrate on episodic luteinizing hormone secretion 581 
throughout the menstrual cycle 

David F. Archer, MD, Glen Hofmann, MD, PhD, Robert Brzyski, MD, PhD, Barbara Ross, RN, BSN, 
Richard T. Scott, Jr., MD, Christine B. Philput, PhD, Sergio Oehninger, MD, and J. Catesby Ware, PhD 
Norfolk, Virginia 

Clomiphene citrate increased pituitary LH secretion in the follicular phase of normal women 

resulting in an increased serum LH level; the increased LH secretion was associated with an 

increased amplitude of each identified pulse but without a significant change in pituitary LH 

pulse frequency. 


TRANSACTIONS OF THE NINTH ANNUAL MEETING OF THE 
SOCIETY OF PERINATAL OBSTETRICIANS 





Management of women with one abnormal oral glucose tolerance test 593 
value reduces adverse outcome in pregnancy 
Oded Langer, MD, Akolisa Anyaegbunam, MD, Lois Brustman, MD, and Michael Divon, MD 


Bronx, New York 


Treatment of women with one abnormal value on the oral glucose tolerance test reduced fetal 
macrosomia and neonatal metabolic complications to an incidence comparable to that in the 
normal population. 


Routine umbilical cord blood gas determinations? 600 
James A. Thorp, MD, Jone E. Sampson, MD, Valerie M. Parisi, MD, MPH, and Robert K. Creasy, MD 
Houston, Texas 


Results of umbilical cord blood gas determinations in newborns of 1924 nulliparous women 
are presented and used as a basis for considering obtaining cord arterial pH values at all 
deliveries. 
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Comparison of six different ultrasonographic methods for predicting 606 
lethal fetal pulmonary hypoplasia 

Anthony M. Vintzileos, MD, Winston A. Campbell, MD, John F. Rodis, MD, David J. Nochimson, MD, 
Michael G. Pinette, MD, and Boris M. Petrikovsky, MD 

Farmington, Connecticut 


Of six different ultrasonographic methods, the chest area minus heart area/chest area ratio 
was found to have the best diagnostic accuracy in predicting lethal pulmonary hypoplasia. 


Prophylactic amnioinfusion during labor complicated by meconium: A 613 
preliminary report 

Yoel Sadovsky, MD, Erol Amon, MD, Mary E. Bade, BSMT, and Roy H. Petrie, MD, ScD 

St. Louis, Missouri 


Amnioinfusion decreases the frequency of thick meconium, neonatal acidemia, meconium 
below the vocal cords, and requirement for positive pressure ventilation during labor 
complicated by meconium. 


Lack of evidence of a vasodepressor role for relaxin in spontaneously 618 
hypertensive and normotensive pregnant rats 


Robert A. Ahokas, PhD, Baha M. Sibai, MD, and Garland D. Anderson, MD 
Memphis, Tennessee 


Bilateral ovariectomy (removal of the source of relaxin) does not prevent attenuation of 
angiotensin II pressor responsiveness and vasodilation in pregnant hypertensive or 
normotensive rats. 


Perinatal factors influencing atrial natriuretic peptide levels in umbilical 623 
arterial plasma at the time of delivery 


Lony C. Castro, MD, Chander P. Arora, PhD, Kay E. Roll, RN, Deborah A. Sassoon, MD, 
and Calvin J. Hobel, MD 
Los Angeles, California 


Atrial natriuretic peptide levels were higher in the umbilical artery than in the vein and were 
elevated in cases of preeclampsia and fetal distress. 


Impact of antenatal dexamethasone administration on respiratory 628 
distress syndrome in surfactant-treated infants 

Elaine E. Farrell, MD, Richard K. Silver, MD, Lois V. Kimberlin, RN, Eileen S. Wolf, RN, 

and Joanne M. Dusik, RN 

Evanston, Illinois 


An additive effect between antenatal dexamethasone and exogenous surfactant that reduced 
the incidence and severity of RDS was observed in this study; neonatal characteristics 
associated with a reduced incidence of RDS included singleton birth, delivery between 28 and 
32 weeks’ gestation, and male gender. 
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Cocaine abuse during pregnancy: Peripartum prevalence and perinatal 633 
outcome 
Mark G. Neerhof, DO, Scott N. MacGregor, DO, Sandy S. Retzky, DO, and Terence P. Sullivan, DO 


Chicago, Illinois 


In this study peripartum cocaine abuse was common, increased during the 2-year study 
period, and was associated with increased perinatal morbidity. 


Do the current standards for glucose tolerance testing in pregnancy 638 
represent a valid conversion of O’Sullivan’s original criteria? 

David A. Sacks, MD, Salim Abu-Fadil, MD, Jeffrey S. Greenspoon, MD, and Nick Fotheringham, PhD 
Bellflower and Los Angeles, California 


A formula converting whole blood glucose estimates by the Somogyi-Nelson method to 
plasma concentrations by the glucose oxidase method for use during pregnancy was 
empirically derived. 


How reliable is the fifty-gram, one-hour glucose screening test? 642 
David A. Sacks, MD, Salim Abu-Fadil, MD, Jeffrey S. Greenspoon, MD, and Nick Fotheringham, PhD 
Bellflower and Los Angeles, California 


A substantial proportion of gestational diabetes may go undiagnosed if reliance is placed on a 
single 1-hour, 50 gm glucose screening test. 


Glycemic control in gestational diabetes mellitus—How tight is tight 646 
enough: Small for gestational age versus large for gestational age? 

Oded Langer, MD, Judith Levy, MD, Lois Brustman, MD, Akolisa Anyaegbunam, MD, 

Ruth Merkatz, RN, and Michael Divon, MD 

Bronx, New York 


Targeting the level of glycemic control to an optimal range between 87 and 104 mg/dl in the 
management of women with gestational diabetes mellitus will result in neonatal size 
comparable to the general newborn population; thus undertreating and overtreating can result 
in intrauterine growth retardation and macrosomic fetuses. 


Maternal hemoglobin F levels may have an adverse effect on neonatal 654 
birth weight in pregnancies with sickle cell disease 

Akolisa Anyaegbunam, MD, Henny H. Billett, MD, Oded Langer, MD, Lois Brustman, MD, 

Claudia Berger, BA, Linda Wyse, MD, Ronald L. Nagel, MD, and Irwin R. Merkatz, MD 

Bronx, New York 


Although high maternal hemoglobin levels may be beneficial to the fetus, higher maternal 
hemoglobin F levels may have an adverse effect of neonatal birth weight. 


Pneumonia during pregnancy: Has modern technology improved maternal 657 
and fetal outcome? 
Nancy E. Madinger, MD, Jeffrey S. Greenspoon, MD, and A. Gray Ellrodt, MD 


Los Angeles, California 


A retrospective study of pneumonia during pregnancy revealed that maternal morbidity and 
preterm labor were frequent complications and that the rate of preterm delivery has not 
decreased in comparison with rates of earlier studies. 
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Comparison of predelivery versus postdelivery Kleihauer-Betke stains in 663 
cases of fetal death 
John Owen, MD, Charles M. Stedman, MD, and Tommy L. Tucker, MT(ASCP) 


Birmingham, Alabama 


The delivery process does not simulate a massive fetomaternal hemorrhage in cases of fetal 
death. 


Uterine rupture: Are intrauterine pressure catheters useful in the 666 
diagnosis? 

M. Hellen Rodriguez, MD, Damon I. Masaki, MD, Jeffrey P. Phelan, MD, and Fidelia G. Diaz, MA 

Los Angeles, California 


In reviewing 76 cases, the intrauterine pressure catheter was not found to be useful in the 
diagnosis of uterine rupture. 


The effect of continuous epidural analgesia on cesarean section for 670 
dystocia in nulliparous women 

James A. Thorp, MD, Valerie M. Parisi, MD, MPH, Peter C. Boylan, MB, and 

Dennis A. Johnston, PhD 

Houston, Texas 


Epidural analgesia in labor may increase the incidence of cesarean section. 


Can platelet volume predict progressive hypertensive disease in 676 
pregnancy? 

James J. Walker, MB, ChB, Alan D. Cameron, MB, ChB, Steingrimur Bjornsson, MD, 

Charles R. J. Singer, MB, ChB, and Carol Fraser, FMILS 

Glasgow, Scotland 


This study shows that the use of mean platelet volume as a screening test for development of 
pregnancy-induced hypertension is of no value in the low-risk population, but a rise of mean 
platelet volume of at least 1 fl does appear to predict patients within a high-risk population 
who will progress to severe preeclampsia. 


Measurement of cardiac output in pregnancy by thoracic electrical 680 
bioimpedance and thermodilution 

Damon I. Masaki, MD, Jeffrey S. Greenspoon, MD, and Joseph G. Ouzounian, BS 

Los Angeles, California 


Thoracic electrical bioimpedance and thermodilution estimates of cardiac output correlated 
well (+20%) in eight of nine peripartum patients for whom comparison was valid. 


In utero cocaine exposure: Observations of fetal behavioral state may 685 
predict neonatal outcome 

Roderick F. Hume, Jr., MD, Maj, MC, USA, Karen J. O’Donnell, PhD, Cathi L. Stanger, RN, 

Allen P. Killam, MD, and Jeannine L. Gingras, MD 

Durham, North Carolina 


Ultrasonographic observation of altered fetal behavioral state organization and regulation 
successfully predicted abnormal neonatal behavior in perinates who were exposed to cocaine in 
utero. 
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In utero diagnosis of benign fetal macrocephaly 

Robert DeRosa, MD, Roger R. Lenke, MD, Thaddeus W. Kurezynski, MD, 
Wayne H. Persutte, BS, RDMS, and Joanne M. Nemes, RNC, BSN 
Toledo, Ohio 


A case of benign familial macrocephaly was diagnosed prenatally by serial ultrasonographic 
evaluations and family history. 


Rapid determination of fetal sex by deoxyribonucleic acid amplification 
of Y chromosome-specific sequences 
Thomas L. Pinckert, MD, Roger V. Lebo, PhD, and Mitchell S. Golbus, MD 


San Francisco, California 


The polymerase chain reaction sex test amplifies and identifies male-specific sequences to 
quickly and correctly determine fetal sex. 


“Possibly” de novo translocations: Prenatal risk counseling 
E. Robert Wassman, MD, Debra L. Cheyovich, DrPH, and Yasunori Nakahara, MD 
Pasadena, California 


Apparently balanced translocations found incidentally at prenatal diagnosis in a large series 
show little difference in outcome from normal, but conservative counseling should be done. 


Amniotic fluid acetylcholinesterase ratios in prenatal diagnosis of fetal 
abnormalities 

JoAnn C. Kelly, PhD, Elizabeth Petrocik, and E. Robert Wassman, MD 

Pasadena, California 


The ratio of amniotic fluid acetylcholinesterase in pseudocholinesterase is useful in 
differentiating pregnancies with neural tube defects, ventral wall defects, blood contamination, 
and other problems. 


Effect of diagnostic and therapeutic cordocentesis on maternal serum 
a-fetoprotein concentration 

Carl Weiner, MD, Stanley Grant, RN, Jerry Hudson, PhD, Roger Williamson, MD, and 
Katharine Wenstrom, MD 

Iowa City, Iowa 


Maternal serum a-fetoprotein rose after cordocentesis to a similar degree for that reported 
after amniocentesis. 


Two hundred intrauterine exchange transfusions in severe blood 
incompatibilities 

Marie-Héléne Poissonnier, MD, Yves Brossard, MD, Nicole Demedeiros, MD, 
Juliana Vassileva, MD, Françoise Parnet, MD, Marc Larsen, MD, 

Monique Gosset, Jacques Chavinie, MD, and Jacques Huchet, MD 

Paris, France 


Sixty severely anemic fetuses and 47 with hydrops were treated with a success rate of 91.6% 
and 61.7%, respectively. 
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Normal values for human umbilical venous and amniotic fluid pressures 714 
and their alteration by fetal disease 

Carl P. Weiner, MD, Joni Heilskov, RN, Gay Pelzer, RN, Stanley Grant, RN, 

Katharine Wenstrom, MD, and Roger A. Williamson, MD 

Iowa City, Iowa 


Human amniotic fluid and fetal umbilical venous pressure are altered by a variety of 
spontaneously occurring disorders. 


Ovine fetal cardiorespiratory response to nicardipine 718 
R. Harold Holbrook, Jr., MD, Ellen M. Voss, BS, and Ronald N. Gibson, BS 
Stanford, California 


Direct administration of the calcium antagonist nicardipine to the ovine fetus was not 
associated with the significant cardiorespiratory changes previously reported with maternal 
administration. 


Effect of prolonged hypoxemia on fetal heart rate accelerations and 722 
decelerations in sheep 

Alan D. Bocking, MD, Susan White, BSc, Robert Gagnon, MD, and Howard Hansford 

London, Ontario, Canada 


Hypoxemia was maintained for 24 hours in fetal sheep by restricting uterine blood flow, 
which led to an initial increase in the number of fetal heart rate accelerations and 
decelarations followed by a return to normal patterns by 12 to 16 hours. 


Prolonged hyperinsulinemia reduces plasma fatty acid levels in the major 728 
lipid groups in fetal sheep 

Paul L. Ogburn, Jr., MD, Marshall Goldstein, MD, Jane Walker, BS, and Barbara S. Stonestreet, MD 
Providence, Rhode Island 


Prolonged infusion of insulin into fetal sheep lowered the major plasma fatty acid levels (with 
the exception of linoleic acid) in triglycerides, phospholipids, and nonesterified fatty acids. 


Pharmacokinetics of azidothymidine during late pregnancy in Long-Evans 732 
rats 

B. B. Little, MA, PhD, R. E. Bawdon, PhD, J. T. Christmas, MD, S. Sobhi, BS, and 

L. C. Gilstrap II, MD 

Dallas, Texas 


Placental transfer of azidothymidine was studied in pregnant rats and was found to 
equilibrate rapidly into the fetal compartment but at levels significantly lower than initial 
maternal levels. 


Ultrastructural aspects of preeclampsia. |. Placental bed and uterine 735 
boundary vessels 
Douglas R. Shanklin, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


Direct-vision uterine biopsies obtained at cesarean section or from section hysterectomy 
showed extensive ultrastructural endothelial injury in patients with preeclampsia but not in 
normotensive patients. 
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Birth weight prediction from remote ultrasonographic examination 742 
Joseph A. Spinnato, MD, Robert D. Allen, and Hiram W. Mendenhall, MD 
Mobile, Alabama 


Five existing static equations were remodeled to permit birth weight estimates from remote 
ultrasonographic parameters. 


Dating the early pregnancy by sequential appearance of embryonic 747 
structures 

Wendy B. Warren, MD, Ilan Timor-Tritsch, MD, David B. Peisner, MD, Sashi Raju, and 

Mortimer G. Rosen, MD 

New York, New York 


The transvaginal sonographic appearance of embryonic structures was used as a method of 
dating the early first-trimester pregnancy. 


Macrosomia in the postdate pregnancy: Is routine ultrasonographic 753 
screening indicated? 

Judith L. Chervenak, MD, Michael Y. Divon, MD, Jordan Hirsch, MD, Barbara A. Girz, DO, 

and Oded Langer, MD 

Bronx, New York, and Newark, New Jersey 


Ultrasonographic screening for macrosomia may be a valuable adjunct to current fetal 
surveillance protocols used in the postdate pregnancy. 


Discordant twins—A prospective study of the diagnostic value of TST 
real-time ultrasonography combined with umbilical artery velocimetry 

Michael Y. Divon, MD, Barbara A. Girz, DO, Avi Sklar, MD, Denise A. Guidetti, MD, 

and Oded Langer, MD 

Bronx, New York 


The presence of either a 15% difference in ultrasonographic estimates of fetal weight or a 15% 
difference in systolic/diastolic ratios correctly identified 78% of discordant pairs. 


Doppler umbilical artery waveform indices—Normal values from fourteen 761 
to forty-two weeks 

Susan K. Hendricks, MD, Tanya K. Sorensen, MD, Keith Y. Wang, MD, PhD, 

Jeanette M. Bushnell, MSN, Elaine M. Seguin, RNC, and Rosalee W. Zingheim, BSN 

Seattle, Washington 


Fetal velocimetry was performed in 590 low-risk cases and normal values are reported for 14 
to 42 weeks’ gestation. 


Screening with Doppler velocimetry in labor 765 
Leonard Feinkind, MD, Ovadia Abulafia, MD, Isaac Delke, MD, Joseph Feldman, MD, 

and Howard Minkoff, MD 

Brooklyn, New York 


Doppler velocimetry in 273 laboring patients was correlated with the nonstress test result on 
presentation and was predictive of fetal outcome. 
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The effect of magnesium sulfate tocolysis on the fetal biophysical profile 771 
Alan M. Peaceman, MD, Bruce A. Meyer, MD, James A. Thorp, MD, Valerie M. Parisi, MD, MPH, 

and Robert K. Creasy, MD 

Houston, Texas 


Magnesium sulfate tocolysis causes nonreactive nonstress testing and cessation of breathing 
movements in a significant number of fetuses, without affecting tone, movements, or amniotic 
fluid volume. 


Controlled trial of hydration and bed rest versus bed rest alone in the 775 
evaluation of preterm uterine contractions 


Richard A. Pircon, MD, Howard T. Strassner, MD, Donna S. Kirz, MD, and Craig V. Towers, MD 
Orange and Long Beach, California, and Chicago, Illinois 


The use of hydration as a therapy to differentiate those with true preterm labor from those 
with false preterm labor could not be supported. 


Fetal heart rate patterns in the small-for-gestational-age human fetus 779 
Robert Gagnon, MD, Cora Hunse, RN, and Alan D. Bocking, MD 
London, Ontario, Canada 


Currently used criteria for nonstress testing may not be clinically applicable in 
growth-retarded human fetuses. 


Impact of residual amniotic fluid volume in patients receiving parenteral 784 
tocolysis after premature rupture of the membranes 


Richard K. Silver, MD, Scott N. MacGregor, DO, and Edward D. Hobart 
Evanston, Illinois 


Diminished residual amniotic fluid volume in patients with premature membrane rupture who 
are receiving tocolytic therapy is associated with a significant decrease in latency. 


Cardiovascular and metabolic effects associated with nifedipine and 788 
ritodrine tocolysis r 

James E. Ferguson II, MD, Donald C. Dyson, MD, R. Harold Holbrook, Jr., MD, 

Thomas Schutz, BA, and David K. Stevenson, MD 

Santa Clara and Stanford, California 


Cardiovascular and metabolic effects of nifedipine or ritodrine tocolysis were compared; 
minimal effects were noted when nifedipine was used. 


Prolactin levels in umbilical cord blood of human infants: Relation to 795 
gestational age, maternal complications, and neonatal lung function 


C. Richard Parker, Jr., PhD, Paul C. MacDonald, MD, David S. Guzick, MD, John C. Porter, PhD, 
Charles R. Rosenfeld, MD, and John C. Hauth, MD 
Birmingham, Alabama, and Dallas, Texas 


In a study involving 543 infants, 361 of whom were preterm, subnormal serum prolactin levels 
were found in infants who developed respiratory distress syndrome. 
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Amniotic fluid leukotaxis assay as an early indicator of chorioamnionitis 802 
Glenn A. Pankuch, BS, Peter H. Cherouny, MD, John J. Botti, and Peter C. Appelbaum, MD, PhD 
Hershey, Pennsylvania 


Detection of leukoattractants in amniotic fluid correlates more accurately with histologic 
chorioamnionitis than culture, gas-liquid chromatography, and Gram stain. 


Evidence relating bacterial vaginosis to intraamniotic infection 808 
Helayne M. Silver, MD, Rhoda S. Sperling, MD, Patricia J. St. Clair, BA, and Ronald S. Gibbs, MD 
San Antonio, Texas 


In a two-part study, we provide evidence that links bacterial vaginosis with clinically evident 
intraamniotic infection. 


The incidence of positive amniotic fluid cultures in patients in preterm 813 
labor with intact membranes 
M. Amanda Skoll, MD, Michael L. Moretti, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


Amniotic fluid cultures were performed on 127 women in preterm labor with intact 
membranes; positive cultures were found in 5.5%. 


Infection and labor. V. Prevalence, microbiology, and clinical significance 817 
of intraamniotic infection in women with preterm labor and intact 

membranes 

Roberto Romero, MD, Marina Sirtori, MD, Enrique Oyarzun, MD, Cecilia Avila, MD, 

Moshe Mazor, MD, Robert Callahan, BS, Virginia Sabo, MSN, Apostolos Athanassiadis, MD, 

and John C. Hobbins, MD 

New Haven, Connecticut 


Intraamniotic infection is present in one of every five women with preterm labor and intact 
membranes who is delivered of a preterm newborn. 


Diagnosis of birth asphyxia based on fetal pH, Apgar score, and newborn 825 
cerebral dysfunction 

Larry C. Gilstrap III, MD, Kenneth J. Leveno, MD, Jody Burris, RN, M. Lynne Williams, RN, 

and Bertis B. Little, PhD 

Dallas, Texas 


It is inappropriate to diagnose birth affixia unless the infant is severely depressed (1- and 
5-minute Apgar scores of <3) and has severe metabolic acidosis at birth (umbilical artery 
blood pH <7.000). 


First-trimester midgut herniation: A high-frequency transvaginal 831 
sonographic study 

Ilan E. Trimor-Tritsch, MD, Wendy B. Warren, MD, David B. Peisner, MD, and Exenia Pirrone, LPN 

New York, New York 


The physiologic midgut herniation can reliably be detected between 8 and 12 menstrual weeks 
by high-frequency transvaginal sonography. 
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Calcium every day 
Aerobics every week 


Bone loss every year 


She needs PREMARIN to help 
prevent further bone loss 


Calcium’ and exercise are not enough to prevent post- 
menopausal osteoporosis, since estrogen deficiency is the 
primary cause.* PREMARIN is the only brand of estrogen 
indicated to prevent further bone loss and in a recently 
published study has been shown to reduce the risk of 

hip fractures by as much as 66%.° 


Early PREMARIN therapy 
offers the best protection 


The most significant rate of bone loss occurs in early 
menopause. PREMARIN can help maintain bone mass, 


preventing the progression of osteoporosis and 
its consequences. 


Protection continues as long as 
estrogen therapy continues 


Clinical studies show that within three years of menopause 
when therapy is withdrawn, bone loss begins again.* 


PREMARIN 


(conjugated estrogens tablets) 


Proven benefits 
for menopause and beyond 


See important information on adjacent page. 


For moderate-to-severe 
vasomotor symptoms and 
for osteoporosis 


PREMARIN’ 


(conjugated estrogens tablets) 


0.3mg 0.625mg 0.9mg 1.25 mg 2.5 mg 


The appearance of these tablets is a trademark of Wyeth-Ayerst Laboratories. 





A aati (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE PACKAGE 


PREMARIN® Brand of conjugated estrogens tablets, USP 
PREMARIN® Brand of conjugated estrogens Vaginal Cream, in a nonliquetying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA 
Three independent, case-controlled studies have reported an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for more than one year. This risk was independent 
of the other known risk factors for endometrial cancer. These studies are further supported by the finding 
that incidence rates of endometrial cancer have increased sharply since 1969 in eight different areas of the 
United States with population-based cancer reporting systems, an increase which may be related to the 
rapidly expanding use of estrogens during the last decade. The three case-controlled studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 times greater than in nonusers. The 
risk appears to depend on both duration of treatment and on estrogen dose. In view of these findings, when 
estrogens are used for the treatment of menopausal symptoms, the lowest dose that will control symptoms 
should be utilized and medication should be discontinued as soon as possible. When prolonged treatment 
is medically indicated, the patient should be reassessed on at least a semi-annual basis to determine the 
need tor continued i go Although the evidence must be considered preliminary, one study suggests that 
cyclic administration of low doses of estrogen may carry less risk than continuous administration; it 
therefore appears prudent to utilize such a regimen. Close clinical surveillance of all women taking 
estrogens is important. In all cases of undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic Measures should be undertaken to rule out malignancy. There is no evidence at present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi-estrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 


The use of female sex hormones, both estrogens and progestogens, during early pregnancy may seriously 
damage the offspring, It has been shown that females exposed in utero to i do ae a nonsteroidal 


estrogen, have an increased risk of developing, in later life, a form of vaginal or cervical cancer that is 
ordinarily extremely rare. This risk has been estimated as not greater than 4 per 1,000 exposures 
Furthermore, a high percentage of such exposed women (from 30% to 90%) have been found to have 
vaginal adenosis, epithelial changes of the vagina and cervix. Although these changes are histologically 
benign, it is not known whether they are precursors of malignancy. Although similar data are not available 
with the use of other estrogens, it cannot be presumed they would not induce similar changes. Several 
feports suggest an association between intrauterine exposure to female sex hormones and congenital 
anomalies, including congenital heart defects and limb-reduction defects. One case-controlled study 
estimated a 4.7-fold increased risk of limb-reduction defects in infants exposed in utero to sex hormones 
(oral contraceptives, hormone withdrawal tests for pregnancy, or attempted treatment tor threatened 
abortion). Some of these exposures were very short and involved only a tew days of treatment. The data 
suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 per 1,000. In the 
past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications, and there is no 
evidence from well-controlled studies that progestogens are effective for these uses. If PREMARIN is used 
during pregnancy, or if the patient becomes pregnant while taking this drug, she should be apprised of the 
Potential risks to the fetus, and the advisability of pregnancy continuation 


DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained exclusively 
from natural sources, blended to represent the average composition of material derived trom pregnant mares 
urine. It contains estrone, equilin, and 17a-dihydroequilin, together with smaller amounts of 17c-estradiol, 
equilenin, and 17c-dihydroequilenin as salts of their sulfate esters. Tablets are available in 0.3 mg, 0.625 mg, 0.9 
mg, 1.25 mg, and 2.5 mg strengths of conjugated estrogens. Cream is available as 0.625 mg conjugated 
estrogens Bu gram. 

INDICATIONS AND USAGE: PREMARIN (conjugated estrogens tablets, USP): Moderate-to-severe vasomotor 
symptoms associated with the menopause. (There is no evidence that estrogens are effective for nervous 
symptoms or depression without associated vasomotor symptoms and they should not be used to treat such 
conditions.) Osteoporosis (abnormally low bone mass). Atrophic vaginitis. Kraurosis vulvae. Female castration 
; PREMARIN (conjugated REN Vaginal Cream is indicated in the treatment of atrophic vaginitis and 
raurosis vulvae. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS 
USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED WARNING), 

CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the following conditions. 
1. Known or suspected cancer of the breast except in ane selected patients being treated for metastatic 
disease. 2. Known or suspected estrogen-dependent neoplasia. 3. Known or suspected pregnancy (see Boxed 
Warning). 4. Undiagnosed abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders 
6. A past history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use (except when used in treatment of breast or prostatic malignancy) 

WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see Boxed Warning). 
However, a recent large, case-controlled study indicated no increase in risk of breast cancer in postmenopausal 
women. A recent study has reported a 2- to 3-fold increase in the risk of surgically confirmed gallbladder disease 
in women receiving postmenopausal estrogens. 

Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used to treat prostatic or 
breast cancer or postpartum breast engorgement; it has been shown that there is an increased risk of thrombosis 
in men receiving estrogens for prostatic cancer and women for postpartum breast engorgement. Users of oral 
Contraceptives have an increased risk of diseases, such as thrombophlebitis, pulmonary embolism, stroke, and 
myocardial infarction. Cases of retinal thrombosis, mesenteric thrombosis, and optic neuritis have been reported 
in oral contraceptive users, An increased risk of postsurgery thromboembolic complications has also been 
reported in users of oral contraceptives. If feasible, estrogen should be discontinued at least 4 weeks betore 
surgery of the type associated with an increased risk of thromboembolism, or during periods of prolonged 
immobilization. Estrogens should not be used in persons with active thrombophlebitis, thromboembolic 
disorders, or in persons with a history of such disorders in association with estrogen use. They should be used 
with caution in patients with cerebral vascular or coronary artery disease. Large doses (5 mg conjugated 
estrogens per day), comparable to those used to treat cancer of the prostate and breast, have been shown to 
increase the risk of nontatal myocardial infarction, pulmonary embolism, and thrombophlebitis. When doses of 
this size are used, any of the thromboembolic and thrombotic adverse effects should be considered a clear risk. 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain and tenderness, 
abdominal mass, or hypovolemic shock. Hepatocellular carcinoma has been a rol in women taking estrogen- 
Containing oral contraceptives. Increased blood pressure may occur with use of estrogens in the menopause and 
blood pressure should be monitored with estrogen use. A worsening of glucose tolerance has been observed in 
patients on estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
observed. Targan may lead to severe Mpera hal in patients with breast cancer and bone metastases. 
PRECAUTIONS: Physical examination and a complete medical and taniy history should be taken prior to the 
initiation of any estrogen therapy with special reference to blood pressure, breasts, abdomen, and pelvic organs, 
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and should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed tor longer than 
one year without another physical examination being performed. Conditions influenced by fluid retention, such 
as asthma, epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients may 
develop manifestations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding, 
Mastodynia, etc. Prolonged administration of unopposed estrogen therapy has been reported to increase the risk 
of endometrial hyperplasia in some patients. Oral contraceptives appear to be associated with an increased 
incidence of mental depression. Patients with a history of depression should be carefully observed. Pre-existing 
uterine leiomyomata may increase in size during estrogen use. The pathologist should be advised of estrogen 
therapy when relevant specimens are submitted. If jaundice develops in any patient receiving estrogen, the 
medication should be discontinued while the cause is investigated. Estrogens should be used with care in 
Patients with impaired liver function, renal insufficiency, metabolic bone diseases associated with hypercalcemia, 
Or in young patients in whom bone growth is not yet complete. If concomitant progestin therapy is used, potential 
risks may include adverse effects on carbohydrate and lipid metabolism 

Concomitant Progestin Use: The lowest effective dose appropriate for the specific indication should be 
utilized. Studies of the addition of a progestin for 7 or more days of a cycle of estrogen administration have 
feported a lowered incidence of endometrial hyperplasia. Morphological and biochemical studies of the 
endometrium suggest that 10 to 13 days of progestin are needed to provide maximal maturation of the 
endometrium and to eliminate any hyperplastic changes. Whether this will provide protection from endometrial 
Carcinoma has not been clearly established. There are possible additional risks which may be associated with the 
inclusion of progestin in estrogen replacement regimens. The choice of progestin and dosage may be important in 
minimizing possible adverse effects 

The following changes may be expected with larger doses of estrogen 

a, Increased sultobromophthalein retention 

b. Increased prothrombin and tactors VII, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. 

c. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone. as 
measured by PBI, T4 by column, or T4 by radioimmunoassay. Free T} resin uptake is decreased, reflecting the 
elevated TBG; free A concentration is unaltered 

d. Impaired glucose tolerance 

e. Decreased pregnanediol excretion. 

t. Reduced response to metyrapone test 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration 

As a general principle, the administration of any drug to nursing mothers should be done only when clearly 
Necessary since many drugs are excreted in human milk 

Long-term, continuous administration of natural and synthetic estrogens in certain animal species increases 
the frequency of carcinomas of the breast, cervix, vagina, and liver. However, in a recent, large case-controlled 
study of postmenopausal women there was no increase in risk of breast cancer with use of conjugated estrogens 
ADVERSE REACTIONS: The following have been reported with estrogenic therapy, including oral con- 
traceptives: breakthrough bleeding, spotting, change in menstrual flow; dysmenorrhea, premenstrual-like 
syndrome, amenorrhea during and after treatment, increase in size of uterine fibromyomata; vaginal candidiasis, 
change in cervical erosion and in degree of cervical secretion; cystitis-like syndrome, tenderness, enlargement, 
secretion (of breasts). nausea, vomiting, abdominal cramps, bloating; cholestatic jaundice; chloasma or 
melasma which may persist when drug is discontinued; erythema multiforme: erythema nodosum; hemorrhagic 
eruption; loss of scalp hair; hirsutism; steepening of corneal curvature; intolerance to contact lenses; headache, 
migraine, dizziness, mental depression, chorea; increase or decrease in weight; reduced carbohydrate tolerance; 
aggravation of porphyria, edema; changes in libido 
ACUTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females 
DOSAGE AND ADMINISTRATION: 

PREMARIN® Brand of conjugated estrogens tablets, USP 

1. Given cyclically for short-term use only. For treatment of moderate-to-severe vasomotor Haas atrophic 
vaginitis, or kraurosis vulvae associated with the menopause (0.3 mg to 1.25 mg or more daily). The lowest dose 
that will control symptoms should be chosen and medication should be discontinued as promptly as possible. 
Administration should be cyclic (eg, three weeks on and one week off). Attempts to discontinue or taper 
Medication should be made at three- to six-month intervals 

2. Given cyclically: Osteoporosis. Female castration. Osteoporosis —0.625 mg daily. Administration should be 
cyclic (eg, three weeks on and one week off). Female castration—1.25 mg daily, cyclically. Adjust upward or 
downward according to response of the patient. For maintenance, adjust dosage to lowest level that will provide 
effective control 

Patients with an intact uterus should be monitored for signs of endometrial cancer and appropriate measures 
taken to rule out malignancy in the event of persistent or recurring abnormal vaginal bleeding 
PREMARIN® Brand of conjugated estrogens Vaginal Cream 
Given cyclically for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae 

The lowest dose that will control symptoms should be chosen and medication should be discontinued as 
promptly as possible 

Administration should be cyclic (eg, three weeks on and one week off) 

Attempts to discontinue or taper medication should be made at three- to six-month intervals 

Usual dosage range: 2 g to 4 g daily, intravaginally, depending on the severity of the condition 

Treated patients with an intact uterus should be monitored closely for signs of endometrial cancer and 
appropriate diagnostic measures should be taken to rule out malignancy in the event of persistent or recurring 


abnormal vaginal bleeding ‘ APENE 
evised October 
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Editorial policies 

The requirements for manuscripts submitted to the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
conform to the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” established by the 
International Committee of Medical Journal Editors and 
published in Annals of Internal Medicine 1988;108:258- 
65. Certain requirements unique to our JOURNAL are 
provided in Information for Authors, published in each 
issue of the JOURNAL, and in more detail in the Guide to 
Writing for the American Journal of Obstetrics and 
Gynecology. The latter may be obtained from The C.V. 
Mosby Company or the Editors on request. 

Manuscript submission. Manuscripts should be submit- 
ted to one of the three Editors as follows: 

1. Dr. Brewer—all manuscripts originating from the 
southeastern quadrant of the United States or Canada and 
those presented before one of the official sponsoring 
societies, except the Society for Gynecologic Investigation 
and The Society of Perinatal Obstetricians. 

2. Dr. Zuspan—manuscripts from the northeastern 
quadrant of the United States and from Japan, Israel, 
Italy, and England, manuscripts written for Clinical Opin- 
ion and Current Development, and Letters to the Editors. 
Dr. Zuspan is responsible for manuscripts from The 
Society of Perinatal Obstetricians. Manuscripts from The 
Society of Perinatal Obstetricians should be submitted to 
Dr. John A. Read, 9102 Lake Steilacoom Point Road, 
S.W., Tacoma, WA 98498. 

3. Dr. Quilligan—manuscripts from the north central 
states (including Ohio), states west of the Mississippi 
River, Hawaii, Alaska, and abroad (except Japan, Israel, 
Italy, and England). Dr. Quilligan is responsible for 
manuscripts from the Society for Gynecologic Investiga- 
tion. Manuscripts from the Society for Gynecologic Inves- 
tigation should be submitted to Dr. Roger A. Lobo, 
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1M2, Los Angeles, CA 90033. 

Author’s designation of reviewers. When authors submit 
their manuscripts, they may provide the names and ad- 
dresses of three reviewers for consideration by the Editors. 

Copyright statement. Effective July 1, 1988, all manu- 
scripts must be accompanied by the following written 
statement, signed by all authors: “The undersigned 
author(s) transfers all copyright ownership of the manu- 
script [title of article] to The C.V. Mosby Company in the 
event the work is published. The undersigned author(s) 
warrants that the article is original; is not under consider- 
ation by another publication; and its essential substance, 
tables, or figures have not been previously published. This 
restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The 
author(s) confirms the final manuscript has been read and 
each author’s contribution has been approved by the 
appropriate author. The author(s) responsible for the 
manuscript must be identified.” 

Previous publication. If a report by the same author(s) 
has been previously published in any medium that deals in 
any respect whatever with the same patients, same ani- 
mals, same laboratory experiments, or same data, in part 
or in full, as those reported in the manuscript being 
submitted, two reprints of the article or two copies of the 
manuscript, be it a full-length report or an abstract, must 
be submitted with the manuscript. The author(s) should 
inform the Editor of the circumstances of the two reports. 
This requirement also applies to the submission of a 
manuscript in which a few different patients, animals, 
laboratory experiments, or data were added to those 
reported in a previous publication or in a submitted or 
accepted manuscript. Articles previously published in 
another language will not be considered. 

Human and animal experimentation. It is assumed by the 
Editors that manuscripts emanating from a particular 


institution are submitted with the approval of the requisite 
authority. Human experimentation that requires local 
institutional approval must have this approval before the 
experiment is started and approval must be so indicated in 
the Methods section of the submitted manuscript. Reports 
of experiments on animals must state in the Methods 
section of the manuscript that the guidelines for the care 
and use of the animals approved by the local institution 
were followed. 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship 
list of a report is based only (1) on substantial contribu- 
tions to (a) concept and design, or analysis and interpreta- 
tion of data and (b) drafting the manuscript or revising it 
critically for important intellectual content; and (2) on 
final approval by each author of the version of the 
manuscript. Conditions | (a and b) and 2 must both be 
met. Others contributing to the work should be recognized 
separately in an Acknowledgment. In the covering letter 
that accompanies the submitted manuscript, it must be 
confirmed that all authors fulfilled both conditions. 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a conflict of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the 
consultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript is 
accepted, the author and the Editor will determine how best 
to release the information. The usual and customary listing 
of sources of support and institutional affiliations on the 
title page is proper and does not imply a conflict of interest; 
only where there is a possible conflict of interest is the 
author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or publisher, and 
the Editor(s) and publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guaran- 
tee any claim made by the manufacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of glossy prints of illustrations 
are required. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing 
purposes); author line with first name, middle initial, and 
last name of each author and each author’s highest 
academic degree (both MD and PhD are acceptable); 
city(ies), state(s) in which the study was conducted; 
divisional, or departmental, and institutional affiliations at 
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the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
name, address, and business and home telephone numbers 
of author to whom requests for reprints should be 
addressed (if reprints will not be available, it should be so 
stated); and name, address, and business and home tele- 
phone numbers of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
of the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) 
of author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rather 
than on the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it 
is a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 


accordingly. 


observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 
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For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. /f a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 
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the legend, not on the print. Original magnifications 
should be provided. Zf an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
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“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V. Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 

Checklist 

—Letter of submission 

—Copyright transfer letter 

—Copies of other manuscripts containing duplicated data 
(see paragraph “Previous Publication”) 

—Original and two photocopies of manuscript 

—Title page 

—Title of article 

—Full name(s), highest academic degree(s), and affili- 
ations of author(s) 

—Line citing financial support 

—Author to whom correspondence is to be sent, includ- 
ing address and business and home telephone numbers 

—Reprint requests line or line stating reprints not 
available 

—Short title 
—Condensation (double-spaced) 

—Abstract (double-spaced), 3 to 5 key words/phrases 
—Article proper (double-spaced) 

—References (double-spaced), on a separate sheet 
—Legends (double-spaced), on a separate sheet 
—Tables (double-spaced), on a separate sheet 

— Illustrations, properly labeled (three sets of glossy prints) 
—Permission to reproduce published material 
—Informed consent for patient photographs 


MATERNAL-FETAL MEDICINE OPPORTUNITIES 


Representative sample of our ongoing opportunities nationwide 


CALIFORNIA: 
Private Practice Partnership 


794 M/F - Outstanding partnership opportunity in central 
California to assist the current perinatologist in develop- 
ing a regional perinatal center and network based at a 
modern 450-bed full service community hospital with 
over 5,000 deliveries annually. Candidates with a keen 
interest in ultrasound, genetic procedures, UBS, and 
teaching should explore this opportunity. There is a docu- 
mented service area of over two million residents, and 
you are only one hour from Yosemite and a pleasant drive 
to the Pacific Shores. 


COLORADO: 
Hospital-Based/Private Practice 


772 M/F - A 328-bed premier Denver area hospital is 
seeking a perinatologist to complement their 40 active 
OB/GYN’s and full range of obstetrical services. Docu- 
mented service area is over 800,000 with annual deliver- 
ies of 4,200. Level Ill NICU expanding to 20 beds. Cover- 
age provided by other perinatologists with potential for 
formal associations. Amenities include the sophistication 
of a cosmopolitan city, yet minutes away from fantastic 
skiing, mountain climbing and unlimited water sports. 


IDAHO: 
Hospital-Based/Private Practice 


631 M/F - Opportunity to become the second perinatolo- 
gist in southeastern Idaho, and to affiliate with a 300-bed 
regional medical center (Level Ill NICU) which provides a 
statewide perinatal outreach program. Service area en- 
tails 400,000 with over 3,200 annual deliveries. If you 
enjoy snow skiing, hiking, white water rafting, anda quality 
of lifestyle like no other, please inquire. 


Voluntary Hospitals of America 

e Over 800 hospitals in 45 states 

e Excellent financial and comprehensive benefit 
packages 

e No cost or obligation for our services 


MISSOURI: 

Associate/Private Practice 

898 M/F - A well-established perinatologist in southwest- 
ern Missouri is seeking an associate to join a thriving 
practice, affiliated with a state-of-the-art 505-bed regional 
referral center. Service area encompasses over 700,000. 
Facility has a 52-bed NICU staffed by four neonatologists 
and a neonatal transport is in place (over 700 admissions 
per year). Excellent compensation package with long- 
term growth potential. 


OHIO: 
Faculty Position/Hospital-Based 


831 M/F - A 814-bed regional tertiary care center, in 
conjunction with the Medical College of Ohio, is seeking 
their second perinatologist. This is a salaried faculty 
appointment with the option of flexible private practice 
capability. The position provides an excellent opportunity 
to satisfy your professional academic desires within a 
modern Level Ill women and children’s center, located in 
a stable northwestern Ohio lakeshore community. 


MASSACHUSETTS: 
Full-Time Faculty Position 


973 OB/GYN/M/F - A 900-bed tertiary care regional 
referral center in Western Massachusetts is seeking their 
third perinatologist. This prestigious institution in the 
designated western campus of Tufts University School of 
Medicine. The facility has an encatchment area of over 
1,000,000 people and it has the second largest maternity 
unit in the state with over 6,000 deliveries a year. There 
were 220 transfer deliveries last year and this service con- 
tinues to grow rapidly. The OB/GYN department owns its 
own ultrasound equipment (ATL Mark 9) which is housed 
in the department, plus two full-time technicians and a 
computerized data base system. The 600 member medi- 
cal staff is comprised of a full array of subspecialties plus 
nurse midwives and 20 OB/GYN residents. Anew woman 
& children’s center will be completed in early 1991. Com- 
petitive compensation with full benefit package is being 
offered. 


For further information, please forward your 
curriculum vitae and/or call 
the toll-free number listed below. 


Susan Panther 
Physician Placement Specialist 


1-800-626-1857 
VHA. 


VHA PHYSICIAN PLACEMENT SERVICES 


Recruitment + Consulting + Planning 


Suite 250, Browenton Place + 2000 Warrington Way »* Louisville, KY 40222 
Phone (502) 423-9622 + Toll free numbers: 1-800-626-1857 + In Kentucky 1-800-292-1856 
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TRIP-LEVLEN 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


54 “less breakthrough bleeding’ 
than Ortho-Novunt' 7/7/7 


Demonstrated in the largest parallel 
comparative trial of triphasic OCs to date’ 


*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The physician should remain 


alert to the earliest symptoms of serious disease and discontinue oral contraceptive therapy when appropriate. Please see full 
prescribing information, a brief summary of which follows. 

#100 women randomly assigned to Tri-Levien® tablets or Ortho-Novum® 7/7/7; 50 women placed on nonhormonal 
contraception as a control. Evaluations were made at baseline and once a month for 6 months. 
One cycle of Tri-Levien® tablets therapy provides: ethinyl estradiol—30 me: /day for 6 days, 40 mcg/day for 5 days and 
30 mcg/day for 10 days; levonorgestrel-50 meg/day for 6 days, 75 meg/day for 5 days and 125 mcg/day for 10 days. One 
cycle of Ortho-Novum® 7/7/7 therapy provides: ethinyl estradiol—35 mcg/day for 21 days; norethindrone—500 mcg/day for 
7 days, 750 mcg/day for 7 days and 1000 mcg/day for 7 days. 


Ortho-Novum?® is a registered trademark of Ortho Pharmaceutical Corp. 


à Dedicated to innovation 
C9 BERLEX in OB/GYN medicine 
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TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN® 21 _ tablets—Triphasic regimen 


BRIEF SUMMARY 
Tri-Levien*—6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic pene 
Indications and Usage—Tri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 
Contraindications—OCs Should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
easa during the use of OCs or other estrogen-containing products. 
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Cigarette smoking increases the risk of serious cardiovascular side effects trom oral Contraceptive use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women who use oral 
| contraceptives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, | Enora disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposin, g conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs, 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49-—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke, The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-fold increased risk of poseur thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions; There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
Postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses, There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown, It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
Combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tri- 
Levlen Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
‘metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of these 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs, Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 
9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal oot from the vagina, adequate diagnostic measures are indicated to rule out 
Pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary, 
Since this may increase the risk of thromboembolic disease, Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities, 
11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures, 
12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
Quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to be 


® determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant 

Y woman is predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it is possible that if a woman becomes 

pregnant shortly after stopping OCs, she may have a greater chance of developing folate 
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deficiency and complications attributed to this deficiency. 9. The pathologist should be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-containing 
OCs: a. Increased sulfobromophthalein retention. b. Increased prothrombin and factors 
Vil, Vill, IX and X; decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay, Free T3 resin uptake 
is decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d, Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

Information for the Patient—See Patient Package Labeling 

Drug Interactions —Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline, 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy—Pregnancy Category X. See “Contraindications’ and “Warnings.” 

Nursing Mothers—See “Warnings.” 

Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebrai thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle, 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding: spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted 
Premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 

Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
Contraception until she has taken a tablet daily for 7 consecutive days. 

For full details on dosage and administration see prescribing information in package insert 60611-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 
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In his commencement address to the class of 1988 
Thomas K. Hearn, Jr, President of Wake Univer- 
sity, made the following statement: “We humans are 
forever in search of a permanent and unchang- 
ing reality, some state of being’ to arrest the moving 
flow of *becoming’ in time. But our efforts to seize 
and hold a permanent order are in vain. Change is 
not merely Nature's first law. It is perhaps Nature’s only 
law.” ae 

One could deem Dr. Hearn’s statement as being so 
self-evident that it did not need to be said. But if so, 
consider the following: “The' challenge faced by phy- 
sicians and medical organizations in a world of increas- 
ing complexity and. change threatens to confuse, be- 
wilder, and overwhelm us. Today we live in a wilderness 
of new knowledge. It is a challenge to our society as a 
whole. This challenge of change is vastly greater than 
at any other timè in history because the tempo is so 
much faster, the social complexities so much more sub- 
tle. We must constantly review our methods and tra- 
ditions in the light of changing knowledge. We must 
submit to a searching self-analysis to establish the jus- 
tification for our prejudices.”! Does not this statement 
describe, in part, organized medicine’s position in 
1989? Certainly, but when we consider that it was made 
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25 years ago by Frank R. Lock, the 29th president of 
our Association, in his presidential address titled “The 
Challenge of Change” to the American College of Ob- 
stetricians and Gynecologists, it is obvious that Dr. 
Hearn’s reminder did need to be said. 

After illustration of how much our perceptions focus 
on our own memories and our own situations, I will 
now’ fall into the same trap and review how vastly 
greater things may seem to have changed in the past 
25 years. In defense of this, I view the rate of change 
as similar to that of an asymptote, accelerating more 
rapidly from the abscissa in 1989 than in 1964. 


The changes 


Although medicine has made dramatic scientific and 
technologic progress in the past quarter of a century, 
the changes that have had the most impact on medicine 
as an institution have been in the attitudinal, social, 
financial, and ethical spheres. 

Attitudinal changes. A general loss of public faith in 
major institutions in American society has occurred. 
Not only medicine but education in general, organized 
religion, government, Congress, the press, the legal 
profession, and others have experienced this loss of 
confidence in our nation’s leaders and its institutions. 
This resulted from a series of major events in American 
life—the Vietnam war, the civil rights revolution, Wa- 
tergate, the environmental, consumer, and women’s lib- 
eration movements, the escalation of the national debt 
of the 1980s, and most recently the advent of leveraged 
corporate buyouts. Since 1976 medicine’s relatively 
high standing has declined more than in other insti- 
tutions so that in terms of public confidence we now 


506 Greiss 


rank behind the military and major educational insti- 
tutions: oo 

High levels of confidence in a particular institution 
are Often associated with three factors: its degree of 
altruistic behavior arid sense of social mission, its level 
of science, and the degreé of nonpolitical behavior it 
displays. During the past decade there has been little 
change in our political activity and there has been a 
marked increase in our- scientific knowledge and ca- 
pabilities. One is left with the conclusion that medicine's 
declining level of public trust is associated with the 
growing commercialization.of health care, a move away 
from a traditional image of altruistic behavior and a 
sense of social mission. 

Perhaps of equal i importance in changing public į per- 
ceptions has been a progressive decrease in the value 
placed on a fundamental American characteristic— 
personal accountability. Journalist David Brinkley com- 
mented on this trend at a United Way luncheon in 
Winston-Salem, North Carolina, and noted that for the 
past 50 years the American people have been told by 
the federal government when things were not going 
right, “not to worry, we'll fix it for you”; hardly an 
atmosphere that promotes anything but dependency 
and an “it wasn’t my fault” attitude. 

Social and financial chariges. Sweeping social and 
financial changes have occurred in medicine in the past 
25 yéars. They are so interwoven that they must be 
discussed together. In 1965 Congress passed the Social 
Security amendments that created Medicare and Med- 
icaid. Organized medicine actively opposed this legis- 
lation. After it was passed, physicians not illogically in- 
‘terpreted that the government had said that it would 
pay for the medical care of our nation’s elderly and 
indigent. Why then should physicians continue to pro- 
vide free caré (perhaps the beginning erosion of our 
image)? Similarly, iristitutions like the Kate Bitting Rey- 
nolds Health Care Trust in North Carolina diverted 
hospital supplements for indigent care to other chari- 
table purposes. 

It did not take long for Congress to realize they had 
a tiger by the tail, one getting bigger all of the time 
because of the increasing cost of medical technology 
and hospital caré. The general inflation rate of the 
1970s and the lack of financial incentives to contain 
costs further accentuated the problem. Between 1965 
and 1980 total expenditures increased at an average 
annual rate of 12.5%, an increase from 5.9% to 9.8% 
of the gross national product. Federal concern for ris- 
ing health caré costs appeared early in the 1970s 
through piece-meal legislation. Constraints included 
mandatoty utilization review (1972), an attempt to of- 
fer competitive alternatives to fee-for-setvice practice 
(Health Maintenance Organization Act of 1974), capital 
expenditure controls through the Certificate of Need 
program (1974), and toward the end of the decade, 
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restriction of Medicare payments to levels that were 
below actual cost. These approaches were largely in- 
effective and they increased administrative red Cape 
enormously, 

In the 1980s there have been implementation of di- 
agnostic related groups to control hospital costs, initi- 
ation of second opinion programs, the advent of out- 
patient and same-day surgery, and increased attention 
to quality assurance programs, all of which tend to un- 
derinine physician-patient relationships. Many would 
agree that the publication of hospital mortality statistics 
and the proliferation of peer review organizations and 
functions have been more divisive than productive. 

In 1989 the Hsiao resource-based relative value scale 
threatens. to cap expenditures for physician services as 


the scenario of expanding Medicare benefits reaches 


new heights with implementation of the Catastrophic 
Health Care Bill of 1988. Coverage now extends into 
the private home, hospice, and nursing home settings 
and enters the untrodden area of payments for pre- 
scription drugs. Those of you who have read the fine 
print of this bill understand that Congress knows it will 
be expénsive and has passed a significant part of the 
cost to the'recipients. The estimated 40% of Medicare 
beneficiaries who earn enough to pay, federal income 
taxes will be subject to a surcharge on their taxes up to 
a maximum of $1050 per person or $2100 per couple 
in 1993. This represents an unprecedented departure 
from traditional funding of public programs. For the 
first time, funding has been transferred within a specific 
usér group to support the poor rather than spreading 
the cost over the géneral populace such as occurs with 
public education or public housing. - 

On this background, it is not surprising that since 
1982 the annual Public Opinion Poll of the American 
Medical Association’ has rated cost as the main problem 
(62% to 68%) that faces health care ahd medicine in 
the United States today. Howevér, physician perspec- 
tives are changing as a result of a new boy on the street. 
Whereas 44% to 50% of physicians believed the main 
problem was cost related in the 1981 through 1984 
polls, professional liability was defined for the first time 


‘in 1986 as the biggest problem that confronts American 


medicine. I am certain that many of you in this Asso- 
ciation would concur because we as obstetricians- 
gynecologists have seen the malpractice problem es- 
calate costs, compromise or preclude obstetric care, al- 
ter practice patterns, interfere with physician-patient 
relationships, and most unfortunately have divisive im- 
pact within the medical community. 

Ethical changes. Time permits but a few comments 
about the ethical dilemmas presented by social change 
and scientific progress in our increasingly litigious. so- 
ciety. The Supreme Court decision of 1973 that legal- 
ized abortion has been soul-wrenching to many and 
remains controversial. The cases of Karen Ann Quinlan 
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in New Jersey and Baby Doe in Indiana have been 
viewed by many as unnecessary legal incursions into 
family decisions that traditionally have been solved as 
atraumatically as possible within an acceptable ethic fos- 
tered by the physician-patient relationship. In our spe- 
cialty we have the capability to fertilize anyone’s ovum 
with anyone’s sperm and to nourish it to maturity in 
anyone’s uterus. The new ethical problems presented 
by this technology have already prompted an in-depth 
study by the American Fertility Society. Perhaps, how- 
ever, an even greater ethical issue has not been directly 
addressed. Last year >11% of our gross national prod- 
uct was spent for health care, whereas more than an 
estimated 35 million Americans were medically unin- 
sured. 


Public perceptions 


After review of an impressive variety of changes that 
have impacted on medical practices during the past 25 
years, perhaps I should now direct attention to our 
current public image for it is not all bad in terms of 
the individual physician. 

Physicians. In the average American home, a tele- 
vision set is on 7 hours and 38 minutes of each day. 
Health-related information occurs many times each 
hour and there are many physicians. Inasmuch as tele- 
vision presents the most broadly shared images of med- 
ical sciences and physicians, we should simultaneously 
be flattered and concerned by what Americans think 
they know about physicians. Physicians can solve many 
problems, even medical. They display infinite accessi- 
bility, patience, wisdom, and a lack of material interest. 
They are authoritative and daring; 40% are engaged 
in an unusual practice yet to be proven and 13% ac- 
tually disobey or violate a rule to do something chancy, 
And they are successful 99% of the time. 

This overidealized image of the television physician 
leads to unrealistic expectations that are reflected in 
public opinion surveys. A total of 54% of Americans 
rate physicians high in honesty and ethics. They resent, 
however, when physicians are not unselfish as they are 
on television. Half or more also respond that physicians 


do not explain things well, do not care as much as they _ 


used to, do not charge reasonable fees. They also be- 
lieve that people are beginning to lose faith in physi- 
cians. However, the negative feeling Americans express 
toward physicians to surveyed items are not unusual— 
they feel that way toward many other professionals as 
well. In relative terms, the public image of physi- 


cians is quite good. In the April 1986 survey of the © 


National Opinion Research Center, 46% of people had 
a great deal of confidence in those who run medical 
institutions—No. 1 in comparison with other institu- 
tions.” 

Professional liability. The public is increasingly cog- 
nizant of a general liability crisis and a substantial ma- 
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jority is now sympathetic with physicians on a number 
of specific issues related to malpractice insurance and 
lawsuits. A total of 67% of people believe physicians 
have to pay too much for malpractice insurance and 
between 43% and 50% think that people who file mal- 
practice suits are just looking for an easy way to make 
money. Between 56% and 70% think there should be 
a limit on the amount of money that can be awarded 
to someone who sues because of malpractice, 79% favor 
setting limits on lawyer’s fees in large awards, and 41% 
to 59% think jury awards are too high. 

Problems facing medicine. In the 1986 American 
Medical Association Survey, >63% of the public be- 
lieved that cost is the main problem that faces medicine 
today, exceeding other considerations by 50%, Para- 
doxically, the public will press for more health care, 
not less. A similar paradox exists in how Americans 
view their own health care. On one hand, they are 
highly critical of the U. S. health care system as a whole; 
on the other hand, most people are highly satisfied with 
the health care they receive. Americans are not in favor 
of giving up their personal physicians for care delivered 
by low-cost physician groups. However, they are en- 
thusiastic about requiring low income persons to use 
less costly clinics or health maintenance organizations. 


Our position in 1989 


The foregoing should reassure today’s physicians. 
Our greatest ally, the public, is basically supportive of 
their own health care and is generally sympathetic to 
their physician’s problems. Although the public per- 
ceives the problem of cost, it desires increased care, and 
it defers the solution of the blight of the poor to the 
government. The government, on the other hand, is 
faced with a continuing budget deficit and the largest 
national debt in history. Because many would consider 
it to be political suicide to cap services, our legislatures 
are increasingly shifting the onus to the health care 
delivery system. And oftentimes physicians find them- 
selves caught in the middle. Government policies of 
reactive rationing, as opposed to prospective allocation, 
daily threaten physicians as they attempt to cope with 
the complexities of cost control and quality assurance, 
the specter of malpractice, and the difficult task of mon- 
itoring physician activities in the office, in hospitals, and 
in the courts. Perhaps most threatening is the relative 
lack of input physicians have had in dealing with these 
problems for traditionally, medicine is used to “calling 
the shots.” We have yet to come to grips with the fact 
that society is challenging a major tenet of our profes- 
sionalism, its autonomy. Let us digress for a moment 
and consider this professionalism of ours. 

Professionalism. All of us know or think we know 
what professionalism is and all of us think we are 
professionals. However, when I asked a number of peo- 
ple about the elements comprised by professionalism, 
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I was surprised how difficult it was for them to verbalize 
a consistent group. This prompted me to go back to 
the Oxford English Dictionary in which any one of a 
number of definitions could be found. My own biases 
led me to select one attributed to Maurice in 1839: “that 
kind of business which deals primarily with men as men, 
- and is thus distinguished from a trade which provides 
for the external wants or occasions of men.”* Such a 
definition is obviously vague in terms of the description 
of the elements of professionalism. In 1915 Abraham 
Flexner espoused more definitive criteria’ and in 1987 
Reed and Evans? described components of profession- 
alism that embody those described by Flexner but put 
them in more currently applicable terms. Those that I 
think are pertinent to our discussion are as follows: (1) 
the members of the profession determine its standards 
of knowledge and expertise, (2) the profession is given 
authority to license practitioners by state boards made 
up largely of members of the profession, (3) social pol- 
icy and legislation that relate to the profession are 
heavily influenced by members of the profession, (4) a 
profession has a code of ethics that governs practice, 
the tenets of which are more stringent than legal con- 
trols, (5) a service orientation supercedes the propri- 
etary interest of professionals, and (6) a profession is 
largely free of lay control with its practitioners exer- 
cising a high ‘degree of occupational autonomy. 

Reed and Evans? point out that professional auton- 
omy subsumes most of the other preconditions of 
professionalism and that autonomy and professional- 
ism are crucially linked, such that when slippage in a 
profession’s autonomy occurs, the profession itself is 
threatened. This is what has happened during the past 
quarter of a century. Changes in societal attitudes and 
demands have taken autonomy away from the médical 
profession in areas of the establishment of social policy, 
infringement on ethical issues, monitoring physcian 
and hospital practice, and the challenge of medical 
practice through the mechanism of malpractice litiga- 
tion. This slippage in our autonomy, combined with the 
pervasive and inseparable influence of financial factors, 
has induced apathy and a sense of self-pity within the 
medical profession. 


The future 


There is no panacea and it is evident that the forces 
and systems that have evolved over the past 25 years 
will not change rapidly. However, I think that medicine 
as an institution must realistically assess its current sit- 
uation and expend its efforts in ways and directions 
that will not only improve our public image but will 
have the greatest likelihood to achieve the goal of easily 
accessible, high quality, affordable medical care for all 
citizens. Virtually all recent health legislation has been 
patchwork to address short-term problems with quick 
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fixes. None has addressed a consistent long-term policy. 
When we consider our political system with its changing 
leadership every 4 to 8 years and its sensitivity to special 
interest groups, this should not be a surprise. To really 
influence long-term health policy, a coalition that rep- 
resents all of the players from the consumers to the 
payers to the providers must be developed that will be 
an objective sustaining force with sufficient clout to 
influence legislation from the broad societal view. Such 
a coalition, the North Carolina Institute of Medicine, 
has been in existence since 1983. Originally supported 
by the Kate Bitting Reynolds Health Care Trust, it now 
has state legislative dollars as well. Its members are 
drawn from leaders in government, education, busi- 
ness, industry, the health and legal professions, the hos- 
pital and health insurance sectors, and the public at 
large. Because of its broad membership base without a 
majority from any single professional or special interest 
group, it can objectively represent the public interest 
on health-related public policy issues. Already a num- 
ber of health policy concerns that range from indigent 
care to cost containment to medical malpractice insur- 
ance have been identified and of particular interest to 
members of the Association, the first task force to re- 
duce infant mortality and morbidity in North Carolina 
has completed its deliberations. To fully appreciate the 
potential of such an Institute, particularly as it applies 
to medicine, one must understand the process involved 
in the achievement of consensus. Initially this involves 
exchange of information. Problems within the medical 
profession as well as those that involve multiple con- 
stituencies are identified and solutions are developed 
on the basis of objective unbiased data. Common goals 
are identified and means to those ends are planned. In 
this process, medicine maintains its traditional role of 
advocacy for quality basic health care to all at a rea- 
sonable cost. And when physicians have taken leader- 
ship in efforts to control costs, not only is their credi- 
bility and public image improved, but there is a greater 
potential for physicians to retain professional satisfac- 
tion than when controls are imposed from the outside. 
It is critical to understand that the Institute of Medicine 
is not a lobbying force per se. However, by virtue of its 
diverse membership, each with organizations and con- 
tacts, a potentially huge lobbying force can be devel- 
oped. In effect, medicine lets the others do the lobbying 
for itself. 

The Institute I have described is unique among the 
states and its impact remains unproven. However, it is 
supported by the state legislature, its influence is grow- 
ing, and the process is one that clearly provides signif- 
icant input from the medical profession. All of you are 
aware of similar although not as comprehensive coali- 
tions at community levels. In general, their information 
base is small and they have little clout, as compared 
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with the potential of a statewide organization. However, 
I encourage all of you to become active participants 
because mutual understanding is inevitably improved 
and this is the basis on which progress is made. 

As we influence the implementation of a health de- 
livery system that provides affordable and uniform 
quality of care, we must stop protecting the old ways. 
We must accept change and deal with it positively if the 
public is to maintain its trust in the medical profession. 
We must understand how we got to our present position 
and the current forces that impact on it. We must re- 
main united for otherwise we lose our effectiveness. We 
must understand that government and business really 
do not want to run medicine unless there is a void. We 
must maintain our commitment to service, especially 
the medically indigent, and we must understand that 
in the eyes of the public, curing is not synonymous with 
caring. Finally, I remind you that the greatest reward 
we physicians have is the satisfaction of improving the 
quality of life of our fellow man. Our professionalism 


The challenge of change revisited 


and especially our altruism must remain pervasive for 
if we surrender our obligations to legislative and com- 
mercial forces, who will remain the public’s unbiased 
medical advocate? 
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Effects of terbutaline sulfate on fetal cardiac function 
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An isolated heart preparation was used to study the effects of terbutaline sulfate (Brethine) on fetal cardiac 
function. Pregnant guinea pigs received daily subcutaneous injections of terbutaline for 10 day, whereas a 
control group received placebo injections. Fetal guinea pig hearts were evaluated for cariodynamic and 
pathologic differences. Fetuses exposed to terbutaline demonstrated a higher mean heart rate (p < 0.01), 
a higher mean heart weight (p < 0.05), a higher mean heart weight/body weight ratio (p < 0.01), anda 
trend toward higher left ventricular systolic pressure levels {p < 0.1). These hemodynamic responses in 
fetuses exposed to terbutaline may result in increased functional demands that may predispose myocardial 


tissue to damage. (Am J OasteT GynecoL 1989;161:509-12.) 
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8-Sympathomimetic therapy has become a popular 
tocolytic agent for preterm labor. However, various ma- 
ternal and fetal cardiovascular side effects must be bal- 
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anced with the therapeutic advantages of a drug like 
terbutaline sulfate. Maternal effects include an increase 
in heart rate and systolic pressure,' an increased risk 
for pulmonary edema, and electrocardiograph changes 
consistent with myocardial ischemia.’* Animal studies 
have shown fetal myocardial tissue damage after ad- 
ministration of 8-sympathomimetic drugs both in vivo? 
and in vitro? as well as organ weight changes, notably 
cardiomegaly, in rabbit fetuses chronically exposed to 
tocolytic agents (unpublished observations). Postmor- 
tem examination that indicate changes consistent with 
myocardial infarction have been reported for human 
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Fig. 1. Schematic representation of isolated heart perfusion 
on modified Langendorff apparatus. 


infants chronically exposed to §8-sympathomimetic 
drugs.” *® We studied fetal cardiac function and patho- 
logic changes after chronic terbutaline therapy in the 


pregnant guinea pig. 


Method and materials 

This project was approved by the Committee on An- 
imal Research at the University of North Carolina and 
all care and procedures were within their guidelines. 
Animals were given food and water as desired. Preg- 
nant Hartley guinea pigs (1.1 to 1.36 kg, from Charles 
River Breeding Co, Waltham, Mass.) were randomly 
divided into two groups 11 days before estimated par- 
tus (normal gestation period = 65 days). The study 
group was given subcutaneous injections of 0.03 ml (1 
mg/ml) of terbutaline sulfate (Brethine) with 0.04 ml 
of saline solution twice a day. This dose approximates 
the suggested therapeutic daily dose of terbutaline as 
a tocolytic agent for human beings on a weight basis. 
The control group was given 0.07 ml of saline solution 
subcutaneously twice a day. i 

One or two days before estimated term, the pregnant 
guinea pigs were anticoagulated with 1000 U of heparin 
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intraperitoneally and anaesthetized with ether. The fe- 
tuses were removed and the hearts from two pups per 
litter were rapidly excised and placed in an ice-cold 
0.9% saline solution. Almost immediately, the aortic 
root of the heart was secured to an 18-gauge needle 
and attached to a modified Langendorff apparatus 
(Fig. 1). The isolated fetal hearts were perfused with 
a Krebs-Henseleit solution that consisted of sodium 
chloride 118.5 mmol, sodium bicarbonate 25.0 mmol, 
dextrose 5.5 mmol, potassium chloride 4.4 mmol, cal- 
cium chloride 1.3 mmol, potassium monobasic phos- 
phate 1.2 mmol, and magnesium sulfate 1.2 mmol. 
With the initiation of retrograde perfusion, the aortic 
valve closed and thereby channeled all the perfusion 
medium, aerated with 95% oxygen and 5% carbon 
dioxide, into the coronary arteries. Coronary flow was 
measured with a graduated cylinder and stopwatch as 
it exited the heart chamber (Fig. 1). Aortic perfusion 
pressure was maintained between 60 to 65 mm Hg. 
The perfusates entering and surrounding the heart 
were warmed by a water-jacketed system to 37° C. 

A miniature latex balloon tip catheter filled with sa- 
line solution was inserted into the left ventricle through 
the mitral valve to measure fetal cardiac dynamics. Fetal 
heart rate (FHR), left ventricular systolic and end- 
diastolic pressures (maintained at 6 mm Hg) were con- 
tinuously measured with the ventricular balloon. These 
data were recorded on a Hewlett-Packard 7754B four- 
channel system (Palo Alto, Calif.). From this, contrac- 
tility, measured by the ratio of dP/dt, was determined 
from the slope of the left ventricular pressure wave- 
form. Three electrodes that formed an Einthoven tri- 
angle were placed into the heart chamber to allow mea- 
surement of the PR, QRS, and RR intervals through 
this electrocardiogram configuration. 

After initiation of aortic perfusion, placement of the 
left ventricular balloon and electrocardiogram elec- 
trodes, the hearts were allowed a 20-minute equilibra- 
tion period, Readings of FHR, left ventricular systolic 
pressure, coronary flow, dP/dt, aortic perfusion pres- 
sure, and PR interval were taken at 20, 30 and 60 
minutes. 

Fetal hearts not used in the heart preparation and 
maternal hearts were extensively studied histologically 
with hematoxylin and eosin stain. 

Differences between groups at 60 minutes were mea- 
sured with the Student ¢ test for unpaired observations. 
The p values <0.05 were statistically significant. 


Results 

From the seven pregnant guinea pigs that received 
terbutaline, 11 fetal hearts were evaluated with the iso- 
lated heart preparation. Eight fetal hearts from four 
pregnant guinea pigs injected with saline solution 
served as controls. 
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. Table I lists fetal parameters measured including 
body weight, heart weight, FHR, left ventricular systolic 
pressure, coronary, flow, dP/dt; and PR interval. Values 
are included for the control group (n = 8) and the 
group treated with terbutaline (n = 11). Fetuses in the 
group exposed to terbutaline showed a significant in- 
crease in FHR (p< 0.01) and -fetal heart weight 
(p < 0.05), and a significant decrease in the PR interval 
(p< 0.05) relative to the control fetal values. In addi- 
tion, there is a trend toward a higher left ventricular 
systolic pressure level (p < 0.1) for the treated fetal 
hearts, 

Through evaluation of niaternal and fetal body 
weights, heart weights, and litter size for the treated 
and control groups, the ratio of heart weight/body 
weight was found to be significantly greater (p < 0.01) 
for the treated fetal guinea pigs, compared with the 
controls: No similar difference existed between the 
treated mothers and control mothers. 

Grossly, there weré no identifiable differences in the 
fetal hearts of the treated group and the control group. 
Histologic examination of seven treated fetal hearts, 
and four control fetal hearts, and the maternal hearts 
did not reveal any evidence of myocardial necrosis. 
Ventticular dilation of one fetal heart in the treated 
group was seen. 


Comment 


In the measurement of fetal cardiac parameters in 
the animals exposed to terbutaline, the effects of re- 
peated administration of betarhimetic drugs are noted 
through a higher mean heart rate and a trend toward 
a higher left ventricular systolic pressure level. An in- 
crease in both of these parameters results in a higher 
cardiac work load and a higher myocardial oxygen de- 
mand. As demonstrated by the fetuses exposed to ter- 
butaline, adaptive respomises to such chronically in- 
creased functional demands may lead to ventricular 
dilation and to a proportionately higher heart weight, 
suggestive of cardiac hypertrophy. The fact that fetal 
heart weight/ body weight ratios in the treated group 
were higher than in the control group illustrates the 
possible hypertrophic response of the cardiac muscles 
exposed to chronic work loads. 

As with any chronically stressed heart, there isä 
chance for eventual decompensation. ‘The iricreased 

metabolic requirements placed on the fetal hearts ex- 
posed to betamimetic drugs, even with these minimal 
doses, may predispose these hearts to ischemia and in- 
farction as myocardial tissue requirements exceed avail- 
able supply. Explanations for our lack of microscopic 
myocardial damage may be related to the fact that 
we treated our animals with minimal therapeutic 
doses, unlike other investigators who approached much 
higher levels of 8-sympathomimetic drugs. Of impor- 
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Table I. Fetal weights and cardiodynamic 
measurements in control and terbutaline 
study groups 

















Terbutaline 
{n= 11) 


Control 
(n = 4) 


i 


Body weight (gm) 13 = 3 78+6 NS 


Heart weight 325 + 18 401 + 31 <0.05 

_ (mg) 

FHR 198 + 4 228 + 6 <0.01 
(beats + min~') i . T 

Left ventricular 42 +3 5244 <0.1 
systolic pres- i 
sure (mm Hg) : 

dP/dt 767 + 57 870 + 76 NS 
(mm Hg > sec™!) i ; 

Coronary flow 8.1 + 0.4 8.0 + 0.5 NS 
(ml< min™). 

PR interval 7544 63 + 2 <0.05 

Heart 0.446 + 0.010 0.517 + 0.015 <0.01 
weight/body 


weight x 100 





tance is that even with these minimal doses we have 
demonstrated responses to B- sympathomimetic drugs 
are similar to those that predispose any myocardial tis- 
sue to acute and possibly lethal damage. 

The decision to use long-term treatment with toco- 
lytic agents requires the knowledge of both lorig-term 
and short-term maternal and fetal effects, We empha- 
size the importance of considering the impact such 
long-term treatmient with tocolytic agents has on the 
fetal cardiac function. If B-sympathomimetic drugs 
are used chronically for tocolysis, these fetuses should 
be followed up carefully in utero for signs of decreasing 
or impaired cardiac function, such as tachycardia or 
fetal hydrops. 


We thank Dr. F. G. Dalldorf for his assistance in the 
histologic review of our slides. 
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Editors’ ‘note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. E. O. Horcer II, Charleston, South Carolina, 
I offer my congratulations to Dr, Petersen and her as- 
sociates for a very nice investigation of the effects of 
terbutaline sulfate on fetal cardiac function, for her 
winning’ the John R, McCain Student Fellowship 
Award, and for her presentation. g 

B- Sympathomimetic drugs are the most ‘frequently 
used tocolytic agents. Whereas side effects of B- 
sympathomimetic. therapy are not uncommon, they are 
usually well-tolerated. On the other hand, some side 
effects are potentially quite dangerous. Reported ma- 
ternal hazards chiefly involve cardiovascular and met- 
abolic problems including pulmonary edema, myocar: 
dial ischemia, arrhythmia, hyperglycemia, and hypo- 
kalemia. Cardiovascular side effects have been reported 
to occur in as-many as 5% of these patients. Reported 
fetal and neonatal complications of note include cardiac 
toxicity, and ischemia, hypoglycemia, hypocalcemia, 
and ileus. Although focal myocardial necrosis and fatty 
degeneration’ have been reported in the hearts of 
newborns whose mothers had: been treated with B- 
sympathomimetic drugs, there has been no proof that 
such heart lesions were responsible for neonatal deaths. 

Dr. Petersen and her associates studied the effects of 
terbutaline on cardiac function, weight, and histology 
in fetal guinea pigs after chronic maternal administra- 
tion of terbutaline. Their findings included significant 
increases in heart rate and heart weight, a trend toward 
increasing left ventricular systolic pressure, and an ab- 
sence of histologic changes. 

Two important questions must be answered for 
those of us who use terbutaline and other B- 
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sympathomimetics in the treatment and prevention of 
premature labor. First, why do these cardiac manifes- 
tations occur? And second, what is the real risk to the 
human fetus after the mother is treated with terbu- 
taline? B- -Sympathomimetic stimulation certainly in- 
creases heart rate in both mothers and fetuses, which 
generates an increased requirement of the myocardium 
for metabolic substrates. As the increased functional 
demands continue, myocardial hypertrophy occurs in 
response to the increased work. If the substrate de- 
mands exceed the supplies, the potential for myocardial 
ischemia certainly exists. This potential may be com- 
pounded by other factors that act,in the situation of 
premature labor, such as Bynes: acidosis, fever, and 
corticosteroids. 

No histologic evidence of ocidis necrosis was 
found in the guinea pig fetal hearts. Possible expla- 
nations for this may lie in the duration of terbutaline 
treatment or in the dosage used. The guinea pigs were 
treated for the last 9 or 10 days of pregnancy; a span 
that runs approximately 14% to 15% of the guinea pig 
pregnancy. A similar proportion of human pregnancy 
would run 5 to 6 weeks, and we only infrequently man- 
age to use B-şympathomimetics for such a long period 
of time. It was noted that the dosage used in the guinea 
pigs was low but approximated the suggested tocolytic 
dose, of terbutaline for human beings. The guinea pig 
study used approximately 50 pg/kg terbutaline per day 
subcutaneously. Although this does run approximately 
equal to the recommended subcutaneous dosage in hu- 
man beings, chronic administration in human patients 
is not continued subcutaneously. The usual oral dose 
in human patients runs considerably higher at approx- 
imately 200 to 400 g/kg per day, but results in lower 
peak serum concentrations. The influence of these fac- 
tors on fetal myocardial lesions has not been deter- 
mined. 

The risk to the human fetus cannot be answer a by 
Dr. Petersen’s study. Although other studies have 
shown similar changes in the hearts of human fetuses 
and newborns, the significance of these findings re- 
mains very uncertain. Nonetheless, the possibility is 
rather frightening. 


Analysis of fetal loss after transcervical chorionic villus 


sampling — A review of 719 patients | 


Ronald y. Wade, MD, and S. Robert Young, PhD 


C olumbia, South Carolina 


Chorionic villus sampling was performed under real-time ultrasonographic direction on a study group of 
719 patients from September 9, 1985, through May 5, 1988. Follow-up of 714 of these patients who would 
have reached 28 weeks’ gestation on September 1, 1988, revealed “an unintended” abortion rate of 4.1% 
by 20 weeks’ gestation. Nine patierits had a fetal loss <4 weeks after the procedure; 19 had losses up to 
12 weeks after the procedure and before 20 weeks’ gestation. This study revealed a significantly increased 
risk of fetal loss with an increase in the number of catheter insertions (p < 0.001). The risk of fetal loss 
after one sampling attempt was 3%, 7.8% after two attempts, and 14. 3% after three attempts. (Am J 


OBSTET Gynecol 1989;161:513-9.) 
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The safety of first-trimester fetal cytogenetic diag- 
nosis by transcervical chorionic villus sampling is a mat- 
ter of continued concern. The risk of the procedure is 
thought to be low, but i it is difficult to delineate because 
of the methodologic problems i in the establishment of 
the background loss rate in a comparable group of 
women.’ . 

This analysis reviews multiple variables of patients 
who had fetal loss after transcervical chorionic villus 
sampling during the study period. The risk of the sam- 
pling procedure is assessed and the apparent patho- 
physiologic mechanisms of fetal loss are tabulated. The 
purpose of this study is to characterize specific deter- 
minants of increased fetal risk before the third trimes- 
ter in women who undergo transcervical chorionic 
villus sampling. Ultimate pregnancy outcome and 
third-trimester pregnancy performance will constitute 
a separate publication at a later date. 


Material and methods 


Ultrasonography-directed transcervical chorionic vil- 
lus sampling was performed on 719 patients in the De- 
partment of Obstetrics and Gynecology of the Univer- 
sity of South Carolina School of Medicine and Richland 
Memorial Hospital between September 9, 1985, and 
May 5, 1988. Approval was obtained from the Institu- 
tional Review Committee of Richland Memorial Hos- 
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pital and the Ethics Committee of the School of Medi- 
cine of the University of South Carolina to offer this 
method of first-trimester prenatal diagnosis. Follow-up 
data were obtained on 714 patients (99.3%) by direct 
patient and physician contact. The study group was de- 
fined as all patients with an estimated gestational age 


228 weeks by September 1, 1988. 


All chorionic villus sampling procedures were per- 
formed by a single physician (R. V. W.) with transab- 
dominal real-time ultrasonography with guidance by 
either an Ultramark IV (Advanced Technology Labo- 
ratories, Inc., Bothell, Wash.) or a 4000 S/L (Advanced 
Diagnostic Research, Inc., Bothell, Wash.) ultrasound 
scanner with a 3.5 MHz transducer. Fetal gestational 
age was determined by fetal crown-rump length mea- 
surement according to the method of Robinson and 
Fleming.’ 

The cervix and vagina were cleansed with podori: 
iodine solution and all samples were obtained by a poly- 
ethylene 16 gauge catheter (Intracath-Deseret Medical, 
Inc., Sandy, Utah) over a surgical wire stylet. If more 
than one attempt was required, the catheter and the 
operator’s gloves were changed. Genital herpes virus 
infection or allergy to povidone-iodine were contrain- 
dications to performance of the procedure. The pro- 
cedurė was terminated after obtainment of an adequate 
volume of villi for diagnostic studies (>10 mg by visual 
estimate), after three attempts, or at the patient's re- 
quest to discontinue the procedure. 

The fetal losses were reviewed to determine the time 
interval from performance of the sampling procedure 
to fetal loss and were classified into groups as early, 
late, or remote. An early loss is defined as =4 weeks 
after the procedure; a late loss is defined as >4 weeks 
but =12 weeks after the procedure; and remote is de- 
fined as >12 weeks but =20 weeks after the procedure. 
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Fig. 1. Frequency of maternal age at time of estimated date of delivery (n = 714). 


Table I. Mechanism of fetal loss by time 
interval from procedure to loss 
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ae effort was made to establish the underlying mech- 
anism of fetal death. 

All patients who had a fetal loss were analyzed by 
multiple criteria including maternal age, gravidity, es- 
timated gestational age, quantity of the sample ab- 
tained, and number of sampling attempts. Particular 
emphasis was placed on review of the impact of multiple 
aspiration attempts, fetal karyotype, and volume of yilli 
removed. The specific genetic findings and karyotype 
analysis are not evaluated in this study, but will be the 


` subject of a future publication. In this study ‘ ‘abnormal 


karyotypes” refer to recognized aneuploidic conditions 
of clinical significance. 

C ontinuous parameters were subjected to statistical 
tests by Student ¢ test with results as mean + SD. x? 
analysis with Yate’s correction was used to compare 
groups in two-by-two contingency tables. A p value 
<0.01. was considered to be significant. Tests for sig- 
nificance were performed and supported by Statgraph- 
ics (STSC, Rockville, Md.) and PG Statistician (Human 
Systems Dynamics, Northridge, Calif. ) computer's sta- 


tistical software packages. 


Results 

Of the 719 patients who underwent chorionic villus 
sampling, 87% were at risk for fetal aneuploidy because 
of advanced maternal age. Age distribution is shown 
in Fig. 1. Of the 714 patients available for follow-up, 
29 elected to interrupt their pregnancies for various 
reasons including abnormal karyotype, anencephaly, 
single gene defect, or other congenital conditions. A 
total of 20 patients (2.8%) had clinically abnormal 
karyotypes. An additional 20 patients had other cyto- 
genetic findings such as balanced translocations and 
heterochromatin, but were ‘included as “normal” pa- 
tients in this analysis. 

A total of 685 patients continued their pregnancies 
and formed the base study group for risk assessment. 
Fetal loss occurred before the beginning of the third 
trimester in 31 patients (4.5%); 28 (4.1%) of these pa- 
tients had fetal loss before 20 weeks’ gestation. Of the 
losses, nine were classified as early losses, 19 as late, 
and three as remote. The maximum gestational ages 
achieved by these groups were 16, 20, and 26 weeks, 
respectively. Table I indicates the mechanism of these 
losses. 

Comparison of those padene with fetal losses to those 
who had no loss showed no significant difference for 
the parameters of maternal age, gravidity, quantity of 
villi aspirated, and gestational age, as shown in Table 
II. In addition, there was no difference between the 
group of patients who had fetal loss and those who had 
early, late, or remote losses when evaluated for these 
same variables by groups of one, two, or three sampling 
attempts. The mean number of catheter insertions dif- 
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Table Il, Comparison of patients and procedural characteristics between those with continuing 


pregnancies and those with losses 








Characteristic 


Maternal age 36.03 + 3.47 36.44 + 
Gravidity 2.75 + 1.29 3.10 + 
Quantity of villi 41.17 + 15.36 

Gestational age 9.86 + 0.86 10.06 + 








Data are mean + SD. 


fered between the control group without fetal loss and 
the loss groups (Table ITI). x? analysis of the data in 
Table IV reveals an increasing risk of fetal loss with 
multiple attempts (x? = 14.8914; p = 0.0006). With 
one attempt, the risk as measured by relative frequency 
of a subsequent loss was 0.03 or 3%. After two attempts 
the risk rose to 0.078 or 7.8%, and at three attempts 
became .143 or 14.3%. When comparison was made of 
one attempt and two attempts, there was no significant 
difference (p = 0.03); significance was achieved when 
comparison was made of one attempt and three at- 
tempts (p = 0.0017). The significance level that reflects 
the increase in risk from two attempts to three attempts 
was weak at p = 0.36. . 

The proportion of abnormal karyotypes was not sig- 
nificantly different in those patients who had one, two, 
or three sampling attempts. Only three patients re- 
quested that the procedure be terminated. All of these 
requests were made after the first attempt and were 
secondary to cervical pain. Two patients who had pre- 
vious cervical cryosurgery had severe pain when the 
catheter traversed the endocervix. In one patient an 
appropriate volume of villus tissue was obtained for 
diagnosis, in the other patient insufficient tissue was 
obtained. The third patient refused a second attempt 
because of the necessity of cervical traction with an Allis 
clamp. 

The apparent lack of influence of operator experi- 
ence on the frequency of the overall loss rate is shown 
in Table V. Of interest however, 36 of the 42 patients 
who had three sampling attempts occurred in the first 
411 patients (i.e., subgroups 1 to 3). The six losses in 
the group of patients who had three attempts were 
distributed as follows: two losses in the first group, pa- 
tients 1 to 137; three losses in patients with sequence 
numbers 275 to 411; and one in the last group with 
sequence numbers 549 to 685. 

One patient had an obvious subchorionic bleed- 
ing episode then progressed to spontaneous abortion 
within 48 hours after the procedure. Another patient 
was seen 72 hours after the procedure with an incom- 


36.10 + 





Group 
Early Remote 
n= n= 3 
1,42 87.00 + 2.79 34.00 + 6.93 
1.76 3.16 + 1.34 2.33 + 0.58 
17.28 44.89 + 16.22 25.00 + 0.00 
0.86 10.04 + 0.86 9.17 + 0.29 


Table III. Comparison of the number of 
catheter insertions between the control group 
without loss and the fetal loss groups by time 
interval from procedure to loss 


No loss (n = 654) 1.27 + 
Early loss (n = 9) 1.89 + 
Late loss ( = 19) 1.58 + 
Remote loss (n = 3) 1.67 + 


0.78 0.001 
0.77 0.018 
1.15 0.220 


Data are mean + SD. 
*Student £ tést. 


plete abortion and had an oral temperature of 99.8° F. 
Both of these patients had one catheter insertion. The 
remaining early losses were charactérized by silent fetal 
death or spontaneous abortion >7 days after the pro- 
cedure. Women in the late group were more likely to 
have in utero death or premature rupture of the mem- 
branes. 

After an uncomplicated postprocedure course, three 
cases in the group with late loss had severe oli- 
gohydramnios, elevated maternal serum o-fetoprotein 
levels, and fetal death. The pathophysiology in these 
patients is uncertain. In none of these cases was there 
a history consistent with overt amniorrhexis, but two 
of the three patients did have prolonged bleeding near 
the time of fetal death, with the blood loss noted to be 
dark bloody fluid. In none of these patients was sub- 
chorionic hematoma noted by ultrasonography. All of 
these fetuses had normal renal development at post- 
mortem examination. 


Comment 


Chorionic villus sampling continues to emerge as an 
increasingly acceptable means of fetal cytogenetic di- 
agnosis in the first trimester.** Many studies have de- 
tailed institutional experiences with this procedure, and 
reported loss rates from 1.9% to 5.8%.°° Few studies 
to date have provided comprehensive follow-up on pa- 
tients who undergo chorinoic villus sampling. This 
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Table IV. Fetal loss as a function of catheter insertions 
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Catheter insertions 














No loss 512 97.0 106 
Loss 16 3.0 9 
TOTAL 528 100.0 115 


92.2 36 85.7 654 
7.8 6 14.3 31 
100.0 42 100.0 685 





xX? = 14.8914; p = 0.0006. 


Table V. Fetal loss as a function of 
physician experience 





Chorionic villus 


sampling sequence Loss No loss 
1-137 5 132 
138-274 7 130 
275-411 5 132 
412-548 7 130 
549-685 7 130 
x? = 0.811. 


analysis of 714 pregnancies that would have completed 
28 weeks’ gestation after transcervical chorionic villus 
sampling focuses on the risks of the procedure and the 
effect of the risk estimate on appropriate patient coun- 
seling. 

The absolute increase in fetal loss after chorionic 
villus sampling is difficult to establish because of the 
problems involved with the definition of a comparable 
control group and background spontaneous abortion 
rate. The impact of the increase abortion rate as a func- 
tion of maternal age must be considered. Several stud- 
ies have been published in an effort to establish the 
background loss rate of ultrasonographically normal 
pregnancies at 8 to 12 weeks’ gestation.'° The overall 
loss rates in these studies have been noted to be in the 
2.0% to 3.2% range. When corrected for maternal age 
in women older than 35 years, however, the sponta- 
neous abortion rate up to 20 weeks’ gestation is in the 
4.3% range. Comparison of losses after chorionic vil- 
lus sampling with groups of women who have ultra- 
sonographic scans at 8 to 12 weeks’ gestation without 
instrumentation also ignores the spontaneous abortion 
of aneuploidic fetuses in the comparison group and the 
impact of elective interruption of aneuploidic preg- 
nancies in the study group. Theoretically a randomized 
study is needed with a control group for women older 
than 35 years who did not undergo prenatal diagnosis, 
but such a study is not feasible at this time. 

Comparison of the fetal losses in this study with a 
published transabdominal chorionic villus sampling 
study that reported a fetal loss rate of 3.2% reveals no 


significant difference in risks (x? = 0.118). Large 
studies of transabdominal sampling should be reported 
to allow a more accurate comparison of the two 
methods. 

Although data exists with regard to placental site, 
there is no information with regard to the position of 
the uterine fundus relative to the median axis of the 
pelvis (i.e., anteverted or retroverted). The placental 
site was therefore not evaluated as a potential variable 
because the important relationship is that of placental 
site relative to the position of the uterine fundus and 
accessibility through the endocervix. 

It is difficult to define the impact of operator expe- 
rience on the subsequent fetal loss rate from these data 
for two reasons. First, an extensive practice series of 
patients who requested elective pregnancy interruption 
(>100 samples) was perfomed by this team before in- 
stitution of this series of ongoing pregnancies. Second, 
although the frequency of three insertions was greater 
in the first half of this series, the losses in these patients 
who underwent three sampling attempts was more 
evenly distributed. The latter fact must be viewed with 
caution, however, because of the few patients involved. 
The likelihood of a type II statistical error is significant 
when analyzing a loss group of only six patients. 

The procedure-related loss rate is an extremely im- 
portant statistic that should form the foundation of 
patient counseling. These data would suggest that pa- 
tients should be informed of an increasing risk of fetal 
loss that reaches significance at three attempts. Reas- 
sessment of the maternal risk and the advisability of 
amniocentesis for diagnosis should be discussed if two 
sampling attempts do not provide an appropriate vol- 
ume of villi for analysis (Fig. 2). Nonetheless, with the 
use of the spontaneous background rate of 4.3% in the 
group older than 35 years, the loss rate of 4.1% in our 
study group up to 20 weeks’ gestation (28 losses out of 
685 patients) compares favorably (Fig. 3). It would ap- 
pear that the procedure-related risk in patients who 
had one catheter insertion is extraordinarily small and, 
indeed, may be negligible. Two insertions result in a 
loss rate higher than background, and three insertions 
further increase the risk of fetal loss. The loss rates of 
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Fig. 2. Fetal losses as function of number of catheter insertions (attempts) expressed as percentage 
of total attempts. Solid bar indicates early loss; cross-hatched bar indicates late loss; right diagonal bar 


indicates remote loss. 
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Fig. 3. Percentage of fetal loss expressed as function of catheter insertions (attempts) compared with 


background spontaneous loss data of Wilson et a 


3% after one attempt, 7.8% after two attempts, and 
14.3% after three attempts conform favorably to other 
studies that address this concern.'® 

The designation of a particular fetal loss as “proce- 
dure related” or “not procedure related” is frequently 
speculative; pathophysiologic mechanisms responsible 
for fetal loss after chorionic villus sampling are clinically 
difficult to ascertain. Subchorionic hemorrhage ap- 


1,8 


pears to be the most obvious mechanism, but many 
losses remain idiopathic. Definition of a high-risk group 
is therefore difficult. However, it would seem prudent 
to approach with caution patients who have notable 
early pregnancy bleeding or subchorionic hematoma 
formation noted by ultrasonography before the pro- 
cedure. . 

At the present time the explanation of the causes of 
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maternal serum a-fetoprotein levels elevated, oligo- 
hydramnios, and fetal death is unclear. This association 
of findings has been reported in noninstrumented 

` pregnancies with a high incidence of renal abnormal- 
ities noted. There was no perceptible loss of amniotic 
fluid in this group of patients but an imperceptible loss 
of fluid or other possible causes of placental failure as 
has been suggested by others as a possible mechanism 
of this symptom complex cannot be excluded.'* 

In summary, these data imply that much of the pro- 
cedurally related risk of fetal loss after chorionic villus 
sampling may be a function of the number of catheter 
insertions with a significantly increased risk of fetal loss 
in those patients who have more than two sampling 
attempts. Counseling of patients should reflect this in- 
crease in risk. 
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Discussion 


Dr. GEORGE W. CORNELL, Suffolk, Virginia (Official 
Guest). Since the introduction about 20 years ago of 
chorionic villus sampling as a tool for prenatal diagnosis 
of genetic and enzymatic fetal defects, there has been 
a persistent problem in the establishment of the safety 
of the procedure relative to amniocentesis and a back- 
ground of spontaneous fetal wastage. A number of 
studies have been published that address this problem, 
and the present study adds to the entire body of knowl- 
edge on the subject. 

This study benefits from its large sample size, good 
follow-up, and clearly defined parameters. The central 
point of the study is that the risk of the procedure 
increased with the numer of attempts, and is signifi- 
cantly increased when one versus three attempts are 
compared. 

It would seem logical that operator experience would 
have a beneficial effect on sampling outcome and this 
has been suggested to be the case in some studies.’ The 
present study, however, clearly shows that this is not 
the case. It also shows that maternal age does not affect 
the outcome. This is in contrast with a study from The 
Netherlands’ that showed a statistically significant in- 
crease in risk with advancing maternal age, but not with 
the number of samplings. An earlier study’ suggested 
that sampling was safest in gestational weeks 9 through 
11, a finding not supported by the present study. Gra- 
vidity and quantity of villi aspirated are not shown to 
be statistically significant. A procedure-related loss of 
<1% is suggested, which agrees with loss rates in other 
studies. 

A large randomized multicenter study’ compared 
chorionic villus sampling at 9 to 12 weeks’ gestation 
amniocentesis at 15 to 17 weeks’ gestation. The results, 
although not statistically significant, suggested that the 
potential difference in loss rates between the two meth- 
ods was not more than 2.4% for women 235 years of 
age. There was an unexplained tendency to later losses 
in the chorionic villus sampling group. 

It is readily apparent from the literature that the 
original question of exactly what the risk of chorionic 
villus sampling is compared with amniocentesis and 
background loss is still now answered. In fact, it may 
never be answered because such a study would require 
that some study patients be randomized into a group 
in which nothing is done, which raises grave ethical 
concerns. 

Transcervical chorionic villus sampling is more dif- 
ficult when the placenta is in certain locations. The 
present paper does not correlate the number of at- 
tempts with placental location. This would be an inter- 
esting comparison. It might be possible to use transab- 
dominal chorionic villus sampling technique on selected 
placental locations to further reduce fetal loss and 
thereby increase the safety of the procedure. 
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Dr. Wane (Closing). I thank Dr. Cornell for his 
thoughtful comments, and I will elaborate on two as- 
pects of his discussion. 

First, the lack of a demonstrable effect of operator 
experience on the loss rate may be partially explained 
by the fact that the operator had performed > 100 prac- 
tice aspirations on >50 patients before beginning the 
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series of patients with continuing pregnancies reported 
here. Second, these data included the location of the 
implantation site of the placenta, but did not include 
the relative position of the uterine fundus to the median 
axis of the pelvis. The most important relationship 
deals with the accessibility of the implantation site and 
therefore is a function of the relative implantation site 
orientation to the internal cervical os. We do not have 
data on the position of the uterine fundus in this data 
base. For this reason, placental location as a potential 
variable was not included. 

The lack of impact of gestational age on ultimate 
outcome may well reflect our attempts to perform these 
procedures during a very narrow window of 9 to 11 
weeks’ gestational age when possible. 


The role of ultrasonography and amniocentesis in the 


evaluation of pregnancies at risk for neural tube defects 
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To assess the relative efficacy of amniocentesis versus targeted (detailed) ultrasonography, 225 patients 
referred because of an elevated maternal serum «-fetoprotein level (79.6%) or a family history of neural 
tube defect (20.4%) were evaluated. Ultrasonographic examination alone detected all 26 fetal 
abnormalities (i 1 cases of anencephaly, 10 cases of open spina bifida, and five other anomalies). 
Twenty-eight, patients declined amniocentesis; all had normal pregnancy outcomes. Of the 167 patients 
with apparently normal fetal anatomy by sonography, seven had elevated a-fetoprotein levels but no 
acetylcholinesterase i in the amniotic fluid. Six of these pregnancies resulted in normal infants; one infant 
had congenital nephrosis. The remaining 160 patients had normal sonograms with normal amniotic fluid 
a-fetoprotein levels and no fetal malformations at delivery. Although these results suggest that targeted 
ultrasonography by experienced personnel is a reasonable alternative to amniocenteésis in evaluations for 
neural tube defects, the availability, cost-effectiveness, and diagnostic accuracy of this approach must be 


well documented in large prospective studies. (Am J OBsTET GYNECOL 1989;161:520-4.) 
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defects 


Amniocentesis traditionally has been the procedure 
of choice for the evaluation of a pregnancy identified 
as being at risk for a fetus with a neural tube defect. 
These pregnancies usually were ascertained either be- 
cause of an elevated maternal serum a- fetopr otein level 
or because of a family history of neural tube defects. 
The published management protocols recommend that 
a level I (basic) ultrasonographic evaluation be per- 
formed after two unexplained elevations of maternal 
serum a-fetoprotein.'* If no explanation is found for 
the elevated level, an amniocentesis is performed. Be- 
tween 5% and 10% of the population undergoing am- 
niocentesis would be expected to have an elevated am- 
niotic fluid «-fetoprotein level.’ In this evaluation pro- 
tocol, patients then would undergo a detailed (targeted) 
ultrasonographic examination to delineate the precise 
lesions, e.g., a neural tube defect, ventral wall defect, 
or other fetal anomaly. 

With the advent of high-resolution ultrasonography, 
however, modifications to this protocol have been sug- 
gested, and the necessity of amniocentesis in all cases 
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can 


has been questioned.’ In this study we have analyzed 
the experience in out prenatal diagnosis program and 
assessed the relative efficacy of amniocentesis versus 
targeted ultrasonography in pregnancies at risk for a 
fetus with a neural tube defect. 


Material and methods 


From September 1985 through August 1988, 225 of 
the patients evaluated by the prenatal diagnosis pro- 
gram at the University of Virginia were referred be- 
cause of an increased risk for a neural tube defect 
(79.6% because of an elevated maternal serum a- 
fetoprotein level and 20.4% because of a family history 
of neural tube defect). Patients were initially evaluated 
between 15 and 21 weeks’ gestational age with a mean 
age of 17.9 weeks at the time of diagnosis. The 
criteria for referral were an initial maternal serum a- 
fetoprotein level >3.0 multiples of the median. If the 
initial value was 2.5 to 3.0 multiples of the median, the 
test was repeated, and evaluation undertaken if the 
second result was 22.5 multiples of the medians. Be- 
fore referral the majority of patients had undergone a 
basic sonogram to exclude incorrect gestational age, 
multiple gestation, and fetal death. Each patient was 
counseled regarding the risk of an abnormality and the 
benefits and limitations of diagnostic ultrasonographic 
examination and amniocentesis in providing a diag- 
nosis. A targeted ultrasonographic examination then 
was performed by physicians specifically trained in ob- 
stetric ultrasonography. The equipment used was a 
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General Electric RT3600 with either a 3.5 or 5.0 MHz 
linear array transducer. Amniocentesis for karyotype 
analysis and amniotic fluid a- fetoprotein determination 
thereafter was performed in all cases unless the patient 
declined further testing. Acetylcholinesterase was as- 
sayed on all’ fluid samples with an amniotic fluid ʻa- 
fetoprotein level of 22.0 multiples of the median. All 
patients who declined amniocentesis were requested to 
return for a follow- -up ultrasonographic examination 
four weeks later. 

Data on pregnancy outcome were obtained through 
the ongoing s surveillance program of the Prenatal Di- 
agnosis Center. This information was determined by 
written questionnaires and telephone contact with re- 
ferring physicians. 


Results 


Fetal malformations were detected in 26 cases (11.6% 
of patients evaluated) by the initial targeted ultraso- 
nographic examination (Table I). The mean level of 
maternal serum a-fetoprotein was 9.0 multiples of the 
median with a range of 2.9 to 29.0 multiples of the 
median. Twenty-one of these malformations were neu- 
ral tube defects (11 cases of anencephaly, 10 cases of 
myelomeningocele). Of the remaining five cases, four 
involved a fetus with omphalocele as one component 
of a multiple malformation syndrome. The fifth pa- 
tient, referred for evaluation of an elevated maternal 
serum a-fetoprotein level (2.9 multiples of the median), 
had a fetus with a Dandy-Walker malformation of thé 
posterior fossa, but there was no obvious defect to 
explain the laboratory ‘finding. Amniotic fluid a- 
fetoprotein: was 0.8 multiples of the median. 

Abnormal ultrasonographic findings were present in 
three additional cases. These patients had oligohy- 
dramnios without identifiable fetal malformations. One 
spontaneously aborted a grossly normal: fetus at 20 
weeks’ gestation, 2 weeks after the evaluation. Amnio- 
centesis was not performed. The second patient was 
initially evaluated at 20 weeks’ gestation and electively 
terminated her pregnancy when a follow-up sonogram 
4. weeks later indicated persistent oligohydramnios. 
The third patient was first seen at 18 weeks’ gestation 
and elected to continue the pregnancy. ` Serial ultraso- 
nographic scans at 2- to 3-week intervals were per- 
formed with fetal microcephaly first noted at 27 weeks’ 
gestational age with development of ventriculomegaly 
at 29 weeks. After delivery at term, clinical evaluation 
of the infant was suggestive of fetal infection. However, 
serologic studies and cultures were negative for- toxo- 
plasma, cytomegalovirus, rubella, herpes, syphilis, and 
enterovirus. These latter two patients both had amnio- 
centesis with ‘elevated amniotic fluid a-fetoprotein 
levels (3.8 and 8.9 multiples of the median, respec- 
tively). Electrophoresis for the prea of acetylcho- 
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Table I. Abnormalities detected 
by ultrasonography 






Maternal serum 
a-fetoprotein 
(multiples of 

median) (mean) 






Gestational age 
(wk) (mean) 






Diagnosis 





Anencephaly ll 13.1 17.6 

Open spina 10 4.7 18.6 
bifida : 

Omphalocele 4 14.3 16.5 
(with other 
abnormalities) 

Dandy-Walker 1 2.9 20 


malformation 





linesterase was inconclusive in both fluid samples (a 
faint band in patient 3 and a “smear” pattern between 
the pseudocholinesterase and the acetylcholinesterase 
position in patient 2). 

` There were 28 patients who declined amniocentesis 
after targeted sonography demonstrated apparently 
normal fetal anatomy; all had normal pregnancy 
outcomes. One patient with a maternal serum a- 
fetoprotein level of 3.2 multiples of the median refused 
all testing except a basic sonogram for dates performed 
outside the prenatal diagnosis program. She subse- 
quently was delivered of an infant with a 2 x 2 cm 
occipital encephalocele. 

Of the 167 patients with normal fetal anatomy and 
amniotic fluid volume by sonography who underwent 
amniocentesis, seven had elevated amniotic fluid a- 
fetoprotein levels. Acetylcholinesterase was absent in 
all cases. Six of these pregnancies resulted in normal 
infants. The seventh infant had a presumptive diag- 
nosis of congenital nephrosis on the basis of a maternal 
serum a-fetoprotein value of 19 multiples of the me- 
dian with an amniotic fluid a-fetoprotein of 43 multi- 
ples of the median. This diagnosis was confirmed at 
birth. The remaining 160 patients had normal amniotic 
fluid a-fetoprotein levels and no fetal malformations 
at delivery. There were no spontaneous abortions in 
the patients who underwent amniocentesis. 


Comment 


The results of this study indicate that detailed ultra- 
sonography is a reasonable alternative to amniocentesis 
in the evaluation of pregnancies at risk for a neural 
tube defect. All defects in our series were detected with 
ultrasonography before amniocentesis. The 28 patients 
who declined amniocentesis after a normal ultrasono- 
graphic examination were delivered of normal infants. 
In the remaining patients, except for the case of con- 
genital nephrosis, amniocentesis did not provide any 
additional information to influence their management. 
In fact, reliance on the ultrasonographic findings 
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avoided intervention in the six pregnancies with ele- 
vated amniotic fluid -a-fetoprotein levels and normal 
outcome. 

The previous recommendations for evaluating 
gravid women thought to have a fetus at risk for a 
neural tube defect were based on an efficacy rate of 
80% for the ultrasonographic diagnosis of spina 
bifida.** However, during the last decade, advances in 
ultrasonographic technology and increased experience 
in the field of obstetric ultrasonography have combined 
to greatly improve the diagnostic accuracy for detection 
of fetal abnormalities. The early diagnosis of spina bi- 
fida has been enhanced by Nicolaides et al., who first 
drew attention to cranial abnormalities that are asso- 
ciated findings in these cases. These signs consisting of 
alteration in cranial contour (“lemon sign”) and ab- 
normalities of the cerebellum and posterior fossa fa- 
cilitate the diagnosis of spina bifida between 16 and 24 
weeks’ gestation. Although no large study has yet doc- 
umented how often a spinal defect will be missed when 
such signs are used in conjunction with the evaluation 
of the bony spine, the diagnostic accuracy should be 
higher than the previously reported 80%. Further- 
more, there are defects other than neural tube defect 
that can cause maternal serum a-fetoprotein levels to 
be elevated, and discussions of risk on the basis of ul- 
trasonographic diagnosis must include these defects as 
well. 

However, there are a number a limitations to using 
sonography alone in the evaluation of these cases. The 
patients in this study were preselected to have a high 
prevalence of the disorder and were evaluated by ex- 
aminers experienced at detecting fetal abnormalities. 
To achieve the necessary diagnostic sensitivity, expe- 
rienced personnel and high-quality equipment are re- 
quired. These features are frequently available only in 
centers with prenatal diagnosis programs. The diag- 
nostic accuracy achieved in this study will not be ex- 
pected with screening ultrasonographic examinations. 
Furthermore, even established programs have missed 
as many as 25% of fetal abnormalities on an initial 
ultrasonographic examination.’ No defects were missed 
by ultrasonography in this study, but our numbers may 
be considered to be relatively small. Amniotic fuid anal- 
ysis also provided reassurance in the few cases where 
ultrasonographic visualization was not fully conclusive. 
It is therefore imperative that, if fetal detail is not vi- 
sualized unequivocally, amniocentesis be performed. 


The risk of pregnancy loss attributed to amniocen- ` 


tesis is approximately 0.5%. Therefore any comparison 
of the diagnostic methods must weigh the incidence of 
procedure-related loss against the missed diagnosis 
rate. The increased loss rate is a significant consider- 
ation in view of the already high rate of fetal death 
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before 20 weeks’ gestation in patients with elevated ma- 
ternal serum a-fetoprotein levels.” * Ultrasonography 
as the sole diagnostic modality offers the advantage of 
safety relative to amniocentesis. ; 

This study confirms that ultrasonography is a very 
sensitive tool for detecting neural tube defects in a high- 
risk population. The data from this study, together with 
those of Drugan et al.” and Richards et al.,* indicate 
that the diagnosis would have been missed six times in 
880 patients if ultrasonography were the only’ diag- 
nostic tool. This failure rate of 0.7% is similar to the 
procedure-related risk of amniocentesis. Thus the pre- 
liminary information indicates that targeted ultraso- 
nography alone may be a reasonable alternative when 
experienced personnel and high-quality equipment are 
available. However, until more data are available, we 
believe that the best approach in these patients is a 
targeted ultrasonographic examination followed by 
amniocentesis. 


We wish to thank Pat Allinson, Joan Hogge, Lisa 
Kirson, and Mary Ann Shires who provided gene- 
tic counseling for the patients in this study, and 
Nancy Breeden for expert ultrasonographic technical 
support. 
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Table I. Patients offered amniocentesis: 
December 1987 





No. screened 67,228 

No. offered amniocentesis 1,156 

No. declined 394 
Discussion 


Dr. Lewis H. NELSON, Winston-Salem, North Car- 
olina. At the Wake Forest Medical Center patients un- 
dergoing diagnostic amniocentesis, either early or rou- 
tinely, are advised that the pregnancy loss rate from 
the procedure is 1/300. Risks to the pregnancy from 
diagnostic ultrasonography, independent of operator 
judgment, appear to be zero according to safety state- 
ments by the American Institute of Ultrasound in Med- 
icine. Patients with an elevated maternal serum a- 
fetoprotein level above appropriate cutoffs have risks 
of open neural tube defects or other abnormalities that 
exceed the risk of an amniocentesis. The authors have 
presented their experience with the accuracy of ultra- 
sonography, comparing a low-risk procedure with one 
of essentially no risk if one ignores the skill of the ul- 
trasonographer. The issue of skill or operator effect is 
one of the two issues one must address in reviewing 
this presentation. 

The authors have alluded to the other issue of small 
numbers in their study. If one assumes that amniocen- 
tesis has a sensitivity rate of 99.5% for the detection of 
open neural tube defects, then for a comparable sen- 
sitivity with 95% confidence limits the authors would 
have to study approximately 604 cases. In the current 
study with 26 abnormal cases, the 95% confidence levels 
give a sensitivity with a lower level of 89.1%, this is not 
as good as that for amniocentesis. We also must ac- 
knowledge that in studying the 604 cases there theo- 
retically would have been two pregnancy losses. It is 
probably less hazardous legally, assuming good coun- 
seling before the procedure, to lose those two preg- 
nancies than to miss the neural tube defect on ultra- 
sonographic examination. 

Ultrasonography is an extremely operator- 
dependent diagnostic procedure. Personnel working as 
technologists require different training than similar 
people working as radiology technicians. Although the 
American Board of Obstetrics and Gynecology has in- 
sisted that residents be trained in ultrasonography, each 
program provides a variable experience. Ultrasono- 
graphic training is also part of the fellowship in 
maternal-fetal medicine. Experience and skill, although 
less than in residencies, also are variable in those fel- 
lowships. The skill level of the authors is not stated in 
the article and the reader should not assume that it is 
equal among them. If one ignores the issue of skill, we 
see an experience as illustrated in Tables I and II. Not 
all patients were seen at Wake Forest Medical Center. 

The authors also do not comment on the quality of 
the ultrasonographic examination. Are they willing to 
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Table II. Outcomes in cases with 
amniocentesis declined 





Amniocentesis declined 394 (34%) 
Normal outcomes 333 (85%) 
Neural tube defects 44 (11%) 

On ultrasonography 40 
Diagnosed at delivery 4 
Other anomalies 17 (4.3%) 


On ultrasonography 14 
Diagnosed at delivery 3 
Anomalies not detected 
before delivery 


7/61 (11.5%) 


state that “. . . targeted ultrasonography alone is a rea- 
sonable evaluation alternative to amniocentesis . . .” in 
a patient of reasonable size whose fetus is in a back 
posterior position? The concluding sentence of the ar- 
ticle is more realistic in the world of variable training 
and academic center egos. The authors state, “Al- 
though the preliminary information indicates that tar- 
geted ultrasonography may be a reasonable alternative, 
until more data are available, we believe that the best 
approach in these patients is a targeted ultrasono- 
graphic examination by experienced personnel, fol- 
lowed by amniocentesis.” My fear is that the majority 
of readers will not be responsible to that statement and 
I strongly encourage the authors to emphasize the point 
more strongly in their article. It would be advantageous 
to have an alternative to amniocentesis, but we are far 
from offering ultrasonography as the alternative at this 
time. 

Dr. RONALD WaDE, Charlotte, North Carolina. Are 


“any outcome data available for those with elevated se- 


rum a-fetoprotein levels and normal amniotic fluid a- 
fetoprotein levels? These patients are still at high risk 
and, even though they may have nonanomalous fe- 
tuses, those of us in high-risk obstetrics realize that we 
need to follow up these patients very closely. 

Dr. HoGce (Closing). Dr. Wade, in response to your 
question, we did not look at that particular information 
in this study, but we certainly know from just anec- 
dotal experience that there is, in fact, a much higher 
risk of pregnancy loss, early delivery, and small-for- 
gestational-age infants in patients with elevated serum 
levels of a-fetoprotein. There are a number of unusual 
things that will be coming out of the University of Vir- 
ginia’s prenatal diagnosis program in the form of case 
reports that have been related to high maternal seurm 
a-fetoprotein levels in the presence of normal amniotic 
fluid a-fetoprotein. 

I would like to thank Dr. Nelson for his discussion 
because he said the kinds of things that I would have 
liked to say very strongly in our Comment section. I 
will revise it with his comments in mind. We wanted to 
prove that amniocentesis was, in fact, the best modality. 
Our data, as you see, led us to have to reassess that 
particular approach. Hopefully, with large numbers, 
we will have the information that is unavailable at the 
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Table I. Patients with normal sonograms 
selecting amniocentesis 





Sept. 1, 1985--Aug. 31, 1989 
Sept. 1, 1988—Jan. 18, 1989 


167/196 (85.2%) 
24/35 (68.6%) 





present time. I emphasize what Dr. Nelson said; that 
is, these patients were somewhat unique in that each 
was seen by the same group of individuals each time. 
The ultrasonographers gained increasing experience 
as the study went on. I don’t think this is possible in 
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most places around the country, but our program is 
small. There is one disconcerting thing, as shown in 
Table I. The results of the study were discussed with 
our staff when the study was completed. During the 
time of the study, about 85% of the women chose am- 
niocentesis after their counseling session. Although the 
numbers are obviously quite small, you can see that the 
number has dropped rather dramatically to 68.6% 
since the study was completed. I would encourage other 
programs not to have this kind of change in their coun- 
seling programs. We will have another session with our 
staff on our return because this is not what we think 
should be happening at the present time. 





The effects of vibroacoustic stimulation on baseline heart rate, 


breathing activity, and body movements of normal 


term fetuses 
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To determine the fetal biophysical effects of vibroacoustic stimulation produced by an electronic artificial 
larynx we studied 20 normal term pregnancies assigned either to control (no stimulus) or experimental 
(stimulus) groups. Each fetus was observed for 3 hours; either no stimulus or a 3-second stimulus was 
delivered after the first hour. Fetal heart rate baseline and variation, breathing movement incidence, rate, 
and variation, and body movement incidence data were acquired concurrently and analyzed at 15-minute 
intervals. Intergroup comparisons showed that, after stimulation, fetal heart rate baseline and variation 
increased significantly, whereas breathing incidence fell during the first 15 minutes. Within-group analyses 
showed that poststimulus elevation of fetal heart rate baseline was the only significant time interaction over 
the 3 hours. Vibroacoustic stimulation appears to be primarily associated with transient alterations in fetal 
heart rate baseline; concomitant changes in breathing activity probably reflect normal biologic cycles. (AM 
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Clinical interest in vibroacoustic stimulation of the 
human fetus is derived from early observations’? that 
showed normal third-trimester fetuses had predictable 
tachycardic responses when brief sound or vibratory 
stimuli were transmitted through the material abdom- 
inal wall. More recently, artificial electronic larynges 
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have been used in antepartum tests to stimulate fetal 
heart rate (FHR) “reactivity,” * and during intrapar- 
tum monitoring to predict fetal acid-base status.* ® In- 
vestigations of the possible effects of vibroacoustic stim- 
ulation on fetal activity have shown (1) gestational age— 
related differences in FHR, fetal breathing movement, 
and body movement responses and (2) possible pro- 
longation of these effects at term for =1 hour.” Because 
most antepartum fetal evaluations are performed at or 
near term, it would be important to examine the con- 
sequences of vibroacoustic stimulation in this gesta- 
tional age group with regard to the occurrence, mag- 
nitude, and duration of any observed alterations in 
these activity responses. 

The present study was conducted to determine the 
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effects of a uniform vibroacoustic stimulus produced 
by an electronic artificial larynx and observed under 
standardized environmental conditions on baseline 
FHR, FHR variation, fetal breathing movement and 
fetal body movement, and fetal breathing movement 
rate and variability. 


Material and methods 


Study population. A total of 20 healthy women with 
pregnancies between 37 weeks’ and 40 weeks’ gestation 
were recruited from the general obstetric population 
at the Medical College of Georgia Hospital and Clinics. 
All patients had normal prenatal courses with gesta- 
tional age confirmed by ultrasonographic measure- 
ments before week 20 of pregnancy and normal re- 
sponses to glucose screening between 24 weeks’ and 32 
weeks’ gestation. None of the patients smoked or re- 
ceived medications other than prenatal vitamins. All 
fetuses were singleton, appropriate in size for dates, 
and anatomically normal. Patients were entered into 
the study after they signed an informed consent form 
approved by the institutional Human Assurance Com- 
mittee. 

Study design. Patients were instructed to eat an ap- 
proximately 400 kcal breakfast on the day of study, to 
refrain from eating after study began, and to avoid for 
the preceding 24 hours drugs with central nervous sys- 
tem effects or beverages that contained caffeine. Before 
each study, patients were assigned by random lot to 
either the control (unstimulated) or the experimental 
(stimulated) group. The principal investigator was not 
aware of each patient’s group assignment during the 
study. 

Studies were conducted in a quiet room with the 
patient in a semirecumbent position, at 2 hours after a 
meal. A I-hour baseline observation period was then 
begun, after which the principal investigator left the 
study area and was unable to hear whether the stimulus 
was applied. An artificial electronic larynx (Western 
Electric Model 5C, Wallingford, Conn., courtesy of 
John Kasper, Corometrics Medical Systems) was placed 
on the maternal abdomen over the fetal vertex and, 
according to group assignment, either no signal was 
delivered or a 3-second vibroacoustic pulse was gen- 
erated. The physical properties of this device have been 
previously described.’ The investigator returned to the 
study room and observation continued for 2 additional 
hours. 

Data collection and analysis. Concurrent observa- 
tions were made of FHR baseline, acquired from an 
electronic fetal monitor (Hewlett Packard Model 
8040A, Boblingen, West Germany) in the Doppler 
mode, and hardwired to the serial port of a specially 
programmed IBM XT microcomputer (512K random- 
access memory), and of real-time ultrasonographic de- 
tection of fetal breathing movement and fetal body 
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Table I. Outcome of study group patients 





Experimental 
Control group (No group 
stimulus) (Stimulus) 
No. = 10 No. = 10 
Gestational age at 38.7 + 0.9 37.9 + 0.3 
_ study (wk) 
Gestational age at de- 40.0 + 0.7 40.0 + 13 
livery (wk) 
Birth weight (gm) 3255 + 384 3412 + 179 
5-Minute Apgar score 8.8 + 1.1 8.8 + 0.7 


Each value expressed as mean + SD. 


movement with a remote-event marker, hardwired to 
the computer as previously described.’ The recognition 
of fetal breathing movements and fetal body move- 
ments followed the criteria reported by Patrick et al.’ 

At the conclusion of each study the following bio- 
physical observations were analyzed off-line at 15- 
minute intervals: (1) baseline FHR; (2) long-term FHR 
variation (l-minute coefficient of variation of FHR 
baseline); (3) percentage of time spent breathing; (4) 
breath rate; (5) coefficient of variation of mean breath 
interval; and (6) percentage of time spent in body 
movements. 

Statistical treatment of the data used a correlational 
analysis of variance. A p value <0.05 was considered 
significant. 


Results 


All results are presented as mean + SD. 

Obstetric outcomes. All patients were delivered of 
infants at term and their infants had no intrapartum 
or postpartum complications. Each neonate was judged 
to be of appropriate size for gestational age, and had 
a 5-minute Apgar score >7. All neonatal courses were 
normal. A comparison of gestational age at testing and 
delivery, birth weight, and mean 5-minute Apgar scores 
between control and experimental groups is shown in 
Table I. There were no significant differences between 
the groups for any of these variables. 

FHR baseline. Mean 15-minute FHR baseline values 
of the control and experimental groups were 135 + 6 
beats/min and 136 + 8 beats/min, respectively, and 
were not significantly different during the initial 60 
minutes of observation (Fig. 1). The FHR baseline of 
the experimental group increased significantly (to 
147 + 9 beats/min) during the first 15 minutes af- 
ter stimulation when compared with the control group 
(p < 0.05). Analysis of variance with repeated measures 
confirmed that the significant change in mean baseline 
FHR for the experimental group was confined to the 
first 15 minutes after stimulation ( = 0,001). Initial 
60-minute control period values of mean |-minute co- 
efficients of variation of FHR baseline were similar in 
the experimental and control groups (0.045 + 0.02 
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Fig. 1. Mean baseline FHR is plotted in 15-minute intervals 
before and after vibroacoustic stimulation(s). Experimental 
group is indicated by broken line; control group is indicated by 
solid line. Bars represent SEM. 
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Fig. 2. Mean 1-minute coefficient of variation of baseline FHR 
is plotted in 15-minute intervals before and after vibroacoustic 
stimulation(s). Experimental group is indicated by broken line; 
control group is indicated by solid line. Bars represent SEM. 


and 0.048 + 0.03, respectively) (Fig. 2). Mean l- 
minute coefficient of variation of baseline FHR also 
increased for the experimental group during the first 
15 minutes after stimulation, when compared with 
the control group (p < 0.05). Analysis of variance 
with repeated measures showed no significant differ- 
ences in either group for the remainder of the study 
period. 

Fetal breathing activity. The mean 15-minute per- 
centage of time spent breathing was similar for both 
groups (control group: 37.4% + 27.8%; experimental 
group: 29.0% + 25.3%) during the first hour of study. 
After stimulation there was a significant fall in breath- 
ing activity for the experimental group to 17.8% + 


15.9% (p < 0.05) when compared with the control- 


group (Fig. 3). Analysis of variance with repeated mea- 
sures showed that trends in breathing activity were not 
significantly different in either the experimental or 
control group. Fetal breath rates were similar in both 
groups during the control period and after stimulation 
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Fig. 3. Mean time spent breathing is plotted in 15-minute 
intervals before and after vibroacoustic stimulation(s). Exper- 
imental group is indicated by broken line; control group is in- 
dicated by solid line. Bars represent SEM. 


(Fig. 4) as were mean 15-minute coefficients of varia- 
tion of breath intervals (Fig. 5). 

Fetal body movements. The mean 15-minute per- 
centage of time spent in movement was 4.4% + 6.0% 
and 4.9% + 5.0% in the experimental control groups, 
respectively, during the control period. These values 
were not significantly different. After stimulation there 
were no immediate changes in this activity. Although 
a peak in fetal body movement incidence occurred at 
120 minutes in the experimental group, analysis of var- 
iance failed to show significant effects with time in ei- 
ther group over the total study period (Fig. 6). 

Individual fetal responses. Eight of the experimen- 
tal group fetuses had an increase in mean baseline FHR 
(>10 beats/min) and six had a decline in fetal breathing 
movement during the first 15 minutes after stimulation 
(>50%). Two fetuses had no apparent biophysical re- 
sponse to the stimulus. When behavioral state vectors 
(e.g, FHR variation, fetal movement incidence, and 
fetal breathing patterns) were taken into consideration, 
there were no apparent differences in prestimulus 
states between fetuses with altered biophysical activities 
and those with unchanged poststimulation activities. 
Although rapid eye movements were not continuously 
recorded as part of the study protocol, the consistent 
presence of irregular breathing activity, the pattern of 
baseline FHR variability, and relatively low incidence 
of fetal body movement, suggested that all of the fetuses 
in both the control and the experimental group were 
either entering or already in an active sleep state. 


Comment 


This study has shown that a uniform brief vibroa- 
coustic stimulus is associated with alterations in selected 
biophysical parameters of normal term human fetuses. 
Under standardized observation conditions with the 
use of a computerized data acquisition and analysis sys- 
tem, we have been able to describe precisely the mag- 
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Fig. 4. Mean fetal breath rate is plotted in 15-minute intervals 
before and after vibroacoustic stimulation(s). Experimental 
group is indicated by broken line; control group is indicated by 
solid line. Bars represent SEM. 


nitude and duration of these responses. Most healthy 
term fetuses appear to respond to an external vibroa- 
coustic signal with transient increases in baseline FHR 
and FHR variation, largely confined to the first 15 min- 
utes after stimulation. Concurrently, fetal breathing ac- 
tivity declines sharply in the stimulated group during 
the first ‘15 minutes and throughout the remainder of 
observation in both groups. This probably reflects nat- 
urally occurring biologic cycles" rather than sustained 
poststimulus effects. Poststimulus changes in biophys- 
ical activity appear to be selective as fetal body move- 
ment incidence and breath interval variability were not 
significantly changed. The presence or absence of fetal 
“responses” to vibroacoustic stimulation are not entirely 
predictable, as two fetuses did not show changes in 
biophysical activity. An important observation is that 
any alteration in biophysical response that might be 
attributed to vibroacoustic stimulation does not seem 
to be prolonged for more than 15 minutes after stim- 
ulation. 

Whereas vibroacoustic stimulation of the human fe- 
tus has been studied >50 years,’ the recent reports of 
Gagnon et al.” were among the first to explore possible 
mechanisms of its action. The present study is similar 
in design and intent to those of Gagnon etal. but differs 
in several important respects. First, the observation pe- 
riod was 60 minutes longer so that at least one com- 
pleted biologic cycle? would be included during the 
study. The actual pulse duration was 2 seconds shorter. 
The statistical treatment of our study data differed 
from theirs in that our analysis focused on the intra- 
group effects of time and the possible intergroup dif- 
ferences that might be attributed to the experimental 
maneuver. These differences in study approach suggest 
that-between groups, the most likely sources of differ- 
ences in any biophysical parameter value, excluding the 
initial 15-minute poststimulation period, result from 
normal biologic cycles, as described by Campbell et al." 
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Fig. 5. Mean coefficient of variation of mean breath intervals 
is plotted in 15-minute intervals before and after vibroacoustic 
stimulation(s). Experimental group is indicated by broken line; 
control group is indicated by solid line, Bars represent SEM. 
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Fig. 6. Mean percentage of time spent in movement is plotted 
in 15-minute intervals before and after vibroacoustic stimu- 
Jation(s), Experimental group is indicated by broken line; con- 
trol groups is indicated by solid line. Bars represent SEM. 


The mechanism of action by which vibroacoustic 
stimulation appears to affect the fetus is undetermined. 
Grimwade et al.” have suggested that the vibratory 
component is more important than the acoustic com- 
ponent in eliciting responses. Fetal sensitivity to this 
stimulus may be related to the maturation of sensory 
pathways that involve Meissner corpuscles, as the oc- 
currence and magnitude of a poststimulus response are 
directly related to length of gestation.’ Our data dem- 
onstrate that, even at term, not all normal fetuses re- 
spond to vibroacoustic stimulation and thus suggest 
that the stimulus-response characteristics of this system 
may continue to vary throughout pregnancy. 

Our data do not support the speculation that vi- 
broacoustic stimulation alters subsequent fetal behav- 
ioral states,’ as characterized by coherent patterns of 
motor activity that persist for at least several minutes. 
If significant or prolonged alterations in state had oc- 
curred, significant coincident differences in FHR vari- 
ation, body movement incidence, breathing activity, 
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and FHR baseline would have been apparent, especially 
because the study population was at a gestational age 
when behavioral stages are well organized. It appears 
more likely that poststimulus changes involve individ- 
ual state vectors for brief periods of time. 

In conclusion, we have attempted to identify and 
clarify some of the fetal biophysical effects associated 
with vibroacoustic stimulation, delivered by an. elec- 
tronic larynx. These effects are brief and do not gen- 
erally persist more than 15 minutes after the stimulus 
is applied. The directions in which state-related activ- 
ities are changed and the lack of uniformity in post- 
stimulus fetal responses suggest that disorganization of 
behavioral state may occur after vibroacoustic stimulus. 
It is important to obtain additional information con- 
cerning the mechanisms of vibraocoustic stimulation 
before it can be récommended without qualifications 
for assessment of fetal well-being. 
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Discussion 


Dr. Guy M. HARBERT, JR., Charlottesville, Virginia. 
For >50 years it has been known that the fetus responds 
to sound and vibration. In 1977 clinical application of 
these observations was stimulated by Read and Miller' 
when they published preliminary results that indicated 
acoustic stimulation of the fetus evoked accelerations 
in FHR that correlated well with fetal outcome. They 
proposed that a positive fetal response to auditory stim- 
ulation would obviate the need for an oxytocin chal- 
lenge test. In 1984 Serafini and colleagues? at the Uni- 
versity of Maryland reported that acoustic stimulation 
was a safe and rapid test of fetoplacental sufficiency 
comparable to nonstress tests in reliability. Over the 
next 2 years, retrospective studies chamipioned the ad- 
vantages of fetal acoustic stimulation in the decrease in 
the incidence of nonreactive nonstress tests and'in the 
reduction of testing time. 

With the use of the number of published manuscripts 
as a guide, it would appear that fetal acoustic stimu- 
lation came of age in the latter half of 1987. 

In 1988 there were articles that suggested ultrasonic 
imaging of fetal facial reactions and response decre- 
ment patterns to acoustic stimulation may be a use- 
ful tool’ for in utero neurologic evaluation’ and that 
differences in response may distinguish the small- 
for-gestational-age fetus from one with appropriate 
growth." Investigators who performed Doppler flow ve- 
locity measurements demonstrated a significant de- 
crease in umbilical peak-systolic/end-diastolic ratios im- 
mediately after acoustic stimulation.® Others have re- 
corded the sound pressure in amniotic fluid created by 
application of an electronic artificial larynx to the ab- 
dominal surface of pregnant ewes. ` 

Wheras fetal acoustic:stimulation is generally consid- 
ered to be safe, severe fetal bradycardia caused by ex- 
ternal vibratory acoustic stimulation has been re- 
ported.” With an increase in interest in and application 
of acoustic stimulation ofthe fetus, this presentation, 
which describes the occurrence, magnitude, and du- 
ration of some aspects of the fetal response to a vi- 
broacoustic stimulus, is very appropriate. 

The investigational protocol is well designed, the con- 
trol and experimental groups are well matched and the 
conclusions are appropriate for the data presented. Ex- 
tension of the observation period to include at least one 
completed biologic cyéle is a significant contribution to 
better understanding of the fetal biophysical effects. A 
weakness of the experimental design is that a cross- 
over study was not performed. This would have dou- 
bled the data points without jeopardizing the initial 
randomization. Because each subject would then serve 
as her own control, it would have emphasized the dif- 
ferences or lack thereof that occurred as a result of 
vibroacoustic stimulation. However, failure to do this 
cross-over does not detract from the significance of the 
findings. 

The statistics used are appropriate but are sometimes 
confusing in their presentation. For example, it is stated 
that fetal breathing activity in the experimental group 
was decreased significantly after stimulation, yet the 
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analysis of variance with repeated measures showed 
that this trend was not significantly different from that 
observed in the control group. The latter statement 
could lead one to question whether there was really a 
change in fetal breathing activity in response to the 
stimulus. 

I have three other questions. First, under individual 
fetal responses, it is reported that eight of the experi- 
mental fetuses had an increase in mean baseline heart 
rate and six had a decline in fetal breathing movements. 
This leaves the possibility that two of the fetuses that 
were stimulated showed no response in either heart rate 
or breathing movements. Is this correct? 

Second, you state that the consistent presence of ir- 
regular breathing activity, the pattern of baseline FHR 
variability, and the relatively low instance of fetal body 
movement suggests that all of the fetuses who received 
stimulation were either entering or already in an active 
sleep state. Would not this ‘statement also apply to the 
control group? 

And third, other investigators have reported a sig- 
nificant negative correlation between the maximum of 
the first FHR acceleration and the prestimulation basal 
FHR.< Did you note such a correlation? 

I compliment Dr. Devoe and colleagues on their 
study of the fetal biophysical effects associated with 
vibroacoustic stimulation and encourage them to con- 
tinue and expand their investigations. All too often in 
obstetrics we have seen new techniques accepted as 
dogma in clinical situations with only minimal under- 
standing of the mechanisms. involved. With the appar- 
ent proliferation of interest in fetal vibratory acoustic 
stimulation each contribution of basic information such 
as presented here will enable us to better interpret and 
understand the safety and the significance of stimulus 
response in clinical situations. 
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Dr. WiLtiaM F. O’Brien, Tampa, Florida. This is 
excellent and important work for a very important rea- 
son. We are getting farther along in the avoidance of 
contraction stress tests by doing vibroacoustic stimu- 
lation in the patient who has nonreactive nonstress test 
results. However, we begin to lose track of the fact that 
what we really are trying to do is to find that very small 
group of fetuses that have a high likelihood of poor 
outcome. Reactivity after vibroacoustic stimulation of- 
fers a degree of reassurance similar to reactivity without 
vibroacoustic stimulation. It is important for us to know 
what vibroacoustic stimulation does to other test pa- 
rameters such as the biophysical profile. How long after 
a vibroacoustic stimulation test must we wait before 
performance of a biophysical profile? Dr. Devoe’s study 
suggests to me that a biophysical profile done 30 to 45 
minutes later is not affected by a preceding vibroa- 
coustic stimulation. I want to ask Dr. Devoe whether 
he agrees with this conclusion. 

Dr. JoHN W. C. JOHNSON, Gainesville, Florida. I 
also congratulate Dr. Devoe on a very well-designed 
study and particularly on his precautionary conclu- 
sions. There are a number of people who have 
raised concerns about the acoustic pressure gener- 
ated by this test and to date there really have not 
been any careful follow-up studies as to whether there 
might be auditory damage as a result of this study. 
I wonder whether Dr. Devoe has any information 
or concerns about this issue. 

Dr. Devoe (Closing). I appreciate the constructive 
insights of Dr. Harbert and agree that a cross-over study 
would have been ideal if it would have been practical 
to have arranged second sessions for each patient. In 
response to his first question, the analysis of our data 
shows that extension of the study period for 2 hours 
after stimulation supports the conclusion that alter- 
ations in breathing activity, which occurred in both 
groups, are unlikely to have resulted from stimulation. 
As to the next question, two fetuses in the experimetnal 
group did not show altered FHR or breathing activity 
after stimulus. It is also probable that fetuses in both 
the control group and the experimental group were 
entering or already in active sleep before stimulation. 
Our observations with regard to prestimulus baseline 
and first FHR accelerations are similar to those re- 
ported by Gagnon et al. 

Dr. O’Brien raises a thoughtful question (i.e., does 
vibroacoustic stimulation have a lingering effect on sub- 
sequent biophysical tests?), Our data suggest that such 
an effect would be unlikely after the first 15 minutes 
after stimulation. 

Dr. Johnson focuses on an area of common concern: 
is this technology safe for the infant? Whereas no ad- 
verse effects have been reported for our study infants, 
I cannot offer this as a blanket endorsement as our 
numbers are small and the follow-up period was con- 
fined to the time spent in the normal newborn nursery. 


Seminoma in pubertal patient with androgen 


insensitivity syndrome 


W. Glenn Hurt, MD; Joann N. Bodurtha, MD,” Janice B. McCall, MD, and 


M. Moinuddin Ali, MD* 
Richmond, Virgima 


The case of a 14-year-old girl with complete androgen insensitivity syndrome and metastatic seminoma is 


reported. < 


Che was treated by bilateral adnexectomy, removal of paraaortic lymph nodes, postoperative 


radiation, and estrogen replacement therapy. She represents the fourth case of gonadal malignancy to bė 
reported in a teenage patient with androgen insensitivity syndrome. (Am J OasTeT Gyneco 1989;161: 


530-1.) 
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Complete androgen insensitivity syndrome is a ge- 
netic disorder with X-linked inheritance that is asso- 
ciated with an XY karyotype, bilaterally maldescended 
testes, and androgen insensitivity caused by aridrogen 
receptor defect(s). Individuals with androgen insensi- 
tivity syndrome are prone to develop gonadal tumors 
but have been observed to do so at a later age and with 
less frequency than those with gonadal dysgenesis. We 
believe this is the fourth case of invasive gonadal ma- 
lignancy to be reported in a teenage patient with an- 
drogen insensitivity syndrome. 


Case report 


A 14-year- -old nulligravid patient was referréd be- 
cause of an abdominopelvic mass and primary amen- 
orrhea. The patient had a female phenotype, Tanner 
IH breast development, and no secondary sexual hair. 
The blind vagina was 3 cm Jong. A large, firm mass 
filled the pelvic and lower abdominal cavities and ex- 
tended to within 3 cm of the lower margin of the um- 
bilicus. 

The -subunit of human chorionic gonadotropin, a- 
fetoprotein, CA 125, and carcinoembryonic antigen 
levels were normal. Results of chest radiography and 
excretory urography were normal. Transvaginal fine- 
needle aspiration of the mass was performed; the.cy- 
topathologic diagnosis was dysgerminoma-seminoma. 

Exploratory laparotomy revealed a solid left adnexal 
mass that filled the lower abdominal and pelvic cavities, 
a right adnexal mass that resembled a testicle, and two 
suspicious left paraaortic lymph nodes underlying the 
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left renal vessels. There was no evidence of a uterus. 
Both adnexa, the two lymph nodes, and a portion of 
the omentum were removed. 

The left adnexal mass measured 17 x 12 x 6 cm 
and weighed 930 gm. Histologically it was typical ofa 
seminoma. The right adnexal mass was an immature 
testis that contained foci of intratubular seminoma. Mé- 
tastases of 1 x 2 cm. were present in each of the two 
left paraaortic lymph nodes. 

The patient was treated with radiation therapy as fer 
a stage IIA testicular seminoma (M. D. Anderson-mod- 
ification of the Dixon and Moore staging system). A 4 
MeV linear accelerator was used to deliver a total dose 
of 2445 cGy to the pelvic and paraaortic areas with a 
boost of 600 cGy to the site of the positive paraaortic 
nodes. Three weeks later, the mediastinum and supra- 
clavicular fossae were treated with a total dose of 2550 
cGy. The patient takes conjugated estrogen as replace- 
ment therapy. She is now well and free of disease 18 
months after surgery. 

Cytogenetically, the patient was reported to have a 
46,XY karyotype with no evidence of mosaicism. The 
presence of a structurally normal Y chromosome was 
confirmed by C-banding. Studies performed on skin 
from the labia majora revealed 5 a-reductase activity 
of 18.5 pmol/h/mg protein (normal > 1.0) and an an- 
drogen. receptor level of 1.1 fmol/mg protein (nor- 
mal > 15.0). The patient is reported to have had an 
aunt who was not able to have children because she 
had “the.internal organs of a male.” 


Comment N l l 
_In their study of 181 cases of androgen'insensitivity 
syndrome, Morris and Mahesh’ found a 22% overall 
incidence of malignant gonadal tumors. The majority 
of the malignancies were seminomas, but there was also 
a malignant teratoma and a Sertoli-Leydig cell tumor. 
Of the patients with gonadal tumors in their series, one 


was a teenager, two were patients in their 20s, and the 
remainder were 30 years of age or older. The one teen- 
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ager, reported originally by Carmichael and Oldfield,’ 
was 14 years old and had a malignant teratoma of the 
left gonad. This is the youngest patient with androgen 
insensitivity syndrome reported with an invasive go- 
nadal malignancy. 

Perez-Palacios and Jaffe? reported that one of their 
patients with androgen insensitivity syndrome had an 
18-year-old sibling who died with an “abdominal ma- 
lignancy” that was a gonadal stromal tumor and was 
associated with absence of the uterus. The fact that 
complete androgen insensitivity syndrome is an X- 
linked trait suggests that this sibling may have had the 
disorder. 


Horcher et al." reported a 15-year-old patient in . 


whom they diagnosed androgen insensitivity syn- 
drome. On the basis of the recommendation that pa- 
tients with androgen insensitivity syndrome be allowed 
to complete pubertal feminization, they chose not to 
perform prophylactic gonadectomy at the time the di- 
agnosis was made. When the patient was 16, she had 
surgery because of increasing pain in the left inguinal 
region. The left testis was partially within the inguinal 
canal, and this was thought to be the cause of the pain. 
The right testis was free within the abdomen; it con- 
tained a seminoma. 

To calculate the potential for the development of 
gonadal tumors in patients with androgen insensitivity 
syndrome, Manuel et al.* combined a series of 23 cases 
of patients with no tumors with 82 cases from the med- 
ical literature and determined that the expectancy of 
tumors is 3.6% at age 25 and 33% at age 50. They 
conclude that “if a risk of something less than four 
percent is acceptable, delay in removal of the gonads 
may be entertained until approximately the age of 
thirty.” 

More recently Muller and Skakkebaek" have de- 
scribed carcinoma in situ in the testes of three of eight 
consecutive patients with incomplete androgen insen- 
sitivity syndrome at 2 months and at 13 and 14 years 
of age. These findings led them to recommend gonadal 
biopsy as soon as the syndrome is diagnosed. If the 
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biopsy results reveal carcinoma in situ, they advocate 
immediate gonadectomy. If the biopsy was performed 
in early childhood with negative results, they recom- 
mend that it be repeated at puberty since the accuracy 
of a single biopsy is not known to determine whether 
gonadectomy can be further delayed. The recommen- 
dation that patients have serial biopsies and that go- 
nadectomy be based on biopsy results has not gained 
wide acceptance. 

Women with XY karyotypes are at increased risk for 
development of gonadal malignancies. Those with go- 
nadal dysgenesis are more likely to develop gonadal 
malignancies and at a younger age than those with an- 
drogen insensitivity syndrome. It is accepted that pa- 
tients with gonadal dysgenesis should have prophylactic 
gonadectomy as soon as their condition is diagnosed. 
The fact that three young patients with incomplete an- 
drogen insensitivity syndrome have been found to have 
carcinoma in situ of the testes and that four teenagers 
have been reported to have invasive gonadal malig- 
nancies suggests the need to reevaluate the recommen- 
dation that prophylactic gonadectomy in androgen in- 
sensitivity syndrome patients be postponed to permit 
pubertal growth and feminization. Gonadal biopsy may 
be a method to determine when to perform gona- 
dectomy. 
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Successful pregnancy after a liver transplant 


Cynthia J. Sims, MD, Kathy B. Porter, MD, and Robert A. Knuppel, MD, MPH 


Tampa, Florida 


The literature contains limited reports on successful pregnancy outcomes after a liver transplant. We report 
an uncomplicated pregnancy and delivery in a patient 835 months after liver transplantation because of 
chronic active hepatitis with resultant liver failure secondary to non-A non-B hepatitis. (Am J OBSTET 


GYNECOL 1989;161:532-3.) 


Key words: Liver transplant, pregnancy outcome 


This is a case report of a patient with a liver transplant 
who had a subsequent successful pregnancy outcome. 
Because only a few cases have been reported with varied 
outcomes, information gained from these reports dur- 
ing pregnancy and from other transplant recipients will 
assist in the guidance of obstetric management of these 
cases. 


Case report 


On June 11, 1987, a 26-year-old gravida 1, female 
was seen at an estimated gestational age of 10 weeks. 
Her medical history was remarkable for non-A non-B 
hepatitis that led to chronic active hepatitis and sub- 
sequent liver failure. In 1984 she underwent an ortho- 
topic liver transplant with a relatively uncomplicated 
postoperative course, Over the subsequent year she was 
maintained on the immunosuppressive agent cyclospo- 
rine, 150 mg orally every 12 hours. After this regimen, 
results of liver function tests remained within the nor- 
mal range without evidence of rejection. No serious 
infections were noted during the 6 months before preg- 
nancy. 

We chose to continue the patient on the immuno- 
suppressive therapy that was established before preg- 
nancy. Initial and subsequent laboratory evaluations of 
hepatic and renal function were normal. Serial sono- 
grams revealed adequate growth of the fetus. No fetal 
anomalies were detected by ultrasonographic evalua- 
tion. At 32 weeks’ gestation weekly nonstress tests were 
started and were noted to be reactive. At 38 weeks’ 
gestation the fetus was noted to be in a breech presen- 
tation. On admission to the labor and delivery suite for 
an external cephalic version, the fetus spontaneously 
turned to a vertex presentation. The cervical exami- 
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nation revealed a Bishop score of 9, thus oxytocin in- 
duction of labor was begun. The patient underwent a 
spontaneous vaginal delivery of a 2724 gm female in- 
fant 13 hours later. Apgar scores were 9 at 1 and 5 
minutes, respectively. The neonate did not have any 
obvious anomalies. After an uneventful 2-day nursery 
stay, the neonate was discharged to home with her 
mother. Breast-feeding was not advised while taking 
cyclosporine. At 3 months of age, the infant had a lower 
urinary tract infection that promptly responded to 
therapy. The mother and her infant were doing well 
12 months after delivery. 


Comment 


The first case report of a successful pregnancy in a 
patient after a liver transplant was reported by Walcott 
et al. in 1978.' In 1980 Myers et al.” reported two dif- 
ferent term pregnancies in the same patient. Newton 
et al.’ reported the fourth third-trimester pregnancy 
associated with a liver transplantation patient. The 
pregnancy was complicated by abruptio placentae and 
preterm delivery at 27.5 weeks’ gestation; both mother 
and infant survived. In each case the patient was im- 
munosuppressed with azathioprine. In 1988 two cases 
were reported by Venkataramanan et al. Immuno- 
suppression was achieved with cyclosporine. 

Standards of care for liver transplant recipients who 
conceive are not well established. When managing a 
liver transplant patient during pregnancy many issues 
still raise concern. Little is known about the effect of 
the pregnancy precipitating rejection of the trans- 
planted liver. Also, the transplanted liver may affect 
the course of the pregnancy. These effects were not 
observed in our patient. 

A particular concern during pregnancy in liver trans- 
plant recipients is the potential harmful effect of 
chronic maternal immunosuppression. The literature 
available on renal transplant patients served as an im- 
portant guide in the management of our patient. How- 
ever, the majority of the literature contains information 
about the immunosuppressive agent azathioprine. Hu- 
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man organ transplant recipient survival rate has been 
improved by use of the immunosuppressive agent cy- 
closporine. Cyclosporine is lipid soluble, widely distrib- 
uted in the body, and highly metabolized. Cyclosporine 
has been detected in cord blood, placenta, amniotic 
fluid, and breast milk. The toxicity of cyclosporine me- 
tabolites is unknown. Cyclosporine did not produce any 
chromosomal abnormalities in animals exposed to 
chronic therapy. Further follow-up is necessary to eval- 
uate the possible effects on the fetus exposed to chronic 
cyclosporine immunosuppression in utero, 

The care of the organ transplant recipient during 
pregnancy requires a team approach. Not only are the 
immediate concerns of the pregnancy important, but 
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long-term follow-up of the mother and her infant will 
be relevant to fully evaluate the extent of possible com- 
plications. 
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A clinical-pathologic study of mixed miillerian tumors of the 
uterus over a 16-year period—The Medical College of 


Georgia experience 


Donald G. Gallup, MD, Donna S. Gable, MD, O. Eduardo Talledo, MD, and 


Luther B. Otken, Jr., MD 
Augusta, Georgia 


From 1972 through 1987, 40 patients at the Medical College of Georgia were assessed with a diagnosis of 
mixed millerian tumors which constituted 3.5% of all female genital tract malignancies. The mean patient 
age was 65.3 years; 60% of the patients had stage | disease. Of those patients with clinical stage | 
disease, more advanced disease was found at celiotomy in 33%. Retroperitoneal nodes were positive for 
malignancy in 35% of 20 patients who underwent node sampling. Cell washings were positive in 12%, and 
9% had omental metastases. Forty-seven percent had homologous tumors; 53% of tumors were 
heterologous. Relatively poor prognosis was associated with large tumor volume, vascular invasion, nodal 
metastases, and disease outside the uterus. The overall survival rate was 32%; 14 of 24 patients with 
stage | disease are dead of disease. Of patients dead of disease, 92.5% had distant metastases. Adjuvant 
therapy with a combination of VP-16, cisplatin, and irradiation was beneficial in four high-risk patients. (Am 


J OssTeT GYNECOL 1989;161:533-9.) 
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Mixed miillerian tumors of the uterus have been tra- 
ditionally associated with a relatively poor prognosis. 
Controversies about some prognostic factors continue. 
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Mixed tumors with homologous patterns (tissue ele- 
ments entirely indigenous to the uterus) have been 
thought to be associated with a better survival than 
mixed tumors with heterologous elements (tissue with 
cells foreign to the uterus). If the heterologous element 
present is other than chondrosarcoma (i.e., striated 
muscle), survival has been relatively poor.*? The mixed 
miillerian tumors are highly aggressive neoplasms that 
spread early to regional nodes and adjacent tissues. 
Nodal involvement is usually associated with deep myo- 
metrial invasion. In an earlier report, DiSaia et al.° 
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Table I. Status of retroperitoneal nodes in 
20 patients with stage I or IH mixed 
müllerian tumors 





No. of 
Positive nodes patients % 
Pelvic 4 20 
Paraaortic 1 5 
Pelvic and paraaortic 2 10 
Total 7 35 





noted pelvic node metastases in one third of the patients 
who had operations. The single most important factor 
signaling poor prognosis at diagnosis is extrauterine 
extension of disease. Hematogenous spread of both 
homologous and heterologous tumors is not uncom- 
mon.** Controversy regarding the role of primary 
surgical staging versus preoperative pelvic irradiation 
continues. The role of presently available chemother- 
apy as an adjuvant in primary treatment is also unset- 
tled. This article is a retrospective review of the patients 
"assessed with a diagnosis of mixed millerian tumor who 
were managed at one institution during a 16-year 
period, 


Material and methods 


The clinical records of all patients assessed with a 
diagnosis of mixed millerian tumor of the uterus at 
the Medical College of Georgia from Jan. 1, 1972, to 
Dec. 31, 1987, were reviewed. Follow-up information 
was obtained from tumor records, and when necessary 
by telephone and correspondence. Histopathologic ma- 
terial was reviewed with two pathologists (D. S. G. and 
L. B. O.). Re-cuts and special stains were obtained and 
reviewed when necessary. 

The patients were retrospectively staged based on the 
1971 International Federal of Gynecology and Obstet- 
rics criteria for adenocarcinoma of the uterine cor- 
pus. In addition to the clinical stage, patients who 
underwent celiotomy were also staged on a surgical- 
pathologic basis. 


Results 

During the study, 49 patients were assessed with a 
diagnosis of mixed müllerian tumor of the uterus. Nine 
patients were removed from the study group because 
of inadequate material to make the diagnosis (5 pa- 
tients), or because of misdiagnosis after the slides were 
reviewed; thus 40 patients qualified for the study 
group. These cases constituted approximately 3.5% of 
all female genital tract malignancies managed at the 
Medical College of Georgia during the same period. 

The mean age was 65.3 years, with a range from 47 
to 89 years. Only one patient was <50 years old, and 
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Table II. International Federation of 
Gynecology and Obstetrics clinical stage 
and survival 








Dead of disease 






Stage 


*] 24 14+ 58.3 
*II 8 5 62.5 
MI l l 100 
IV 7 7 100 
Total 40 27 67.5 





. *Three in stage I and two in stage II are alive with disease. 
tOne patient lost to follow-up and presumed dead. 


26.2% were <60. All but three women were post- 
menopausal. The mean parity was 2.9, but 14.3% of 
the patients were nulliparous. One third of the patients 


‘were white; 67% were black. Thirty-three percent had 


diabetes mellitus. The most frequent initial primary 
symptom was abnormal vaginal bleeding, which oc- 
curred in 95% of patients. Of the two patients who had 
no bleeding, one had passage of tissue, and the other, 
who had prior irradiation treatment, had ascites. Other 
symptoms noted in addition to bleeding were pain 
(17%), increased girth (11%), and weight loss (5%). Ex- 
ogenous estrogen was used from 5 to 25 years by 10% 
of the patients. Of those with symptoms, 9.5% of pa- 
tients gave a symptom history of <1 month; 48%, <3 
months, and 90%, <6 months. Only 7.5% had a history 
of prior pelvic irradiation treatment for cervical cancer. 
Additionally, one patient had prior breast cancer and 
one had chronic lymphocytic leukemia. Twenty-five 
percent of the patients weighed >20% of their ideal 
body weight. Results of cervical cytologic testing, avail- 
able in 25 patients, were suspicious for malignancy in 
44% and inflammatory in 12%. 

When International Federal of Gynecology and Ob- 
stetrics criteria for staging were applied to the study 
cases, 60% had clinical stage I disease; 20% had clinical 
stage II disease; 2.5% had clinical stage III tumors, and 
17.5% had clinical stage IV disease. Six women with 
clinical stage I and II disease did not undergo hyster- 
ectomy. Thirty-three percent of women undergoing 
surgery were restaged from clinical stage I to more 
advanced disease. Four of five patients with clinical 
stage II disease had more advanced disease at celi- 
otomy. Retroperitoneal nodes were positive for tumor 
in 35% of 20 patients who underwent node sampling 
(Table I). Nine percent of patients undergoing celi- 
otomy with hysterectomy and removal of the ovaries 
had omental metastases, regardless of whether nodes 
were sampled. Cul-de-sac washings were positive in 
12%. All living patients have been followed up at least 
9 months. When survival was correlated with clinical 
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Fig. 1. Chondrosarcoma. Elements of cartilage are noted with a heterologous tumor in a 72-year- 


old woman who died within 6 months of surgery. 


International Federal of Gynecology and Obstetrics 
stage, 58.3% with stage I were dead of disease (Table 
II). In one of the patients with stage I who was consid- 
ered dead of disease, death was treatment-related. She 
developed pelvic recurrence with an obstructed ur -ter 
and was treated with methotrexate, actinomycin D, and 
cyclophosphamide. After the second chemotherapy 
course she died of toxicity manifested by thrombocy- 
topenia, leukopenia, and eventual disseminated intra- 
vascular coagulation. Three patients with clinical stage 
I are living with disease at 9, 13, and 29 months. Two 
patients with clinical stage II disease are living with 
disease at 12 and 13 months. Of patients dead of dis- 
ease, 39% died within a 6-month period; 50% died in 
a period of 7 to 12 months; and 11% died after a period 
of 13 months. One of these latter three died 36 months 
after diagnosis. Seventy-four percent of the 27 black 
patients are dead of disease, compared with 46% of the 
13 white patients. 

Of 11 patients with clinical stage I or II disease who 
underwent surgery and were found to have extrauter- 
ine spread, 6 are dead and 5 are living and are pre- 
sumed to have disease. Of the 15 patients with disease 
confined to the uterus who underwent surgery, 46.7% 
are dead of disease. If patients with stage III and IV 
are added to the group with extrauterine spread, there 
are no survivors without evidence of disease. Nineteen 
patients (47.5%) had homologous mixed miillerian tu- 
mors, and 63% are dead of disease, whereas 67% of 
the 21 patients with heterologous mixed miillerian tu- 
mors are dead of disease. The various elements of the 
sarcoma (i.e., chondrosarcoma) did not appear to affect 
survival (Fig. 1). Tumor volume was obtained from 
pathology reports in 26 patients. Of 18 patients with 


tumor size =5 cm, 55% are dead of disease. Eight pa- 
tients had tumors <5 cm in size, and only 25% are dead 
from disease. Tumor volume was not always related to 
depth of myometrial invasion. Five patients with tumor 
>5 cm who are dead of disease had only superficial 
invasion. Vascular invasion was identified in 14 pa- 
tients; 64.2% are dead of disease, compared with 12 
patients without identifiable vascular invasion, only 
25% of whom are dead of disease. In patients with 
vascular invasion, 43% had sarcoma in the vessels and 
28% had carcinoma (Fig. 2). The remaining patients 
had a mixture of the elements in vascular spaces. 

The presence of vascular invasion as a poor prog- 
nostic factor is illustrated by the case of a 67-year-old 
woman with a stage IB heterologous mixed miillerian 
tumor. She had only superficial myometrial invasion of 
a polypoid lesion that filled the cavity. Paraaortic and 
pelvic nodes removed contained no tumor. Cell wash- 
ings were negative, and an omental biopsy revealed no 
tumor. Because of tumor in vascular spaces, she was 
offered adjuvant chemotherapy but refused. Four 
months after surgery, she died of massive liver and lung 
metastases. 

Mitotic activity did not play a significant role in sur- 
vival. Regardless of outcome, almost all patients had 
high counts (>10 mitoses per 10 high-power fields in 
the sarcomatous element. The carcinoma/sarcoma ra- 
tio also did not affect survival. The overall mortality in 
this series was 67.5%. 

In patients dying of disease, the location of tumor 
was assessed by physical examination, x-ray studies, or 
postmortem examination. Two patients died with local 
recurrence only, whereas 92.5% had distant metastases, 
either alone or combined with local recurrence (Fig. 
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Fig. 2. Metastatic carcinoma in a vascular-lymphatic space in the uterus of a patient who died 9 


months after treatment. 


Number of Patients 


DM Alone 


DM + Local 


Local Alone 


Fig. 3. Location of disease at time of death. DM, Distant me- 
tastases. 


3). The most common sites of metastatic disease were 
lung (17 cases) and liver (7 cases). Other extrapelvic 
sites of disease included the upper abdomen, supracla- 
vicular nodes, mediastinum, and bone. 

Treatment for patients with operable disease was 
variable. The addition of radiation therapy did not sig- 
nificantly contribute to survival (Table III). Only two 
patients had postoperative external beam irradiation 
without chemotherapy; both are long-term survivors. 
Although nodes were not sampled in these two patients, 
these nodes were not suspicious at the time of opera- 
tion. Four patients were treated with two courses of VP- 
16 and cisplatin followed by whole pelvis irradiation. 
Two of these also had 4500 cGy radiation treatment to 
the paraaortic nodes. None of the four patients has 
clinical evidence of disease, but all are considered to be 





Table III. Role of radiation therapy in stage I 
and II disease* 








Dead 







of 
No. of disease 
Treatment patients (%) 








Preoperative irradiation 7 57.1 
No irradiation 15 60 
Postoperative irradiation} 2 0 





*Doses = 4000 to 4500 cGy external beam with average 
5000 mg hr of cesium. 


*Doses = 4500 to 5000 cGy; does not include patients 
treated with cisplatin and VP-16. 


alive with disease because of the short follow-up period. 
One additional patient was treated with six courses of 
VP-16 and cisplatin (Table IV). 


Comment 


Although this study population had a relatively high 
incidence (3.5%) of mixed müllerian tumor in all fe- 
male genital tract tumors, the past reported incidence 
is relatively rare.*®®%!® Any increase in incidence of this 
tumor is probably associated with increased recognition 
of the neoplasm. These tumors most often occur in 
women in the last menopausal years. The mean age of 
our patients (65.3 years) is consistent with other reports, 
with a mean age of 63 to 70 years in studies reported 
from European countries and the United States. ê 1% 
Of 45,342 female patients admitted to the Medical Col- 
lege of Georgia Hospital in a recent 4-year period, 
49.6% were black. Two third of the patients in this 
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Table IV. Role of VP-16 and cisplatin 
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Original 


clinical 







Adjuvant radiation 
therapy > 






Reason for treatment 











Months after 


State of disease treatment 


IB Paraaortic whole pelvis Positive pelvic and paraaortic nodés Alive with disease 15 
I Whole pelvis Positive pelvic nodes Alive with disease 12 
H Paraaortic whole pelvis Positive pelvic and paraaortic nodes Alive with disease 12 
iB Whole pelvis Positive pelvic nodes Alive with disease 9 
HI . No Tumor of ovaries and in vessels Dead of disease 18 





series with mixed müllerian tumor were black. More 
black patients died from disease in this report than 
whites. Macasaet et al.” have suggested that mixed mül- 
lerian tumors in black women may have a different 
biologic origin since black women in their series tended 
to have more advanced disease at diagnosis. Seven per- 
cent of the patients reported herein had a history of 
prior pelvic irradiation. Most series report that ap- 
proximately 15% of patients have a history of prior 
pelvic irradiation, but individual series may vary from 
none to 29%.** &* +8 Others have also reported 
nulliparity to occur in from none of the patients to 
32%.*7°? Obesity has been noted in from 20% to 31% 
to two other reports.” ? Patients who have appropriate 
staging laparotomies have almost a 35% chance of hav- 
ing positive retroperitoneal nodes, as reported in our 
series and other.current reports® “ (Table V). 

Earlier reports on mixed miillerian tumors suggested 
that there may be a somewhat better outcome in pa- 
tients with homologous elements only.” However, we 
and other recent investigators*”*'"" found no differ- 
ence in outcome between homologous and heterolo- 
gous tumors. The survival (32% reported herein) con- 
tinues to be dismal. Survival rates reported by others, 
when all stages of mixed miillerian tumor are evalu- 
ated, range from 14% to 41%.* A group of patients at 
high risk for failure was identified in our study and 
included those with vascular or lymphatic space in- 
volvement, extrauterine spread noted at the time of 
operative procedure, large (>5 cm) tumor bulk, and 
nodal metastases. 

How might survival be improved? Although the 
number of patients in our study is small, we found no 
significant impact on survival when perioperative ir- 
radiation was added to surgery. Vongtama et al.” noted 
that radiation therapy was of adjunctive value to sur- 
gery in terms of decreasing pelvic recurrences and in- 
creasing survival. Salazar et al.'® and Spanos et al." also 
noted that adjuvant irradiation significantly improved 
disease controlability in the pelvis. However, other re- 
cent studies indicate no significant added benefit of 
adjuvant pelvic irradiation.? '" 1403 


*References 2, 4, 5, 8, 9, 11, 13, 15, 16. 


Table V, Incidence of positive retroperitoneal 
nodes in patients with mixed miillerian tumors 










Positive nodes 





Total No. 
of patients 






Authors 





DiSaia et al.? 28 10 35.7 

Peters et al." 13 4 31 

Present series f 20 7 35 
Total 61 21 34.4 





Preoperative irradiation could be detrimental to sur- 
vival. These tumors tend to be blood-borne neoplasms. 
Macasaet et al.” strongly advocated a primary surgical 
approach because 55% of women with clinical stage I 
were found to have widespread disease at surgery; this 
incidence is more common than the 33% of patients in 
our series with clinical stage I who had extrauterine 
spread. Other investigators have also noted an up- 
grading of clinical stage I or II. to more advanced dis- 
ease in from 23% to 29% of patients.’* As in our 
series, others have reported that extrauterine spread 
was associated with a poor prognosis with survival rates 
from 0 to 28%.* ®.'" 8° Eighty-nine percent of our 
patients dead of mixed miillerian tumor died within 12 
months. Spanos et al. and Salazar et al.” noted that 
90% of local and distant failures were apparent within 
2 years. Shaw"! reported that 53% of his patients died 
within 12 months of diagnosis. Others have also re- 
ported that when distant metastases occurred, the lungs 
were often’ involved.®* 

Response rates, partial or complete, are below 15% 
in patients with advanced or recurrent mixed millerian 
tumor treated with Adriamycin alone or Adriamycin 
plus cyclophosphamide or dimethyl triazeno imidazole 
carboxamide.” ”™ Recently Seltzer et al.” reported a 
50% response rate in six patients treated with a com- 
bination of cisplatin and Adriamycin,.with duration of 
response froin 9 to 11 months. Gershenson et al.” re- 
ported a 42% response rate in patients with dissemi- 
nated mixed miillerian tumor treated with cisplatin 
alone. Cisplatin seems to have moderate activity in this 
neoplasm. Kohorn etal.” reported an 80% survival rate 
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in patients who received adjuvant radiation therapy 
and combination chemotherapy. All of our high-risk 
patients treated with irradiation plus VP-16 and cis- 
platin are alive from 9 to 18 months after diagnosis 
and surgery. These patients have no apparent pro- 
gression of tumor. However, the follow-up period is too 
short and the number of patients too small to draw any 
conclusions about these adjuvant modalities. 

In summary, the survival in our series and others has 
not been improved by use of adjunctive radiation alone. 
High-risk factors can be identified, but only ifa primary 
surgical approach is used to delineate the extent of 
disease and these risk factors. A pilot study is warranted 
with, cisplatin-based combination chemotherapy, with 
or without irradiation, in these high-risk patients. All 
treatment modalities should be considered in women 
with mixed miillerian tumors of the uterus. 
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Editors’ note: This manuscript was revised after these 


discussions were presented. 


Discussion 


Dr. R. HENRY TEMPLE, Wilmington, North Carolina, 
(Official Guest). In the 16-year time span of this study, 
the records of 41 patients with mixed miillerian tumors 
of the uterus were analyzed. This is a very large series 
of these rare and deadly tumors. 

They represented 3.5% of the female genital tract 
tumors at the Medical College of Georgia. This is an 
unusually high incidence of these unusual tumors and 
represents a fourfold increase over what ‘one would 
normally expect. Other views of the subject quote 
mixed miillerian tumors as representing 3% to 6% of 
uterine cancers. — , 

When International Federal of Gynecology and Ob- 
stetrics criteria were applied, 61% had stage I disease, 
19.5% had stage II, 2.5% had stage III, and 17% had 
stage IV disease. The deadly nature and dismal prog- 
nosis for this disease is reflected in the fact that there 
were no cures in patients with stage III or IV disease 
and only 12.5% of patients with stage II and 28% of 
patients with stage I disease were free of disease after 
treatment. 

The demographic data presented by Dr. Gallup were 
generally in agreement with other large series. The 
mean patient age was 65.3 years, and the mean parity 
was 2.9. Two thirds of the patients were black; one third 
had diabetes. Seven percent had previous pelvic irra- 
diation, and 9.5% had a history of previous use of ex- 
ogenous estrogen. One of the few criticisms I have of 
this review and, indeed, of the oncologic literature in 
general is the failure to define the population from 
which the study patients are drawn, Figures that show 
a third of patients with diabetes mellitus or two third 
being black have little meaning if the prevalence of 
diabetes or the racial makeup of the community at large 
from which these patients are drawn is also unknown. 
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From his data, Dr. Gallup clearly delineates some 
very important truisms regarding mixed miilerian tu- 
mors of the uterus. They are: 

1. The single most important factor signaling poor 
prognosis is extra uterine extension of disease. 
There were no survivors free of disease in the 
group with cancer outside the uterus. 

2. In patients with disease confined to the uterus, 
poor prognostic factors were increasing depth of 
myometrial invasion, vascular or lymphatic space 
involvement, and large tumor bulk (>5 cm) even 
without myometrial invasion. The correlation be- 
tween bulk of tumor and prognosis is one not 
appreciated in most other reviews of the subject. 

3. Finally, surgery is the mainstay of treatment. 
Only surgery seems to make any difference 
incure rates. Neither adjuvant radiation nor 
chemotherapy significantly increased cure rates. 
Furthermore, their effect on length of survival is 
uncertain. 

Somewhat as an addendum, the paper describes five 
patients treated with cisplatin and VP-16. One patients 
with stage III disease was dead of disease 18 months 
after treatment. The other four (two patients with stage 
IB and two with stage II disease) were described as 
alive with disease 9 to 15 months after treatment. On 
the basis of these results, the paper calls for a pilot 
study using cisplatin-based combination chemotherapy 
for high-risk patients. 

In closing, I would like to pose some questions. Al- 
though there have been several previous studies point- 
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ing out cisplatin’s possible activity in mixed müllerian 
tumors, the role of VP-16 has not been reported. How 
was this agent chosen? 

Was there a control group for the group treated with 
cisplatin and VP-16? What might be the expected nat- 
ural course of the disease in similarly matched stage IB 
and II patients not treated with chemotherapy? 

Dr. GALLuP (Closing). I appreciate Dr. Temple’s kind 
comments. I again apologize for the slight change in 
the numbers. After review of re-cut slides on one pa- 
tient, she was dropped from the study group; this left 
40 patients for analysis. He is correct in his criticism 
about our failure to more clearly define the overall 
population makeup of our study group. We presented 
a group of patients who underwent running midline 
incision closures at the annual clinical meeting in May 
last year. Of those Medical College of Georgia patients, 
54% were black and one third had diabetes mellitus. 

Why did we choose VP-16 and cisplatin as chemo- 
therapeutic agents? We have treated a group of about 
15 patients with ovarian carcinoma and failed treat- 
ment with cisplatin-based chemotherapy, with second- 
line VP-16 and cisplatin. We have had significant long- 
term responses, some of which were complete, in this 
group. One of these long-term responders had a pri- 
mary mixed mesodermal sarcoma of the ovary. We did 
not have a matched control group, but no patients with 
clinical stage I or II disease who had positive nodes and 
did not receive VP-16 and platinum are survivors. 

I agree with Dr. Underwood that we should try to 
give chemotherapy as soon after surgery as possible. 





Evaluation of surgical staples in cesarean section 
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Experience with Lactomer absorbable surgical staples (Auto Suture Poly CS 57 disposable surgical 
stapler) in 62 cesarean sections was compared with an equal number of operations performed with 
standard techniques. The technique of appliciation of the stapler evolved with experience. Countertraction 
to staplers with Allis’ clamps prevented uterine V incisions. Operative time was longer for the stapled 
suture group for primary cesarean sections, but was unchanged for repeat procedures. Excellent 
hemostasis of the uterine incision was achieved even when varicose sinusoidal veins were present. 
Significant reductions of hemoglobin deficits from 2.16 to 1.3: gm/dl, postoperative anemia from 29% to 
6.4%, and endometritis from 22.5% to 6.4% occurred respectively in nonstapled and stapled groups. A 
reduced hospital stay, shortened by 2.1 days, saved each patient $2950. Blood loss estimates by 
surgeons or anesthetists were often at variance. Surgeons’ acceptance of the procedure grew with 
experience. On the basis of these results, use of absorbable staples offers certain advantages in reducing 
blood loss, infection, and hospital stay in cesarean deliveries. (AM J OssteT GYNECOL 1989;161:540-7.) 
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Surgical stapling has undergone major modifications 
since it was first introduced in the United States in the 
early 1960s. Early staples were made from stainless 
steel, and complications such as infection and dyspa- 
reunia were frequently reported after hysterectomy 
and vaginal vault stapling.’* Removal of the staples was 
almost mandatory. Major modifications to the material 
of the staples has led to widespread acceptance of sta- 
pling in many surgical specialties, especially in vascular, 
gastrointestinal, and genitourinary surgery, and gy- 
necologically, especially in abdominal and vaginal hys- 
terectomy.** In cases of malignant disease of female 
genital organs, several reports have related reductions 
in blood loss and operating times to the use of absorb- 
able staples. 

The most significant modification was the change to 
absorbable suture material. Currently glycolide-lactide 
copolymer (Lactomer* absorbable surgical staples) is 
used, which in gynecologic patients has resulted not 
only in reduction in operating time but also in lower 
postoperative morbidity as infections, granulomas, 
and in chronic dyspareunia.°" Postoperative stay and 
hospital costs have decreased.” Removal of visible sta- 
ples in the vaginal vault is now rarely necessary and a 
resurgence of interest in their use has surfaced. 
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The progression to obstetric use of surgical staples 
for abdominal delivery of the infant seemed reasonable 
since bleeding from the incision of the highly vascular 
gravid uterus could be easily curtailed. The speed, 
safety, and convenience of the stapling device to 
open the uterus were also attractive incentives.'? In ex- 
periments with nonhuman primates, problems of in- 
fertility caused by migration of metal staples were no 
longer a risk with the modern copolymer counter- 
parts. '® 

Retrospective analysis of our experience developed 
out of need to assess the efficacy and cost of the ab- 
sorbable staple (Auto Suture Poly CS* 57 disposable 
surgical stapler) in cesarean section, especially because 
the cost of sutures in nonstapling techniques seemed 
so much less. The findings of this audit are reported 
in this article. 


Material and methods 


The hospital records of 62 patients who were deliv- 
ered by cesarean section in which absorbable staples 
(Auto Suture Poly CS 57 disposable surgical stapler) 
were used to open the uterine incision were compared 
with 62 patients whose cesarean sections were per- 
formed by standard nonstaple techniques with scissor 
and sutures. The comparison group was chosen by re- 
viewing the records of the next cesarean section fol- 
lowing the case done by surgical stapler. 

All patients were delivered at the University of Mi- 
ami/Jackson Memorial Medical Center between June 
1986 and April 1987. Demographic data were collected 


*Reg. U.S. Patent and Trademark Office. Auto Suture 
Company, Div. of United States Surgical Corporation, Nor- 
walk, Conn. 
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Fig. 1. Schematic view and nomenclature of Auto Suture Poly CS 57 disposable surgical stapler. 


from each group on age, parity, race, gestational age, 
indication for cesarean section, labor or nonlabor, num- 
ber of vaginal examinations in labor, rupture of mem- 
branes (length of time), and type of uterine incision. 

Outcome variables were related to blood loss as es- 
timated by surgeons, hemoglobin deficits (calculated 
from differences of hemoglobin at admission and dis- 
charge), and anemia (hemoglobin <10 gm/dl at dis- 
charge). Postoperative infection (febrile morbidity, 
temperature =100.4° F) and length of hospital stay 
were also compared. The acceptance of the procedure 
was gauged by comments of each surgeon after the first 
use of staples and later after 62 cases had been com- 
pleted. 

Method of application of the staples initially was 
that recommended by the manufacturers but quickly 
evolved with modification to avoid V-shaped incisions 
in the uterus. To easily accommodate the instrument 
under the abdominal wall, a small Richardson’s retrac- 
tor was used to elevate (rather than a lateral pull) the 
abdominal wall. A transverse incision of 1 to 2 cm is 
made with a knife in the central part of the uterus in 
the usual way for any cesarean section. 

The Auto Suture Poly CS 57 disposable surgical sta- 
pler was applied to extend the incision laterally on 
both sides of the uterus. The following steps were taken 
(Fig. 1). 

1. The jaws of the instrument are parted by opening 

the positioning lever. 

2. The lower jaw of the stapler is passed through the 
initial incision in the uterus with fingers between 
the fetus and instrument. Use of Allis’ clamps on 
the initial uterine incision provides countertrac- 
tion and rotates the uterus so that the stapler can 
be applied straight or only very slightly inclined 
upward. In this way V-shaped uterine incisions 
are avoided. The technique of protecting the fetus 
is the same as that when the uterine incision is 
extended with the bandage scissors. 


3. The positioning lever of the instrument is closed 
so that the instrument is locked in place and the 
position is rechecked. It is important to check that 
no inappropriate structures, such as fetal parts, 
are within the jaws of the instrument. Tissue is 
only incised if the stapler is fired. 

4. Release of the safety guard allows the trigger to 
be pressed firmly toward the handle (as far back 
as possible). This will fire two rows of eight staples 
per row from each jaw, so that the upper staples 
lock into the lower staples, compressing the tissue 
between the staples. At the same time that the 
staples are fired, a knife blade cuts the uterine 
segment between the two rows of staples. The 
uterine incision now has a row of staples on the 
upper and lower edges and hemorrhage is con- 
trolled. Actual measurements of the two sizes of 
staples available are a height of 0.140 inches (3.6 
mm) or 0.170 inches (4.3 mm) when closed, and 
the width (6.2 mm at the top and 6.6 mm at the 
bottom) is the same for each size. 

Closure of the uterine incision is accomplished with 

a single-layer continuous suture of chromic catgut 0. 
As the method evolved, polyglycolic suture 0 was sub- 
stituted for the catgut. At first the incision was closed 
by suturing completely around the staples, but appo- 
sition of the staples on each side of the incision was 
better achieved by passing the suture through the mid- 
dle of each locked staple pair. Finally, the complete 
evolution resulted in alternating one stitch through the 
staples for proper apposition with the next stitch 
around the following staple pair to suture full thickness 
of the uterine musculature. 

In the nonstapled cesarean sections, closure of the 


uterine incision was done by two continuous layers of =.. 
either chromic catgut 0 or polyglycolic 0; the first, r 


layer was hemostatic and full thickness, While the: sec- : 


ond was an invaginating watertight seal! Suture mate- 
rial was chosen by the surgeon. 


Ta 


~ 
> 
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Table I. Demographic data 


Nonstapled 
(n = 62) 


Age (yr) 
Mean 26.4 + 5.4 
Range 14-35 
Gravidity 
Mean 3.0 + 2.1 
Range 1-8 
Race* 
White 10 
Black 26 
Hispanic 26 
Pregnanciest 
Single 60 
Multiple 2 
Cesarean section 
No labor 30 
After labor f 32 
Primary 43 
Repeat 


Type of uterine incision 
Low-segment transverse 
Low-segment vertical 
Classic 

No. of vaginal examinations 
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Stapled group 


(n = 62) p value 


28.5 + 6.8 0.05 
15-38 


0.02 


28 
34 } NS 
| (x? = 5.629) 








*y? = 1.80; df 2; p = 0.4. 
+Fisher’s exact test, p = NS. 


Table II. Indications for cesarean section” 


group group 
Repeat cesarean section 32 30 
Cephalopelvic disproportion 24 16 
Failure to progress 4 7. 
Fetal distress 6 8 
Breech 4 3 
Others 13 17 





*More than one indication in some patients. 


Statistical analysis was done by Student’s ¢ test for the 
nonstapled pairs versus stapled groups. Evaluation of 
cesarean section by labor/nonlabor, primary/repeat 
operation was by x’ analysis. The x? analysis was used 
to compare postoperative anemia and endometritis. 
Fisher’s exact test was used in analysis of single and 
multiple pregnancies. 


Results 


Records of 62 patients who had cesarean section with 
the use of absorbable stapler-knife hysterotomy were 
compared with an equal number of patients whose op- 
erations were done by standard nonstaple techniques. 

Demographic data in Table I indicate that age, parity, 
and race of the two cesarean groups (stapled and non- 
stapled) were approximately the same. There were no 
significant differences in the number of elective cesar- 
ean sections or cesarean sections after labor. However, 


the number of primary cesarean sections was signifi- 
cantly more in the nonstapled group (x°, 5.629; df, 1; 
p = 0.02). The mean number of vaginal examinations 
during labor was the same in each group. The range 
of vaginal examinations was zero to nine in the non- 
stapled group and zero to eight in the stapled group. 
Uterine incisions were predominantly transverse lower 
uterine incisions, and the gestations were primarily sin- 
gleton pregnancies. 

Indications for cesarean sections are listed in Table 
H and did not differ between the two groups. Previous 
cesarean sections and cephalopelvic disproportion pre- 
dominate as the usual indications for cesarean section. 
Among the indications listed as “other” are previous 
myomectomy (2 cases), active lupus (1), severe intra- 
uterine growth retardation (3), severe preeclampsia 
with deteriorating HELLP syndrome (hemolysis, ele- 
vated liver enzymes, low platelets) (3), placenta previa 
(1), rhesus isoimmunization (2), diabetes mellitus (3), 
and twins in breech-vertex presentation (2), More than 
one indication occurred in many patients. 

Table HI shows the outcomes of the cesarean sections 
of each group. 

The operating time from first incision to placement 
of the last skin staple or suture was significantly dif- 
ferent between the stapled and nonstapled group in 
primary but not in repeat cesarean sections. However, 
the mean surgical operating time when all cesarean 
sections were considered, irrespective of the group, was 
41.4 minutes (n = 73) for primary and 45.2 minutes 
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Table III. Outcome of cesarean section 











Nonstapled group — 
(N = 62) 


Stapled group 
(N = 62) 





Operating time (min) 


Primary 39.1 + 9.7% (n = 43) 43.8+9.2 (n = 30) = 0.05 
Repeat 46.0 + 12.2* (n = 19) 44.7 + 7.5 (n= 32) NS 
All cesarean sections 

Primary 41.44 + 9.64 (n = 73) 

Repeat 45.20 + 10.2 (n= 51) 


Blood loss (ml) 


(t = 2.09; df 0.172; p = 0.04) 


Estimated by surgeon 760 + 150 680 + 150 = 0.01 
Estimated by anesthetist 1010 + 120 1120 + 140 < 0.0001 
Hemoglobin deficit (gm/dl) 2.16 + 1.01 1.13 + 0.92 < 0.00001 

Postoperative anemiat (10 gm/dl) 29.0% (n = 18) 6.4% (n = 4) < 0.001 
Endometritist 22.5% (n = 14) 6.4% (n = 4) < 0.01 
Length of postoperative hospitaliza- 6.9 + 2.4 4.8 + 1.2 < 0.00001 
tion (days) 
Complications 
Uterine incision—tears 6 4 NS 
Uterine incision—bleeding angles 3 6 = 0.04 
Instrument failure N/A 2 — 
Expulsion of staples N/A 4 — 


*For column, t = 2.38; df 60; p < 0.02. 
tx? = 10.83; df 1; p < 0.001. 
ty? = 6.50; df 1; p < 0.01. 


(n = 51) for repeat cesarean sections, indicating statis- 
tically longer intervals for répeat cesarean sections 
(p = 0.04). 

Estimated blood loss by surgeons and anesthetists was 
significantly different; larger volumes were reported 
by anesthetists (¢ test, 29.2; df, 0.61, p = 0.0001). Be- 
tween nonstapled and stapled groups, the estimated 
blood loss by the surgeons was statistically higher in the 
nonstapled group, whereas estimation by the anesthe- 
siologists (also significant), was in the opposite direc- 
tion, that is, higher in the stapled group. 

Conversely, hemoglobin deficits calculated from he- 
moglobin at admission and hemoglobin on the third 
postoperative day showed that the mean hemoglobin 
deficit was significantly lower in the stapled group than 
in the nonstapled group (2.16 vs. 1.31 gm/dl). By com- 
parison, the mean deficit in 40 vaginal deliveries was 
0.9 gm/d] (vaginal delivery vs. cesarean section in both 
groups, p < 0.001 x, stapled vs. nonstapled, p< 
0.00001, ¿ test). Postoperative hemoglobin of =10 
gm/dl was present in 18 (29.0%) patients in the non- 
stapled group and only in four (6.4%) patients in the 
stapled group. Preoperatively. six patients of the non- 
stapled group and three from the stapled group had 
admission hemoglobin levels of <10 gm/dl. Therefore 
blood loss at operation would account for postoperative 
anemia in 12 nonstapled and one stapled patient and 
is statistically significant (p < 0.001). 

Postpartum infection included endometritis ‘in 14 
(22.5%) patients in the nonstapled group versus 4 
(6.4%) in the stapled cesarean section patients; urinary 





tract infections occurred in two patients in the nonsta- 
pled group. 

As a result of the increase in endometritis; the mean 
postoperative hospital stay was significantly higher in 
the nonstapled group (6.9 vs 4.8 days); thus patients in 
the stapled group spent 2.1 days less in the hospital. 
The range of stay for the nonstapled group was 4 to 
15 days, whereas for the stapled group it was 3 to 8 
days. This reduction in postoperative stay resulted in 
a savings of $2950 (daily hospital cost, excluding cost 
of staples $1500/day times 2.1 days minus extra cost 
of staples, $200) per patient. 

Angular tears were similar in each group. In two 
cases the staples did not close properly and compression 
of the uterine incision was not accomplished. Four pa- 
tients reported passing staples between 3 and 6 weeks 
post partum, and one patient passed sapies on several 
occasions over a 2-week interval. 

Opinions of the surgeons using the Auto Suture Poly 
CS 57 disposable surgical stapler were recorded after 
the first use of the instrument and after completion of 
the 62 stapled cesarean sections. All evaluations were 
sought before analysis of all data. Initial comments were 
approval by two surgeons, disapproval by three, and 
three were unsure. Six surgeons approved the use of 
the stapler in selected cesarean sections after 62 cases 
with stapled sutures were completed. These indications 
included lower uterine segments with multiple large 
veins, thick lower uterine segments, possibly in anterior 
placenta previa. Two surgeons continued to have 
doubts about the usefulness of the stapler; one surgeon 
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believed that this was particularly disappointing be- 
cause the staples were not thick enough to encompass 
and compress the thick uterine muscle of the classical 
incision. In his case, staples tore off the edge of the 
incision as soon as applied. 

Female surgeons also complained that pressure nec- 
essary to squeeze the trigger to fire the staples required 
both hands and increased the degree of difficulty in 
application, whereas residents complained that stapling 
“slowed them down.” 

All agreed that hemostasis, and consequently visibil- 
ity, of uterine incisions was excellent and better than 
in the nonstapled group. 


Comment 


The Auto Suture Poly CS 57 disposable surgical sta- 
pler was approved by the Food and Drug Administra- 
tion for use in hysterectomy and cesarean section on 
the basis of animal studies and the experience of the 
use of absorbable staples in other specialties. It was 
expected that these staples would reduce blood loss and 
operative and postoperative morbidity, as had occurred 
when they were used in other specialties. However, the 
cost was far in excess of the suture material required 
for standard techniques of cesarean section, and there- 
fore an audit to determine the efficacy of the knife- 
stapler was undertaken. The trends suggested from this 
data ‘strongly support a reduction in blood loss and 
postoperative morbidity. No apparent gain in operating 
time was achieved. On reflection, the technique varies 
little from that of the standard method for opening the 
uterine incision. 

Blood loss calculations in cesarean-sections provide 
many difficulties. Significant variations of the estimates 
for blood loss by the anesthetist and surgeon emphasize 
the unreliability of that method. Differences varied sta- 
tistically, and the trends were in opposite directions 
between the two groups of patients. However, in com- 
bination with the vital signs of the patients, such clinical 
estimates continue to be important in intraoperative 
assessment of blood loss. The accuracy of such esti- 
mates is amplified by contamination with amniotic fluid, 
blood soaked into operating drapes, sponges, and per- 
haps even on or under the operating table. However, 
a most important consideration is that blood lost in this 
operation includes not only that from the uterine in- 
cision but also a large amount from the placental site 
and a small amount from the abdominal incision. The 
knife-stapler can only affect blood loss associated with 
the uterine incision. 

To circumvent some of these difficulties, we decided 
to compare the hemoglobin at admission with that of 
the third postoperative day. Previous analysis had in- 
dicated that hemoglobin concentrations and fluid shifts 
associated with delivery were usually stable by the third 
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day. Since expected blood loss at cesarean section does 
not usually require replacement by transfusion, the 
third-day estimation of hemoglobin concentration al- 
lows the surgeon to evaluate surgical morbidity and 
decide whether or not blood loss at surgery necessitates 
any further treatment. The data show that autosuture 
stapling plays a role in the reduction of blood (on the 
basis of lower mean hemoglobin deficit of 2.16 gm/dl 
for the nonstapled group and 1.31 gm/dl for the sta- 
pled group). The mean deficit for vaginal deliveries of 
0.9 gm/dl probably indicates the loss of blood from 
the placental site and brings into perspective the 
values obtained from patients who were delivered sur- 
gically. 

The larger numberof patients with postoperative 
anemia in the nonstapled group (29% vs. 6%) follows 
the trend seen with the hemoglobin deficit analysis and 
strengthens the concept that stapling reduces blood 
loss. : 

The postoperative incidence of endometritis and uri- 
nary infections was less common in the women with 
stapled cesarean sections (6.4%), than in the nonstapled 
group (22.5%). There is no immediate explanation for 
this wide variation since the patients were from the 
same pool of a lower socioeconomic group in a multi- 
ethnic, inner-city hospital. In a separate additional au- 
dit of 35 consecutive cesarean sections, seven cases 
(20%) with perioperative mild to severe endometritis 
indicated that the findings in our study group were not 
a chance cluster, which would falsely elevate the inci- 
dence in our comparison nonstapled group. The dif- 
ference in the incidence of endometritis in the two 
study groups may be partially a result of the material 
used for the staples, a glycolide-lactide copolymer, 
which is more inert than other suture material used in 
the nonstapled group and therefore may be less en- 
hancing to infection. 

However, this incidence of postoperative endome- 
tritis is unexpectedly high, even for our hospital. This 
is particularly so because of the use of prophylactic 
antibiotics for all patients who labor before cesarean 
section. Mefoxin irrigation of the uterine cavity, uterine 
incision, and the abdominal incison has proved effi- 
cacious in our institution for the past 5 years, and the 
incidence of postoperative endometritis has been re- 
duced from 33% to 6%." An incidence of 22.5% on 
the nonstapled group, or 20% in the group of consec- 
utive cesarean section which was audited separately, is 
therefore surprising and unexplained. 

Complications were few, but the most disconcerting 
to the patient was the passing of the staples vaginally. 
It is therefore important that the patients be alerted 
that as the staples dissolve and loosen, particles may be 
extruded usually at 3 to 6 weeks after operation, as 
occurred in four patients. Bleeding from the angles of 
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the uterine incision occurs with the stapler because of 
a pin in the instrument that fixes it in place once the 
stapler is closed. After the stapler is removed, bleeding 
often occurs from the site of the pin. In the nonstapled 
cesarean sections, incursions into the uterine vessels 
when the uterine incision was extended too far laterally 
resulted in bleeding at the angles of uterine incision. 
Extension tears of the uterine incisions occurred evenly 
in both groups and can be attributed to technical errors. 

No fetal injury was encountered in our study. We 
believe that this is largely a result of our insistence that 
a protective finger must be inserted between the fetus 
and the undersurface of the uterus whenever any in- 
strument, scissors or stapler, is used to extend the initial 
uterine incision laterally. This is also done in perform- 
ing an episiotomy. There is no room for compromise 
on this maneuver, and anecdotal reports of severed 
fetal digits can only be attributed to poor surgical tech- 
niques rather than instrument failure. Beresford? em- 
phasizes that tissue damage will not occur until the 
stapler is fired; therefore a recheck on position and the 
tissue that is gripped can prevent fetal injury. It is pos- 
sible that a short period of training may be necessary 
for each obstetrician to become familiar with use of the 
instrument. This will enhance versatility in usage and 
will certainly minimize the risk of serious complica- 
tions. As the surgeons in our group gained experience 
with the stapler, their confidence grew and led to ac- 
ceptance of the instrument. The opinions of two sur- 
geons from another hospital changed from skepticism 
to resounding approval. 

Finally, the savings of hospital costs of $2950 per 
patient (the reduced hospital stay of 2 days seemingly 
related to the lower incidence of endometritis) should 
encourage acceptance of surgical staples for use in ce- 
sarean sections. Our observations lead us to believe that 
routine stapling may not be practical, but candidates 
selected for application would include those cases in 
which multiple uterine sinusoid-like vessels occupy the 
desired incision site or where the lower uterine seg- 
ments are thick, or some cases of placenta previa in 
which lower segment incisions are possible, and in pa- 
tients in whom long labors have been unsuccessful for 
a vaginal delivery. 

Currently a randomized trial is in progress to verify 
these findings and to carefully determine by protocol 
the role of staples in cesarean section, but this audit of 
a relatively costly instrument even retrospectively sug- 
gests trends to reduction of blood loss, lowered post- 
operative morbidity, and decreased hospital stay. Con- 
currently it also raises questions with regard to future 
pregnancies and vaginal delivery after cesarean section 
performed with the absorbable staple—knife instru- 
ments. Long-term follow-up of such patients should be 
performed. 
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Discussion 


Dr. J. TERRELL Porte, Macon, Georgia (Official 
Guest). Dr. Burkett has presented data from a retro- 
spective audit of 62 cesarean sections using copolymer 
surgical staples. This surgical instrument was intro- 
duced in 1987. We are indebted to Dr. Burkett and his 
colleagues for providing the first clinical data on the 
use of staples in cesarean section. Since absorbable sta- 
ples cost $200 versus $2 to $4 for conventional sutures, 
their efficacy needed to be established. 

In this study use of the staples suggested two trends: 
first, a significant reduction in blood loss and second, 
a significant decrease in the incidence of postoperative 
endometritis, thereby reducing hospital stay. This re- 
sulted in substantial cost savings. The study did not 
support the finding of a shortened operative time using 
absorbable staples, as has been shown in other opera- 
tions in gynecology and other specialties. 

Difference in blood loss between the two groups was 
significant. The hemoglobin deficit was used by Dr. 
Burkett to eliminate the subjective estimates by sur- 
geons and anesthesiologists. Brant’ and Wilcox et al.’ 
found average blood loss at cesarean section to be 1000 
ml. This study supports their findings since the non- 
stapled group had a hemoglobin deficit of 2.16 gm/dl, 
which represents approximately 1080 ml blood loss 
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(1 gm of hemoglobin deficit = 500 ml of blood loss). 
Blood loss in the stapled group was 565 ml, compared 
with 450 ml blood loss at vaginal delivery. These find- 
ings suggest that blood loss from the hysterotomy i in- 
cision alone with conventional technique is approxi- 
mately 500 ml. From a cost-saving standpoint, it would 
be interesting to know if any of the 22 patients (18 
nonstapled and four stapled) with .postoperative ane- 
mia required transfusion. 

Postoperative endometritis was significantly lower in 
the stapled group (6.4% vs: 22.5% in the nonstapled 
group). Assuming that the same criteria were applied 
to both groups to make the diagnosis and that essen- 
tially the same percentage of patients received pro- 
phylactic antibiotics, what accounted for this significant 
discrepancy between the two groups? Can difference 
in surgical technique alone explain this discrepancy? 
Although socioeconomic status, number of vaginal ex- 
aminations, internal fetal monitoring, anemia, obesity, 
prolonged operating time, and type of anesthesia have 
all been identified as risk factors for postoperative en- 
dometritis, prolonged labor and prolonged rupture of 
membranes are generally considered to be the most 
important factors.’ Certainly, it would be relevant to 
compare both groups using these two variables. More- 
over, Green and Sarubbi‘ and Kreutner et al.° found 
no increase in febrile morbidity in elective repeat ce- 
sarean sections. Fifty-one percent of the stapled group 
lad repeat cesarean sections. If most were done elec- 
tively, one would predict a lower postoperative infec- 
tion rate in this group. Eight different surgeons used 
the staples. Did the same surgeons or colleagues at their 
same level of training perform the 62 sections using 
conventional technique? Miller et al.° recently reported 
that postoperative endometritis is significantly in- 
creased when surgery is performed by residents below 
the third-year level. If postoperative endometritis re- 
mains significantly lower with staples after the two 
groups are compared for duration of labor, duration 
of ruptured membranes, number of elective repeat ce- 
sarean sections, and the level of surgical training, then 
their use would seem efficacious. 

' Finally,- will the myometrial scars produced by use of 
copolymer ‘staples withstand the rigors of labor as vag- 
inal birth after cesarean section becomes common? Will 
dissection of the bladder flap ‘be more difficult? 
McNeeley et al.’ compared copolymer ‘Staples with 
chromic suture during hysterectomy in the animal 
model and found more extensive necrosis and exudate 
with increased adhesion formation using the staples. 

In summary, despite my questions arising from the 
retrospective nature of this study, Dr. Burkett and his 

. colleagues have provided us with important clinical in- 
formation on the use of a new surgical instrument that 
decreased blood loss from the hysterotomy incision in 
cesarean séctions. Postoperative endometritis appears 
to be lowered with. use of staples. I look forward to 
learning the results of his randomized study and to the 
reports on long-term follow-up of these patients. 
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Dr. JOHN W. C. JOHNSON, Gainesville, Florida. I en- 
joyed the details of Dr. Burkett’s study. He omitted the 
outcome for one of the patients, the fetus. There have 
been reports in the lay literature of a fetal finger being 
amputated with the use of this clamp. I am sure this 
did not occur in Miami, but I would like Dr. Burkett 
to reassure us that all the infants did well and there 
were no morbidity problems with the infants. 

Dr. BurKETT (Closing). First I’ll answer some of Dr. 
Pope’s questions. We do not routinely use transfusions 
on cesarean sections. Generally, although we reported 
anemia under 10 gm in up to 29%, we do not use 
transfusions unless the patient is very anemic and symp- 
tomatic. In the prospective series, we have at least one 
patient who. developed disseminated intravascular co- 
agulation from obstetric complications and who was 
transfused, but we will report on that later. 

The more important question posed by Dr. Pope was 
the etiology of postoperative endometritis. We tried to 
evaluate this, but with only 18 patients the numbers aré 
so very small when broken down by variables that we 
could not reach a conclusion as to whether any of the 
factors he mentioned were in fact causal. We. really do 
not know why there is a higher incidence of endome- 
tritis in the nonstapled group. To ensure that this was 
nota chance cluster, we studied 35 consecutive cesarean 
sections about the same period and found that the in- 
cidence of endometritis was almost as high, 22.5%. We 
may have been going through a period when we were 
not attentive enough to prevention of infection. We 
routinely use prophylactic antibiotic irrigation in the 
uterus with 2 gm of Mefoxin (1 gm injected into the 
cavity, 0.5 gm on the uterine incision, and 0.5 gm in 
the abdominal incision). This study was reported by 
Jensen (one of the co-authors) et al. (see reference 14 
of article), and postoperative infection rates were low- 
ered to acceptable levels of approximately 8% to, 10%. 

‘With regard to the experience of the surgeons, cer- 
tainly the use of the staples was not entirely confined 
to our authors. That may be one factor in cause of 


4 


Volume 161 
Number 3 


infection that we cannot adequately control because we 
must expose our residents to this experience. The res- 
idents usually were third-year or chief residents, and 
usually there was an attending physician present at the 
cesarean section. However, one aspect we have not 
mentioned here is that the negative or positive attitudes 
of surgeons to the new instrument varied considerably 
and influenced the decision for use of the staples and 
possibly its acceptance. 

In terms of vaginal birth after cesarean section, cur- 
rently we don’t have the answer. We will obviously have 
to do follow-up and carefully evaluate these patients. 
Certainly because glycolide-lactide copolymer material 
causes less tissue reaction, then there should be less 
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fibrous tissue in the uterine incision and less weakness. 

Dr. Johnson, there were no fetal injuries. We insisted 
that in any instrumentation like an episiotomy or uter- 
ine incision with bandage scissors or the stapler that a 
protective finger be inserted between the instrument 
and the fetus. In the anecdotal report from Minnesota, 
this surgical axiom was not practiced. There is one 
other case that I know occurred in Houston; again the 
same circumstances occurred: care was not taken to 
protect the fetus. 

Finally, concerning the clumsiness of the instrument, 
we have reported to the manufacturers that redesign 
is necessary and they are responding to that situation. 
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The antepartum management of 198 women who were delivered of triplets between 1985 and 1988 is 


reviewed. Women were managed with the assistance of ambulatory perinatal nursing to provide outpatient 
surveillance. Modified bed rest, prophylactic tocolysis, and betamethasone were liberally used and patients 
were hospitalized only when obstetrically indicated. The most common antepartum complication was 

preterm labor (66.2%) and the success of therapy with tocolytic agents is described. The mean gestational 


age and birth weight at delivery were 33.6 + 3 weeks (mean + SD) and 1871 + 555 gm, respectively. 
Comparison of the gestational age distribution at delivery with previous reviews demonstrates fewer 
deliveries <29 weeks’ gestation and significantly more deliveries between 32 and 37 weeks’ gestation. 
Cesarean delivery occurred in 94% of the triplets, which eliminated birth order as a factor that affects 
survival. The corrected perinatal survival rate was 95% in this contemporary review of outpatient triplet 
management and represents a major improvement in the expected outcome for triplets. (AM J OBSTET 


GYNECOL 1989;161:547-55.) 
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In 1958 Geza Kurtz! prefaced his excellent review of 
the factors that influence triplet survival with the fol- 
lowing, “Because of the rarity of triplet birth the human 
interest appeal of such an event is greater than its prac- 
tical significance.” In 1989, however, advances in re- 
productive biology necessitate a reevaluation of this 
statement. Ovulation induction agents have dramati- 
cally increased the observed frequency of triplet birth 
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in the most recent reviews.”® Unfortunately, these re- 
views are limited by either their small size or the pro- 
longed period of time required to achieve a reportable 
number of cases. Obstetricians are challenged by an 
increasing incidence of triplet pregnancies without ad- 
equate information on which to base management de- 
cisions and to evaluate outcome. The following large 
series of women who were delivered of triplets between 
1985 and 1988 is presented to describe changing trends 
in the management of triplets and the dramatically im- 
proved prognosis of these high-risk pregnancies. 


Material and methods 


This study reviews the antepartum management and 
pregnancy outcome of 198 women who were delivered 
of triplets between 1985 and 1988. These women were 
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Table I. Demographic and causal 
characteristics of the 198 triplet pregnancies 


Characteristic No. | % 





Age (yr) 29.5 + 4.4 
Race 
White 160 80.8 
Black 30 15.2 
Other 8 4.0 ° 
Parity 
Nulliparous 104 52.5 
Parous 94 47.5 
Causes 
Spontaneous 102 51.5 
Induced 82 41.4 
In vitro fertilization 14 7.1 


all referred for ambulatory perinatal nursing provided 
by the Tokos Medical Corporation at 24 regional cen- 
ters across the country. The busiest regional center was 
in Orange, Calif., which managed 23 patients during 
the study period, whereas centers in Detroit, Charlotte, 
N.C., and Minneapolis managed the fewest at two each. 
Only four of the regional centers (Orange, San Fran- 
cisco, Philadelphia, and Tampa) followed-up more than 
15 patients during the study period. Individual patient 
management was at the discretion of a large number 
of attending obstetricians in both private and academic 
practices. 

Through the involvement of ambulatory nursing 
personnel, each patient was contacted daily by tele- 
phone to (1) assess maternal symptomatology as it may 
relate to preterm labor; (2) provide education and re- 
inforcement of preterm birth prevention principles; (3) 
assess patient compliance with physician-directed treat- 
ment plans; (4) perform uterine activity monitoring 2 
hours daily with a portable tocodynamometer designed 
for outpatient use’; (5) provide a liaison between the 
patient and physician available 24 hours a day, 7 days 
a week; and (6) provide emotional support and patient 
advocacy. In addition, a daily patient-care log was main- 
tained in which alterations in antepartum management, 
hospitalizations, secondary diagnoses, delivery, and 
neonatal outcome data were carefully recorded. Ret- 
rospective analysis of these patient-care records pro- 


vided the management and outcome data reported in © 


this review. Patient data sheets were coded to ensure 
patient confidentiality. 

Daily ambulatory nursing contact and uterine acti- 
vity monitoring began at an average gestational age 
of 23.8 + 3.3 weeks (mean + SD) and continued un- 
til 32.6 + 3.2 weeks. When patient symptomatology 
or objectively recorded uterine activity exceeded 
physician-prescribed criteria, the perinatal nursing ser- 
vice would immediately contact the referring physician. 
In the event of hospitalization, the ambulatory nursing 
service was kept advised of the patient’s progress and 
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Table II. The duration of therapy with 
tocolytic agents in 131 triplet pregnancies with 
preterm labor 


Duration of therapy % 
Noncandidate for therapy* 38 29.0 
Tocolytic therapy < 48 hours 13 9.9 
Tocolytic therapy 2 to 7 days 12 9.2 
Tocolytic therapy < 7 days 68 51.9 


*Preterm premature rupture of the membranes, advanced 
cervical dilation with intact membranes, and elective preterm 
delivery. 


resumed daily contact if the patient was discharged 
undelivered. 

The length of gestation was established based on 
the date of in vitro fertilization or medically induced 
ovulation when known. In spontaneous triplets, the 
gestational age was determined based on the date 
of confinement estimated by obstetric and ultrasono- 
graphic criteria. All triplet gestations were known at 
the time of their referral for ambulatory nursing sur- 
veillance. 

Preterm labor was diagnosed when excessive uterine 
activity was accompanied by progressive cervical dila- 
tion or effacement at <37 completed weeks’ gestation. 
Premature rupture of the membranes at <37 com- 
pleted weeks’ gestation was also considered preterm 
labor. Hospitalization because of increased uterine ac- 
tivity without associated cervical change was considered 
threatened preterm labor. Hospitalization without ei- 
ther increased uterine activity or cervical change was 
considered observatory unless other specific maternal 
or fetal complications were identified. 

A variety of tocolytic agents were used both thera- 
peutically and prophylactically at the discretion of the 
referring obstetrician. Intravenous magnesium sulfate 
was the most common agent administered for treat- 
ment of preterm labor. Oral 8-adrenergic agents (ter- 
butaline sulfate and ritodrine hydrochloride) were 
commonly given for both prophylaxis and maintenance 
therapy to prevent recurrent preterm labor. The du- 
ration of successful therapy with tocolytic agents was 
calculated on the basis of the number of days between 
the first episode of documented preterm labor and the 
date of delivery.. 

The primary indication for delivery was carefully 
sought in each case. Deliveries were considered to have 
been elective if they occurred without benefit of labor 
or other maternal-fetal complications that required de- 
livery. Cases of early preterm labor (cervical dilation 
<4 cm) with intact membranes in which tocolysis was 
not used but would have been a reasonable alternative 
were also considered to be elective deliveries. Indica- 
tions for preterm delivery included advanced preterm 
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labor (cervical dilation =4 cm and tocolysis was not 
considered a reasonable alternative), preterm labor 
with failed tocolysis, and preterm premature rupture 
of the membranes. Rupture of the membranes or the 
onset of regular uterine contractions after 37 com- 
pleted weeks’ gestation was considered term labor. Ma- 
ternal or fetal indications for’delivery were based on 
the clinical impression of the referring obstetrician. 

The stillbirth rate was defined as a fetal loss at =20 
weeks’ gestation or weight =500 gm. The neonatal 
death rate was defined as the death of a liveborn infant 
within the first 28 days after birth. The perinatal mor- 
tality rate was the summation of the stillbirth and neo- 
natal death rates. The corrected perinatal mortality rate 
included those stillbirths and neonatal deaths beyond 
24 weeks’ gestation and excluded those infants with 
lethal congenital anomalies. 

Data are presented as means + SD. Statistical com- 
parisons were performed with the unpaired Student’s 
t test and the x? test where appropriate. 


Results 


The demographic and causal characteristics of the 
198 triplet gestations in this review are presented in 
Table I. Almost half of the triplets in this review were 
a result of either in vitro fertilization or medical in- 
duction of ovulation. 

The goal of antepartum management in this series 
was to provide obstetric surveillance on an outpatient 
basis. Almost all patients were prescribed some degree 
of bed rest or activity restriction in addition to ambu- 
latory perinatal nursing. A total of 115 patients (58.1%) 
were placed on prophylactic tocolytic therapy by their 
referring obstetrician, and seven women (3.5%) were 
managed with the aid of a cervical cerclage. Therapy 
with corticosteroids for the enhancement of fetal lung 
maturation was used in most cases of preterm labor 
<34 weeks’ gestation. 

Despite a goal of outpatient management, 88 women 
(44.4%) required antepartum hospitalization on 110 
occasions for reasons other than preterm labor. The 
most common indications were threatened preterm la- 
bor (51%), observation (20%), and pregnancy-induced 
hypertension (15.5%). The average duration of stay for 
each antepartum hospitalization was 15.2 + 15 days. 

In addition, 131 of the triplet pregnancies (66.2%) 
had preterm labor at an average gestational age of 
29.9 + 3.5 weeks. The success of therapy with tocolytic 
agents in the inhibition of preterm labor is described 
in Table II. The mean time gained in utero for those 
women who received therapy with tocolytic agents was 
25.6 + 22 days. However, 174 women (87.9%) still 
were delivered of their triplets at <37 completed weeks’ 
gestation. 

The indications for delivery are identified in Fig. 1. 
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Fig. 1. Distribution of indications for delivery among 198 trip- 
let gestations. Fetal indications include intrauterine fetal de- 
mise (4), intrauterine growth retardation (3), placental abrup- 
tion (3), and feta! distress (4). Maternal indications include 
pregnancy-induced hypertension (28), pulmonary edema (2), 
abdominal pain (1), and chorioamnionitis (1). (FT = failed 
tocolysis; ADV = advanced cervical dilation and effacement; 
PROM = premature rupture of membranes.) 


Premature rupture of the membranes is not always an 
indication for delivery; however, of the 30 women with 
preterm premature rupture of the membranes, 25 were 
delivered of infants on the same day that rupture of 
the membranes occurred. Three more women were 
delivered within 48 hours and the remaining two were 
delivered within 72 hours. Fifty-nine women (29.8%) 
were delivered electively by their obstetricians; 35 of 
those were premature (<37 weeks’ gestation) and the 
remaining 24 were at term. Fig. 2 presents the gesta- 
tional age distribution at which these elective deliveries 
occurred. Fig. 2 also indicates which of these deliveries 
were preceded by preterm labor at an earlier point in 
gestation (19) and those uncomplicated by prior pre- 
term labor (40). In only five of the 19 elective deliveries 
complicated by prior preterm labor did this labor im- 
mediately precede delivery. The preterm labor in these 
five cases was considered early enough that therapy 
with tocolytic agents would have been considered a rea- 
sonable treatment alternative. 

Cesarean section was the mode of delivery in 186 
cases (93.9%). Nine women (4.6%) were delivered vag- 
inally whereas another three (1.5%) were delivered of 
the first infant vaginally but required emergent cesar- 
ean delivery because of intrapartum complications. 

The average gestational age at delivery was 33.6 + 3 
weeks and the mean birth weight was 1871 + 555 gm. 
Only 13 women (6.6%) were delivered at <29 weeks’ 
gestation and only nine (4.5%) were delivered at >37 
weeks’ gestation. A total of 149 women (75.3%) were 
delivered between 32 and 37 weeks’ gestation. Com- 
parison of the gestational age distribution at delivery 
with several previously reported reviews'* *"° reveals 
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Fig. 2. Number of triplet gestations (n = 59) delivered electively between 31 and 38 weeks’ gestation. 
Pregnancies (n = 19) previously complicated by premature labor (black bars) are differentiated from 
gestations (n = 40) uncomplicated by preterm labor (striped bars). 


significantly fewer deliveries at the extremes of gesta- 
tional age in the current report and a greater number 
of deliveries clustered between 32 and 37 weeks’ ges- 
tation (Fig. 3). There was no improvement in the ges- 
tational age at delivery (33.8 + 2.8 weeks) or birth 
weight (1894 + 486 gm) for the 115 women who re- 
ceived prophylactic tocolysis, as compared with the 83 
women who did not receive these medications (33.2 + 
3.5 weeks and 1869 + 518 gm). Of the seven women 
who received a cerclage, most were placed after the 


discovery of very early cervical change. The outcome ` 


for these women was generally poor with an average 
gestational age at delivery of 29.2 + 4.1 weeks and a 
birth weight of 1271 + 489 gm. í 
There were 19 stillbirths (3.2%) among the 594 trip- 
lets in this series. Among the 575 liveborn infants, there 
were 421 (73.2%) admissions to neonatal intensive care 
units and respiratory distress syndrome was diagnosed 
in 131 (22.8%) infants. There were 20 neonatal deaths 
(3.5%) in this review. Correction of these mortality rates 
to exclude nine triplets delivered <24 weeks’ gestation 
(all delivered at 22 weeks’ gestation; six stillbirths, three 
neonatal deaths, and a birth weight range of 430 to 
510 gm) and one triplet with a lethal congenital anom- 
aly (hypoplastic left ventricle), these triplet pregnancies 
resulted in a stillbirth rate of 2.2% (13 : 584), a neonatal 
death rate of 2.8% (16:571), and a corrected perinatal 
mortality rate of 5% (29: 584). There was no significant 
. difference in the neonatal death rate when birth order 
was considered [Triplet A, 5:192 (2.6%); Triplet B, 
6:192 (3.1%); Triplet C, 8:191 (4.2%)]. 


Comment 


The recent suggestion that triplet gestations may be 
candidates for selective first-trimester reduction crys- 
talizes the importance of reassessment of the perinatal 
risk associated with these gestations.'' The ethical jus- 
tification for this recommendation is based on an as- 
sessment of the proportional risks encountered by ei- 
ther continuation of the triplet gestation or by selective 
reduction to a singleton or twin gestation. It is imper- 
ative that up-to-date information be available on which 


to base such risk versus benefit analyses. 


The available recent literature on the outcome of 
triplet gestations indicates a perintal mortality rate that 
ranges from 13.3% to 33%.'***° The applicability of 
these reviews is limited either by their small size or by 
the prolonged period of time required to accumulate 
sufficient cases. The current review is unique not only 
because of its large size but also because these triplets 
were managed during a contemporary time frame. The 
corrected perintal mortality rate of 5% in this review 
represents a threefold to sevenfold improvement on 
previously reported series. 

It is important to realize that this review does not 
represent an intensive management protocol at a single 
university center, but rather the accumulated experi- 
ence of literally hundreds of obstetricians in the 
United States. This excellent perinatal survival rate 
(95%) reflects the general improvement in obstetric and 
neonatal care that is available throughout the country 
to women with all manner of obstetric complications. 

Another unique aspect of this review was the goal of 
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Fig. 3. Gestational age distribution at delivery of 198 triplets in current review (stribed bars) and 
compilation of 159 triplets reported in previous reviews" ®0 (black bars). *Represents significant 
increase in deliveries at these gestational ages compared with current series (p = 0.01). #Represents 
significant increase in deliveries between 32 and 37 weeks’ gestation compared with previous reviews 


(p < 0.01). 


provision of antepartum care for the triplet pregnancy 
on an outpatient basis. Hospitalized bed rest was in- 
effective in the prolongation of gestation or the im- 
provement of outcome for twin pregnancies in two pro- 
spective and randomized trials.» ' However, the fre- 
quently stated recommendation for triplet pregnancies 
remains hospitalized bed rest in the third trimester.'* 
In the triplet series reported by Ron-el et al.’ and Berg 
et al. the average duration of hospitalization for each 
triplet pregnancy was approximately 40 days. 

Despite a desire to provide outpatient triplet man- 
agement, 44% of the triplets required admission on one 
or more occasions not including admissions because of 
preterm labor. Each of these 88 women was hospitalized 
for an average of 15 days. Despite this very high an- 
tepartum admission rate, the overall savings in terms 
of hospital days by the avoidance of routine hospital- 
ization is remarkable. If all 198 women in this series 
had been admitted for an average of 40 days each, the 
hospital days consumed would have totaled 7920 rather 
than the 1338 actually required. This represents a say- 
ings of 18 years of hospitalization for this one clinical 
series. Given the excellent perintal survival achieved in 
this series, it is clear that outpatient management of the 
triplet gestation is justifiable. f 

It is tempting to speculate as to what specific factors 
contributed to the improved outcome reported in this 
series. Certainly the contemporary benefits of early di- 
agnosis, improved ultrasonic visualization, antepartum 
surveillance, therapy with tocolytic agents, in utero fetal 
therapy, and dramatic improvements in the neonatal 
care of the very-low-birth-weight infant have all con- 
tributed independently. However, the particulars of 


this review do raise some interesting points for dis- 
cussion. 

This review demonstrates that the use of prophylactic 
tocolysis with triplet gestations is very popular among 
obstetricians in the United States. However, the effec- 
tiveness of prophylactic tocolysis remains a very con- 
troversial issue, at least as it pertains to the management 
of the twin gestation.'*"* Ron-el reported no differences 
in the average length of triplet gestation between six 
women without prophylactic tocolysis and eight women 
who received §-adrenergic agents prophylactically. 
Eleven other triplets who received a combination of oral 
B-adrenergic agents and intramuscular progesterone 
prophylactically actually had gestation shortened by al- 
most 2 weeks.” In this particular series, we also found 
that use of prophylactic tocolysis was not associated with 
any obvious improvement in either gestational age or 
birth weight at the time of delivery. These findings may 
be biased if practitioners were more likely to use pro- 
phylactic tocolysis in cases they perceived to be at the 
greatest risk. This selection bias probably. explains the 
poorer obstetric performance of women who under- 
went cervical cerclage. 

The involvement of ambulatory perinatal nursing in 
the outpatient surveillance of the triplet gestation rep- 
resents a significant new trend in the management of 
these pregnancies. Daily ambulatory nursing contact 
and uterine activity monitoring represents an intensive 
antepartum surveillance effort. This effort is ‘directed 
at making the earliest possible diagnosis of preterm 
labor, thereby allowing the more effective use of to- 
colysis.’?* It is controversial as to whether daily uterine 
activity monitoring is additive to the value of frequent 
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personal contact and reinforcement of the principles 
of good prenatal care offered by the perinatal nursing 
team." That question cannot be addressed by the cur- 
rent review as both elements were emphasized in the 
antepartum surveillance of these women. l 

Despite the very high incidence of preterm labor in 
all reported series of triplet gestations, the use of to- 
colytic therapy is only rarely describéd. Itzkowiœ at- 
tempted tocolysis in seven of 46 women and was suc- 
cessful in delaying delivery more than 48 hours in three 
women. Holcberg’ used tocolysis in five of 23 patients 
with a >48-hour success in four women. Certainly 
others have used tocolysis successfully with triplet ges- 
tations but no one has reported the frequency of use 
or the degree of success currently reviewed. Only 29% 
of the triplets with preterm labor were not candidates 
for tocolysis and 52% were tocolyzed for >7 days. The 
mean time gained in utero for those women who re- 
ceived tocolysis was almost 4 weeks. 

It was surprising that the mean age and birth weights 
at delivery in this series were not significantly different 
from many previous reports without such extensive use 
of tocolytic agents.'*: *'° However, comparison of these 
previous reports with the current review made it ap- 
parent that the gestational age distribution at delivery 
was altered. It is possible that the effect of aggressive 
surveillance and therapy with tocolytic agents was to 
prevent very early preterm delivery (<29 weeks), which 
is associated with the highest rate of perinatal mortality. 
The reduced frequency of very early deliveries is coun- 
terbalanced by. fewer deliveries that occurred >37 
weeks’ gestation and therefore more deliveries that 
clustered between 32 and 37 weeks’ gestation. The re- 
duced number of triplet gestations delivered >37 
weeks’ gestation may reflect in part the high incidence 
of elective delivery that occurred both prematurely and 
once 37 weeks’ gestation was achieved. This very high 
incidence of elective preterm delivery is an interesting 
finding and deserves further consideration. In some of 
these cases, elective preterm deliveries were performed 
after documentation of fetal lung maturity by amniotic 
fluid phospholipid studies. However, in the majority of 
these premature deliveries there was no such docu- 
mentation..Only speculation can be offered for these 
elective premature deliveries but possibilities include 
concerns over maternal well-being and pessimism over 
the likelihood of further prolongation of pregnancy. 
The. frequency of elective delivery in this review un- 
derscores the impact that obstetric decision-making can 
have on the results found in retrospective clinical re- 
views. 

The almost universal use of cesarean delivery is an- 
other dramatically changing trend in the management 
of the triplet gestation. The cesarean section rate 
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ranged from 7% to 32% in the previously mentioned 
reports, *®0 as opposed to the 94% cesarean section 
rate in the current series. The impact of the increasing 
cesarean section rate can be evaluated by consideration 
of the influence of birth order on perinatal mortality. 
Even with a smaller number of triplet pregnancies for 
evaluation, almost all authors have identified an in- 
creasing perinatal mortality rate for the second and 
third triplet." *° These authors suggest a variety of 
explanations including an increased risk of delivery 
trauma, intrapartum cord prolapse, placental abrup- 
tion, and subtle alterations in uteroplacental blood flow 
that occurs after delivery of the first or second triplet. 
In the current series the second and third triplet con- 
tinues to manifest a nonsignificant increase in perinatal 
mortality; however, the absence of the dramatic dif- 
ferences seen in previous reports suggests that cesarean 
delivery may improve the prognosis for aftercoming 
triplets by avoidance of most of these potential intra- 
partum complications. There was no maternal mortal- 
ity in this series; however, the dramatic increase in the 
cesarean. section rate must be associated with increased 
maternal morbidity and longer hospital stays. 

This review of the contemporary obstetric manage- 
ment and neonatal outcome of 198 triplet gestations 
indicates that the outpatient management of the triplet 
gestation is completely justifiable and is associated with 
a much better perinatal survival rate than previously 
reported. Without the benefit of prospective random- 
ized trials it is impossible to clearly define the factors 
most responsible for this improvement. However, the, 
current series raises the possibility that thé routine use 
of antepartum hospitalization is unnecessary and that 
prophylactic therapy with tocolytic agents does not sig- 
nificantly contribute to the improved prognosis for trip- 
let gestations. It is believed that intensive antepartum 
surveillance, aggressive therapy with tocolytic agents, 
and the liberal use of ‘cesarean section were helpful in 
providing these women and their neonates the ‘best 
possible outcome. It is hoped the findings of this series 
may spur further investigation with a proper random- 
ized study design to assess which characteristics of an- 
tépartum care contribute most to successful outcome 
for the multifetal gestation. 
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Discussion 

Dr. ALLAN G. W. McLeon, Miami Florida. A series 
of 198 women with triplets collected over a 3-year pe- 
riod is, without question, of significance. The 63.6% 
incidence of preterm labor is not unexpected; however, 
a 5% (29:584) corrected perinatal mortality rate is im- 
pressive. Of particular note is the observation that this 
represents a three-fold to sevenfold improvement over 
outcomes in préviously reported series. 

It has been correctly stressed that this is not a single 
center study, but is one that involved numerous obste- 
tricians in different areas, a fact that makes the peri- 
natal outcome even more impressive. 

The emphasis on .outpatient care is described as 
unique. One might question this description in light of 
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the fact that 63.6% of the women had premature labor 
and 44% required admission on one or more occasions 
because of other reasons. The authors reported a sig- 
nificant reduction in the number of hospital days com- 
pared with an average 40-day stay for routine hospital 
admissions; however, not all triplet pregnancies are ad- 
mitted in such a manner. I wonder whether the overall 
cost savings would be as great as one might initially 
believe. I agree, however, that they have shown that 
more emphasis on outpatient management is justifiable. 
What is not quite so clear is whether it was the daily 
nursing contact with early prenatal care, daily tele- 
phone contact, education, reassurance, and reinforce- 
ment, or the uterine activity monitoring, or a combi- 
nation of the two factors that made the difference. Did 
the authors have the opportunity to look at the effect 
of daily nursing contact alone? There is a singular lack 
of controlled studies in this area. This information is 
needed before recommendation of wholesale use of 
uterine activity monitoring. Also, did the use of Tokos 
Medical Corporation monitoring produce a significant 
number of unnecessary admissions for “threatened 
preterm labor,” which would have been avoided if pal- 
pation and monitoring for cervical changes had been 
used? 

The suggestion that the effect of careful surveillance 
is reduction of very early preterm labor is an important 
concept; it is noteworthy that only 6.6% of the mothers 
were delivered before 29 weeks’ gestation. 

Reduction’of the possible complications of labor and 
delivery by a 94% cesarean section rate is reported; 
however, it is important to emphasize the need to have 
an experienced surgeon and anesthesiologist present, 
plus adequate pediatric assistance. This report also 
shows that a trend toward higher perinatal mortality 
with the second and third twins, which, although not 
statistically significant, exists even when a cesarean sec- 
tion has been performed. There was no discussion of 
maternal complications associated with the increased 
number of cesarean sections; however, I do not dis- 
agree with this approach to delivery. 

In this series the higher number of white women and 
the increased incidence of induced or in vitro fertiliza- 
tion (the latter is an expensive procedure), are sugges- 
tive of a higher socioeconomic status that reflects im- 
proved nutrition ‘and the ability to rest at home and to 
understand and follow instructions. 

Equally important may be the suggestion that early 
institution and continued use of tocolysis produces sig- 
nificant prolongation of pregnancy, whereas prophy- 
lactic use of B-mimetic agents was not associated with 
any improvement in outcome. Was hydroxyprogester- 
one caproate (Delalutin, Squibb, Princeton, N.J.) used 
for prophylaxis by any of the participants? 

I concur with the authors that prospective random- 
ized trials are needed to more clearly define the factors 
most responsible for the improvement in outcome. 
Nonetheless this general report is a significant one in 
the attempt to improve outcome for all women with 
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triplets and I encourage the authors to continue their 
efforts in this field. 

Dr. LAWRENCE D, DEVOE, na Georgia. I think 
this ‘is a remarkable tour de force to get this kind of 
information with this level of detail from so many cen- 
ters around the country that involve so many different 
forces. In terms of those of us intérested in multifetal 
gestation, I do not think there are a lot of new take- 
home messages because those who have studied this 
issue recognize the uselessness of prophylactic tocolysis 
and cerclage. I think what the study enables us to un- 
cover, which I think the authors probably can present 
to us, is the profile of women who do well.: This would 
then allow rational, logical, individualized care, which 
is what these patients really need rather than proto- 
colized nonthoughtful care that puts all patients in one 
category or another. I think that would be something 
that would be very interesting for them to put together 
and share with us at a later date. 

Dr. WALTER Mora_es, Orlando, Florida. I wonder 
what proportion of these patients were indigent pa- 
tients and I wonder whether the author would rec- 
ommend the same approach to the indigent patient? I 
did not catch how many of these preterm gestations 
were complicated with stillbirth and what was the out- 
come of the remaining two infants i in the face of a fetal 
death in utero? 

Dr. Gene BuRKETT, Miami, Florida. As to what Dr. 
Devoe said, I wonder whether the authors would look 
a little bit more carefully at the respiratory distress syn- 
drome. We have information from collaborative studies 
that corticosteroids do not work well for various rea- 
sons. They have a unique opportunity with this kind 
of volume to look not only at the risk factors that may 
lead to early delivery, but possibly at administration of 
steroids given a different way than that to which we 
are accustomed, 

Dr. H. B. Perry, Elkin, North Carolina. I would like 
to emphasize that early diagnosis in any kind of planned 


management is significant. Would the authors comment 


with regard to the birth order and interval between 
deliveries and its effect on anoxia and infant morbidity? 

Dr. HERBERT Hopwoop, Arlington, Virginia. When 
do they electively decide to deliver these patients? If it 
is early with a poorly developed lower uterine segment, 
do they do a vertical or a transverse incision in the 
uterus? : 

Dr. ROBERT YOWELL, Durham, North Carolina. I 
had the privilege of discussing our experience with the 
use of Tokos Medical Corporation and with our high- 
risk preterm labors and twin gestations. I would like to 
ask the authors whether they have had any experience 
with the terbutaline pump in their patients. 

Dr. NEwMAN (Closing). Dr. Yowell, I have not had 
any experience with the terbutaline infusion pump with 
a triplet gestation. I have used it with preterm labor in 
other settings, and I think it is a very exciting modality 
for long-term therapy with tocolytic agents because of 
the advantage of low-dose subcutaneous infusion, but 
I have not used it in triplets. 
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Dr. Hopwood, the patients who were electively de- 
livered were managed by several different obstetri- 
cians. As I reviewed this, I was very impressed with the 
different gestational ages at which they were electively 
delivered. Sometimes there seemed to be no rhyme or 
reason to it. The patients would achieve 35 weeks’ ges- 
tation and it would be determined it was time to deliver. 
At other times, the patients were assessed by amniotic 
fluid phosolipid studies for fetal lung maturity. I 
think this is a mixed group of patients. I am not sure 
if all of these elective deliveries are a good thing or a 
bad thing, but they probably represent a special group 
of patients who need to be looked at more specifically. 
As to the type of cesarean sections used, I cannot say. 
I believe that in most instances the triplet gestation, 
despite frequently not having had’the benefit of labor, 
will still have a well-developed lower uterine segment. 
However, you should always expect malpresentation 
with triplets and I would not be surprised if many.peo- 
ple did use vertical incisioris to either overcome an un- 
developed lower uterine segment or more easily man- 
age malpresention. The effect of ‘delivery intervals is 
very interesting. It is something that has been discussed 
at length for twin gestations, particularly when vaginal 
deliveries were planned. I think the whole focus of that 
issue has changed with the introduction of continuous 
monitoring during the entire second stage of labor. I 
cannot comment on how delivery intervals may affect 
the triplet gestation because so many of them were 
delivered by cesarean section. There were three at- 
tempts at vaginal delivery that resulted in cesarean sec- 
tion. Two had cord prolapses and one had a placental 
abruption, all of which happened fairly quickly after 
delivery of the first infant. 

Dr. Burkett raised a very interesting question about 
respiratory distress syndrome and corticosteroids. This 
is a very controversial issue and most of the evidence 
shows that corticosteroids probably are not of much 
benefit in the multifetal gestation, at least among twins. 
I believe this is because of acceleration of lung maturity 
in these infants. The respiratory distress syndrome rate 
that we had of 23% is not different from what is re- 
ported in some older reviews that looked at neonatal 
morbidity. Therapy with corticosteroids, however, is 
very popular and was used extensively by obstetricians 
when confronted with the triplet gestation in preterm 
labor. Its wide use precludes any meaningful evaluation 
of its effectiveness. Once again, I think it is a very good 
point that the ones who had respiratory distress syn- 
drome may be a group of patients to look at with regard 
to what risk factors they may have had. 

Dr. Morales mentioned that this i is probably a socio- 
economically privileged population. I know there are 
both indigent and Medicaid patients involved in this 
series, but the majority are in the middle to upper class 
socioeconomic strate. However, I wound not change 
my recommendations for management, even for an 
indigent care population. Obviously efforts at outpa- 
tient management may have to be altéred depending 
on the individual circumstances involved. 
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The effect of a single stillbirth among three I cannot 
recall in specific detail. We had several instances in 
which this did occur. One was a patient who we man- 
aged who had a stillbirth ultimately explained by a 
transfusion syndrome with vascular thrombosis. We 
hospitalized the patient at that point and she was 
followed-up another 2 weeks until she spontaneously 
ruptured her membranes. I do not know of any in- 
stances in which a single loss was followed at a later 
date by another loss. 
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Dr. Devoe mentioned the excellent data collection, 
and I must applaud Ms. Cheryl Hamer, who was of 
incredible assistance in this project. Ms. Hamer is the 
manager for international research for Tokos Medical 
Corporation and was responsible for the coordination 
of the data-collection efforts. Dr. Devoe also raised.an- 
other excellent point with regard to the profile of those 
patients who did very well, whether you define that by 
laboring at term or by birth weight. This is something 
we will investigate. 
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An analysis of 67 maternal deaths from January 1, 1981, through December 31, 1985, are reported in 
detail and in the perspective of 3780 maternal deaths previously reviewed in North Carolina since January 
1, 1946. Although the direct obstetric mortality rate has decreased 95% over the 40 years, within causal 
mortality groups the rates have changed variably during the past 5 years. For the first time, no deaths from 
obstetric infection occurred. Whereas deaths from toxemia continue to decline, those from hemorrhage, 
embolism, and anesthetic complications remain unchanged. Within the hemorrhage causal group, deaths 
from ectopic pregnancy have risen to 70%. The maternal death rate after 20 weeks’ gestation is almost 10 
times that associated with pregnancy interruptions. Of particular concern is the relative risk of death 
between the nonwhite and white patients. The North Carolina data are reviewed in the light of those in the 
South Atlantic region and in the nation as a whole. (Am J Osstet Gynecol 1989;161:555-61.) 


Key words: Maternal mortality, direct obstetric deaths, abortion-related deaths, relative risks 


A Maternal Mortality Committee was constituted by 
the North Carolina State Medical Society in 1945. Dur- 
ing the succeeding 40 years, the records of 3851 ma- 
ternal deaths have been reviewed and classified. Pre- 
vious studies have analyzed North Carolina’s maternal 
mortality rates before 1981.’* The present report de- 
tails deaths during 1981 to 1985 and compares their 
incidence and cause with those of previous studies. 
Findings of concern are compared with those of the 
South Atlantic region* and of the United States as a 
whole from 1981 to 1985. Despite differences in data 
collection and reporting, the North Carolina experi- 
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ence appears to reflect that of the South Atlantic region 
and the United States. 


Material and methods 


The records of 71 deaths that occurred from January 
1, 1981, through December 31, 1985, were reviewed 
and analyzed. With the cooperation of the North Car- 
olina State Health Department, birth certificates were 
cross-checked with death certificates to assure com- 
pleteness of the data collection. The classification of 
obstetric causes of death recommended by the Com- 
mittee on Maternal and Child Care of the council on 
Medical Service, American Medical Association,® was 
used. This classification defines a maternal death as “the 
death of any woman dying of any cause whatsoever 
while pregnant or within 90 days of the termination of 
the pregnancy, irrespective of the duration of the preg- 
nancy at the time of termination or the method by 
which it was terminated.” A direct obstetric death is a 
death that results from complications of the pregnancy 
itself, from intervention elected or required by the 
pregnancy, or from the chain of events initiated by the 
complications or the intervention. An indirect obstetric 
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Fig. 1. Semilogarithmic graph of maternal death rates in North Carolina according to major clas- 


sification from 1946 to 1985 by 5-year cohorts. 


Table I. Maternal deaths in North Carolina by 
classification, 1981 to 1985 


Number 


Direct obstetric 40 
Indirect obstetric 15 
Insufficient information 1 
Nonobstetric ll 
TOTAL 67 


death is a death that results from disease that existed 
before or developed during pregnancy (not a direct 
effect of the pregnancy) that was obviously aggravated 
by the physiologic effects of the pregnancy and caused 
the death. 

Autopsy confirmation of the cause of death was ob- 
tained in 88% of cases. 

Of the 71 deaths, 67 met the criteria for a maternal 
death, 56 of which were from direct and indirect causes. 
Since the advent of elective abortions, our maternal 
mortality rates have been expressed as a function of 
the sum of reported live births plus elective abortions. 
This permits realistic comparisons with earlier data. For 
comparison with regional and United States data, 
North Carolina maternal mortality rates were ex- 
pressed as a function of live births alone. 


Results 

During the 5-year study period (1981 to 1985), 
498,891 live births and 155,498 elective abortions oc- 
curred. A total of 54 direct and indirect maternal deaths 
were unrelated to elective abortion (12.6: 100,000 live 
births) and two deaths succeeded one elective and one 


indicated abortion (1.3:100,000 abortions). The dis- 
tribution of maternal deaths by classification is shown 
in Table I and compared with prior experience in Fig. 
1. Over the 40-year period, maternal deaths from ob- 
stetric causes have decreased 95%. 

Specific causes of the direct obstetric deaths are pre- 
sented in Table II and compared with prior experience 
in Fig. 2. For the first time, no deaths primarily attrib- 
utable to obstetric infection ccurred. Similar to the ex- 
perience since 1965, toxemia, embolism, and hemor- 
rhage were the leading causes of maternal deaths with 
anesthestic complications a distant fourth but consistent 
cause. In contradistinction with deaths from toxemia 
that have maintained a steady decline during the study 
period, death rates from embolism, hemorrhage, and 
anesthetic complications were essentially unchanged 
from the 1976 to 1980 period. It is significant that 
deaths from ectopic pregnancy accounted for an in- 
creasingly larger proportion of all deaths from hem- 
orrhage, rising from 16% in 1975 to 33% in the 1976 
to 1980 period and to 70% in the current period. The 
four deaths attributed to anesthetic complications were 
all associated with difficult endotracheal intubations 
during induction of anesthesia for cesarean section, 
and three women were markedly obese. 

Two deaths were possibly of iatrogenic origin. One 
patient was hypotensive from profuse bleeding and an 
attempted right subclavian venocentesis resulted in an 
arterial perforation, hemopericardium, and death. In 
the second patient, tocolysis to control premature labor 
was complicated by congestive heart failure with sub- 
sequent death from adult respiratory distress syn- 
drome. 
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Fig. 2. Semilogarithmic graph of major direct obstetric death rates by cause in North Carolina from 


1946 to 1985 by 5-year cohorts. 


Specific causes of indirect obstetric deaths are pre- 
sented in Table III. As in previous reviews, cardiac 
disease and nonobstetric infections accounted for the 
majority of deaths. 

Two deaths complicated interruption of pregnancy. 
One patient with coronary artery disease died of a myo- 
cardial infarction. The second patient merits special 
attention. Two weeks after an “elective first-trimester 
abortion” she had abdominal pain and a low-grade fe- 
ver and was treated by a second physician because of 
pelvic infection. She died 10 hours later, and autopsy 
confirmed a ruptured ectopic pregnancy. It is not 
known whether products of conception were positively 
identified at the time of the abortion. Delayed diagnosis 
as a factor in 67% of 24 deaths caused by ectopic preg- 
nancy has been previously reported.® 

Although the reduction in the nonwhite (primarily 
black) maternal mortality rates have paralleled those of 
the white race in North Carolina during the past 20 
years (Fig. 3), the relative risk of death among nonwhite 
women compared with white women was relatively con- 
stant from 1966 to 1980 at 2.6% and 2.7%, respectively. 
However, during the 1981 to 1985 period, that relative 
risk rate rose to 3.3%. In an effort to more closely define 
the sources of these differences, relative risk rates were 
developed for causal categories of maternal deaths 
(Table IV). It is clear that the relative risk rate of direct 
obstetric deaths primarily accounts for the difference; 
toxemic and hemorrhagic deaths are quite disparate 
from the other causes at 11.1% and 4.8%, respectively. 


Comment 


State and national maternal deaths are variously dis- 
covered and described statistically. In North Carolina, 


Table II. Specific causes of direct obstetric 
maternal deaths in North Carolina, 1981 
to 1985 


Number 


Toxemia 
Cerebrovascular accident 6 
Disseminated intravascular 4 
coagulation-multiple 
organ failure 
Coma-convulsion 3 


Embolism 
Amniotic fluid 
Blood clot 
Air embolism 


=A 


Hemorrhage 
Ectopic pregnancy 
Placenta previa 
Uterine inversion 
Uterine rupture, sponta- 
neous 


mee NT 


Anesthetic complications 
Hypoxia 3 
Aspiration 1 
Adult respiratory distress 1 
syndrome 


TOTAL 40 


correlation of birth and death certificates has been used 
to discover pregnancy-related deaths. We believe this 
to be the most accurate method and our opinion is 
confirmed by individual state and national statistics. 
Demographic data taken from state Health Department 
vital statistics have been found to be notoriously defi- 
cient. In a previous study, eight collaborators who 
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Fig. 3. Semilogarithmic graph of maternal deaths in Nort Carolina by race from 1966 to 1985 by 


5-year cohorts including the nonwhite/white ratio. 


Table III. Specific causes of indirect obstetric 
maternal deaths in North Carolina, 1981 
to 1985 


Number 


Cardiac disease 
Cardiomyopathy 3 
Myocardial infarction \ 2 
Rheumatic 1 


Infection 
Pneumonia 
Pyelonephritis l 


Cerebrovascular accident 2 
Miscellaneous 
Hepatitis 
Sickle cell disease 
Diabetes 


pt poet pant 


TOTAL 13 


worked in cooperation with the American College of 
Obstetricians and Gynecolgoists (ACOG) and the Cen- 
ters for Disease for Control (CDC) found 37% more 
deaths than were uncovered through current “normal” 
CDC channels.” Currently the CDC is devising a new 
reporting system that will be implemented uniformly 
throughout the country. We expect this will result in 
more accurate reporting. One problem may be a need 
for redefinition of maternal death.* Medical progress 
now permits sustentation of life well beyond the 90 days 
originally defined by the American Medical Associa- 
tion. Clearly, a system that accounts for such new 
achievements must be developed. In addition, a stan- 
dard approach to the separation of elective abortion- 
related deaths from traditional maternal deaths must 
be used. The concept of reproductive-related deaths 
adds the additional obfuscating factor of contraceptive- 
related deaths and this also must be standardized. 


Although there has been a progressive decline in 
pregnancy-related deaths in North Carolina during the 
past 40 years, within the direct obstetric causal groups 
varying trends have characterized the 1981 to 1985 
data. As previously noted, deaths from obstetric infec- 
tion have fallen‘ precipitously since the 1971 to 1975 
period and no such deaths occurred during the current 
report period. We believe this is a result of two main 
factors: the development of increasingly effective an- 
tibiotics and the legalization of elective abortion. Since 
1972, no death has occurred in North Carolina from 
septic abortion. Deaths from toxemia of pregnancy 
have continued to decline at an almost unchanged rate 
during the past 15 years. During the past 5 years we 
have been unable to identify any unique characteristics 
in this group other than race. Lack of prenatal care 
was not clearly evident as a major factor in these deaths. 

In contradistinction with death rates from infection 
and toxéinia, those from embolism, hemorrhage, and 
anesthetic complications have remained constant from 
1976 to 1980 through 1981 to 1985. Since 1970, deaths 
from blood clot emboli have decreased 60%, whereas 
those from amniotic fluid emboli show no trend in 
either direction. Perhaps we are approaching the ir- 
reducible minimum in this area. 

As in the South Atlantic region and in the 
United States overall, deaths in North Carolina from 
ruptured, ectopic pregnancies now comprise 50% or 
more of all deaths from hemorrhage. Review of the 
North Carolina experience indicates no significant 
change in the absolute number of patients who died 
from ectopic pregnancy since 1970. Therefore, reduc- 
tions in the number of deaths from other causes of 
hemorrhage have occurred. For example, were we to 
delete the deaths from ectopic pregnancy from the cur- 
rent North Carolina data, the remaining death rate 
from hemorrhage would be the lowest of the direct 
causal groups (0.51: 100,000 conceptions). One death 
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Table IV. Maternal death rates* by race, classification, and major direct cause in North Carolina, 1981 




















to 1985 
Nonwhite/ white 
Nonwhite White ratio 
Direct obstetric 13.91 3.31 4.2 
Toxemia 5.67 0.51 ` 11.1 
Embolism 3.61 1.27 2.8 
Hemorrhage 3.61 0.76 4.8 
Anesthetic complications 1.03 0.51 2.0 
Other 0.00 0.25 -= 
Indirect obstetric 3.61 2.03 18 
Total obstetric 17.52 5.34 3.3 
*Per 100,000 conceptions. 
Table V. Maternal death rates* by race, geographic area, and select causes, 1981 to 1985 
Death rates 
Nonwhite/ white 
Cause Nonwhite White ratio 
Total obstetric 
United States 8.0 17.7 5.7 3.1 
South Adantic 10.8 21.8 5.4 4.0 
North Carolina 13.0 25.9 7.2 3.4 
Hemorrhage 
United States 2.1 5.6 1.4 4.1 
South Atlantic 2.6 = — — 
North Carolina 2.3 5.2 1.0 4.8 
Ectopic pregnancy 
United States 1.0 3.5 0.5 6.9 
South Atlantic 1.4 —_ — — 
North Carolina 1.6 3.7 0.7 5.1 
Toxemia 
United States 1.3 3.04 0.96 3.4 
South Atlantic 1.6 — — — 
North Carolina 3.0 8.1 0.7 Ll 


*Per 100,000 live births. 


from ectopic pregnancy was preceded by an elective 
abortion. Although an ectopic and an extrauterine 
pregnancy may coexist, this rarely occurs. It is critically 
important after an elective abortion to positively iden- 
tify products of conception. State laws vary on how this 
should be done. However, should there be any question 
after careful gross inspection, microscopic confirmation 
should be mandatory. oO 

Deaths from anesthetic complications represent the 
most clearly identifiable area for prevention. Consis- 
tently these deaths result from aspiration of gastric con- 
tents or inadequate ventilation that complicate difficult 
endotracheal intubations in obese patients about to 
have a cesarean section. Such circumstances demand 
the best anesthesia expertise available. 

The increased risk of maternal deaths in nonwhite 
women noted in the North Carolina data is not 
new and may possibly be rising. These observations 
prompted us to look at available data from the 
South Atlantic region and the United States.’ Table V 





presents this data for pregnancy-related deaths and 
specific causal groups. It is clear that with the exception 
of deaths from toxemia, the North Carolina experience 
is typical of regional and national data that indicate at 
least a threefold to fourfold greater risk of death in 
nonwhite women. We believe that the unusually high 
death rate from toxemia in North Carolina reflects 
more precise reporting. Significant risk variations are 
present in causal groups that cannot be explained spe- 
cifically. Perhaps the increased frequency of cardiovas- 
cular disease in the black race may be a factor in the 
high frequency of deaths from toxemia. Similarly, an 
increased frequency of pelvic inflammatory disease may 
predispose women to ectopic pregnancy. Irrespective 
of speculation, the uniformity with which the nonwhite 
woman remains at greater risk for maternal mortality 
indicates that improved education, improved access to 
prenatal and delivery care, and continued research into 
possible medical underlying factors must still be accom- 
plished for the low socioeconomic populations. 
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To achieve these ends, physicians must become in- 
creasingly aggressive in their efforts to further diminish 
maternal deaths. That we have continually lowered ma- 
ternal mortality rates over the past 4 decades indicates 
that quality assurance is nothing new to obstetrics. 
True, today’s litigious climate promotes little enthusi- 
asm for maternal mortality studies. However, lower 
mortality rates are attainable and our imperative to 
maintain medicine’s pact with the public has never been 
greater. This study is not a negative judgment on the 
significant progress made through the past 50 years, 
but rather it shows us how far we have come and re- 
minds us of how far we have yet to go. It should be 
out goal to eliminate the disparity in maternal and fetal 
deaths between white and nonwhite populations. 
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Discussion 

Dr. J. Bruce TAYLOR, Charlotte, North Carolina 
(Official Guest). I thank Dr. Joe May in his association 
with Dr. Frank Greiss for an excellent historical review 
and update of 40 years of obstetric mortality data from 
the State of North Carolina that encompasses 3851 ma- 
ternal deaths. His information, presented previously, 
continues to provide physicians of North Carolina and 
elsewhere a timely update of this most catastrophic 
complication of our specialty. Each of these 3851 ma- 
ternal deaths has undergone an extensive chart review 
with autopsy verification and interviews, if necessary, 
to elicit exact information to thereby allow discernment 
over those complications that are indeed preventable. 
A review of this information certainly provides us with 
the historical perspective to know we are doing far bet- 
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ter with management of pregnancy than ever before, 
but there are some alarming trends on the horizon. 

As you can see, Dr. May’s graphic illustrations (Figs. 
1, 2, and 3) show a significant (95%) decrease in the 
maternal mortality rate (1940, 376: 100,000 live births’; 
1980, 9:100,000 live births’; 1985;7.8:100,000 live 
births’). However, I seriously doubt that the objective 
called for in 1980 of a maternal mortality rate of 
5: 100,000 live births by 1990 will be attained.’ The 
categorization of these obstetric nightmares summa- 
rized in Fig. 2 reflect that downward trend with a few 
highlights herein reiterated. 

L. We may very well have reached an irreducible 
minimum in anesthetic-related deaths with more com- 
plications occurring now from morbid obesity than 
from the gravid state. (Three of four deaths were noted 
in markedly obese patients.) 

2. The perpetual triad of toxemia, embolism, and 
hemorrhage continues to show essentially an un- 
changed status from previous data except in the alarm- 
ing increase in incidence of deaths from ectopic preg- 
nancy. 

In review of an article published in December 1987," 
the death rate from ectopic pregnancy has shown an 
impressive sevenfold decline (35.2 to 5.3 deaths per 
10,000 cases) in the period from 1970 to 1983. During 
that same time, however, the number of ectopic preg- 
nancies has shown a fourfold increase (17,900 to 
69,000). This increased incidence tends to obscure the 
fact that we are doing a better job of preventing death 
from ectopic pregnancy. The simultaneous decrease in 
maternal deaths from other causes (hemorrhage, pla- 
centa previa, uterine rupture, infection, and embolism) 
has resulted in a relative increase in the maternal 
death rate from ectopic gestation. Unfortunately, the 
risk of death from ectopic pregnancy is larger for 
black women (16.1:10,000 cases), other minorities 
(7.4: 10,000 cases), and teenagers (9.5: 10,000 cases)’ 
Further breakdown of this data reveals that a substan- 
tial proportion of fatal ectopic pregnancies occurred in 
women before they sought obstetric care in our health 
care system. Consequently, ‘a significant number of 
these deaths may be preventable. Perhaps the political 
football being passed about in Congress with regard to 
maternal care for all women, regardless of economic 
status, may provide some means to make a distinct im- 
provement in the death rate from ectopic pregnancy. 

3. The most impressive category for highlight in Dr. 
May’s statistics is the absence of a maternal death from 
an infectious source in his most recently collected data. 
The advancement in antibiotic therapy and life support 
systems technology has progressed remarkably in the 
past 10 years, making this an impressive statistic. 

However, the most significant infectious disease ep- 
idemic in our medical careers, that of acquired im- 
munodeficiency syndrome (AIDS), has come home. 
Until recently the AIDS problem has been distinctly 
absent from this, the ultimate heterosexual population, 
the gravid woman. A total of 20 cases of AIDS-related 
maternal deaths have been reported (unpublished data) 
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to augment the six previously reported cases. Al- 
though not yet a “problem” in North Carolina, we 
all will face this epidemic in the next few years if 
reported projections become reality. Unfortunately, 
the available information continues to implicate these 
same high-risk categories: minority, bisexual, and in- 
travenous drug abuse patients. The most pertinent 
observation made io date in this population of pregnant 
patients with AIDS has been a shorter diagnosis-to- 
death interval (113 days versus 187 days for pregnant 
versus nonpregnant women with AIDS).° Whether 
pregnancy will have an adverse effect on AIDS will only 
be discernable by further epidemiologic analysis as this 
crisis unfolds. 

4. Dr. May’s most astute analysis of these 67 maternal 
deaths discerned two that were considered to be of 
iatrogenic origin. This 3% of maternal deaths is prime 
material for that segment of the legal profession that 
seeks fast remuneration. Unfortunately, these deaths 
are a significant inhibition to an effective, nationwide 
reporting system of maternal deaths. I commend Dr. 
May in his most diligent efforts of correlation of birth 
and death certificates to discover pregnancy-related 
deaths. I fully expect that these two deaths were only 
discerned by his analysis of this data. Fortunately, the 
CDC has now devised a new reporting system through 
the National Center for Health Statistics that it is hoped 
will eliminate this particular problem and will allow 
unbiased reporting without fear of potential medico- 
legal inquiry. 

In conclusion, I agree with Dr. May’s assessment that 


we have come a long way since 1946 to improve our, 


care of the gravid patient, but there is more attainable 
progress, unless AIDS becomes a“bubonic plague” for 
us as well as for ensuing generations. I commend Dr. 
May in his association with Dr. Greiss for their diligent 
efforts in this most unglamorous and, at times, frus- 
trating collection of information. My hope is to see us 
attain the irreducible minimum in all obstetric compli- 
cations but, most importantly, in maternal death. 
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Dr. STEPHEN ANDERSON, Winston-Salem, North Car- 
olina. Dr. May, I want to congratulate you and also 
observe that it is a lot easier to review 5 vears of ma- 
ternal death than it used to be. I sat thinking about the 
dramatic reduction in deaths from infection and would 
merely comment that I think most of this is probably 
related to legalized abortion. At this time it is not par- 
ticularly popular to speak for medically available abor- 
tion, but I think zhat is probably the case. It behooves 
all of us to think about that in view of the decisions that 
are before the Supreme Court. There were dramatic 
improvements in antibiotic therapy before 1970 that 
did not have an impact on infection-related deaths as 
has occurred in the past 10 years. 

Dr. May (Closing). I wish to express my appreciation 
to Dr. Anderson for making his strong, positive obser- 
vation on the decline of “infection deaths” as related 
to the advent of legalized abortion. I hope that Dr. 
Pearse will transmit this observation through ACOG to 
our representatives in Washington, D.C. I will provide 
him with Fig. 2, which supports the contention that 
medically performed abortion is much safer than is 
criminal abortion. 

I thank Dr. Taylor for his salient observations, es- 
pecially with respect to the AIDS plague :n pregnant 
women. Possibly, even more remote unrealized causes 
of maternal deaths may loom over the horizon. This 
gives us a raison d’étre for maternal mortality reporting. 
An irreducible minimum number for specific causes of 
maternal death is frequently mentioned. Any irredu- 
cible minimum number above zero as a cut-off point 
for maternal mortality study is unacceptable. 

The ACOG has provided program time during the 
past four to five annual meetings for a group of obste- 
tricians who are interested in maternal mortality study. 
This program has led to a meaningful collaboration 
between the ACOG group and the CDC. The collab- 
orative efforts have made tremendous progress in the 
formulation of a uniform maternal mortality report 
system. 

Maternal mortality study and reporting are less than 
exciting, but like all epidemiology, they are necessary 
to more precisely know where our attention must be 
directed to prevent the occurence. I solicit the help of 
all obstetricians throughout the United States and its 
territories to participate in the maternal mortality re- 
port system through the CDC. 


Risk factors for intraamniotic infection: A prospective 


epidemiologic study 
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To determine the cumulative incidence of intraamniotic infection in our hospital arid to identify potential risk 
factors for infection, 408 consecutive patients were followed up prospectively to determine development of 
intraamniotic infection. The clinical diagnosis of intraamniotic infection was made in 43 (10.5%) patients. 
Patients with intraamniotic infection were younger, of lower cravidity and parity, more likely to require 
oxytocin augmentation, and more likely to be monitored internally than were patients who were not 
infected. They also had longer durations of labor, ruptured membranes, and hospitalization before delivery, 
had significantly more vaginal examinations, and were more likely to be delivered of infarits by cesarean 
section, as compared with patients without infection. Logistic regression analysis identified four variables 
independently associated with intraamniotic infection: the number of vaginal examinations, duration of ` 
ruptured membranes, use of internal monitors, and duration of total labor. Further study is necessary to 
clarify the role of these risk factors in the pathogenesis of intraamniotic infection so that infection contral 
strategies can be developed. (Am J OssteT Gynecol. 1989;161:562-8.) 
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It has been reported that chorioamnionitis or in- 
traamniotic infection develops in between 0.7% and 
1.3% of women who are in labor or who have ruptured 
amniotic membranes.'* This rate of intraamniotic in- 
fection is based on retrospective reviews. In addition, 
potential risk factors that may predispose patients to 
the development of intraamniotic infection have not 
been prospectively studied. Our labor suite nurses per- 
ceived a high rate of infection in our patient population 
and a retrospective review of patient records revealed 
a higher than expected rate of intraamniotic infection. 
This prompted us to carry out a prospective study to 
determine the incidence of intraamniotic infection in 
our hospital. Because we suspected that the increased 
rate of intraamniotic infection may be related to iat- 
rogenic factors, additional data were collected to 
identify risk factors associated with intraamniotic in- 
fection. 


Material and methods 


From January 15 to February 22, 1987, 408 consec- 
utive patients admitted to the Medical College of Vir- 
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ginia’s Labor and Delivery Suite were followed up. pto- 
spectively to determine development of intraarnniotic 
infection. The population is indigent and predoimi- 
nantly black. 
Definition of intraamniotic infection. The diagnosis 
of intraamniotic infection was based on the following 
criteria. The patient had to have ruptured membranes 
and a temperature >100° F on two occasions at least 1 
hour apart or a single temperature >101° F. In addi- 
tion, the patient had to have one of the following clinical 
findings: (1) maternal tachycardia (>100 beats/ min), 
(2) fetal tachycardia (>160 beats/min), (3) maternal 
leukocytosis (>11000/mm‘), or (4) foul-smelling am- 
niotic fluid. Other sources of intrapartum fever such 
as urinary tract infection, corfimunity-acquired respi- 
ratory tract infection, intravenous catheter-associated 
infection, and substantial dehydration were excluded. 
After the criteria for the diagnosis of intraamniotic in- 
fection were fulfilled, patients were started on pareh- 
teral ampicillin and gentamicin, ‘These antibiotics were 
continued during labor and in the postpartum period 
until the patient was afebrile for 24 hours. . 
Epidemiologic data. The following data were col: 
lected from each patient’s record: age, race, gravidity, 
parity, estimated gestational age, and date and time 
admitted and delivered of infants. Data were collected 
on the use of internal monitors, induction of labor, 
oxytocin augmentatión, use of intrapartum antibiotics, 
route of delivery, duration of ruptured membranes, 
number of vaginal examinations, and duration of 
the latent and active phases of labor. The dura- 
tion of internal monitoring was recorded only for 
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patients with the clinical diagnosis of intraamniotic in- 
fection. 

Laboratory data. A complete blood count and two 
pretreatment blood cultures were obtained for all pa- 
tients who met the criteria for the clinical diagnosis of 
intraamniotic infection. A catheterized urine specimen 
was obtained for culture. An attempt was made to as- 
pirate amniotic fluid from the intrauterine catheter for 
culture. 

Microbiologic techniques. Blood was cultured by the 
injection of 10 ml of blood into a diphasic medium that 
consisted of trypticase soy agar as the solid phase and 
90 ml of brain heart infusion broth with 0.2% agar as 
the liquid phase. With a calibrated loop, urine was in- 
oculated onto trypticase soy agar with 5% sheep blood 
(blood agar) and eosin methylene blue agar. Amniotic 
fluid was inoculated onto blood agar and chocolate agar 
for aerobic microorganisms and onto prereduced an- 
aerobically sterilized peptone—yeast extract— glucose 
media, blood agar, and chocolate agar for anaerobic 
microorganisms. All media were incubated at 35° C 
under aerobic and anaerobic atmospheres. Several 
specimens were cultured for genital mycoplasmas by 
inoculation onto Mycotrim diphasic media (Hana Bi- 
ologicals, Inc., Berkeley, Calif.) that was incubated 7 
days. All organisms were identifed with standard meth- 
ods as previously outlined.’ 

Statistical analysis. Discrete data were tested for sig- 
nificance with the x? test or Fisher’s exact test. Contin- 
uous data were tested for significance with a two-tailed 
Student’s ¢ test. Logistic regression analysis was per- 
formed with the diagnosis of intraamniotic infection as 
the dependent variable. All p values were based on two- 
tailed tests with p < 0.05 considered to be significant. 


Results 


During the study period, 45 (11.3%) of 408 patients’ 


had fever during labor. One patient had a positive urine 
culture that yielded >1 million colonies per milliliter 
of Proteus mirabilis and she was treated for pyelone- 
phritis. One patient had signs and symptoms compat- 
ible with an upper respiratory tract infection and was 
observed but was not treated. The clinical diagnosis of 
intraamniotic infection was made in the remaining 43 
(10.5%) patients. Urine cultures were negative in all but 
one of the patients who had intraamniotic infection, 
P. mirabilis and enterococci were recovered from her 
urine, but an amniotic fluid culture was positive for >1 
million colonies per milliliter of Escherichia coli. 

All patients with intraamniotic infection were febrile 
and had ruptured membranes. The mean temperature 
for infected patients was 101.5 + 0.8° F, compared with 
99.0 + 0.7° F for uninfected patients (p = 0.0001). The 
mean white blood cell count was 14,617 + 4907/mm* 
in patients with intraamniotic infection and 11,877 + 
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Table I. Demographic data 











No 
intraammniotic 
infection 
(n = 365) 









Intraamniotic 
infection 
(n = 43) 





Characteristic 


Age* (yr) 213+3.3 23.345.5 0.002 
Race, n (%) 

Black 30 (69.8) 211 (57.8) 

White 13 (30.2) 148 (40.6) 

Other 0 (0) 6 (1.6) NS 
Gravidity* 19+ 1.1 24+1.6 0.04 
Parity* 0.4 + 0.6 09+ 1.3 0.005 
Estimated gestational 39.0 + 2.5 38.5 + 4.5 NS 

age (wk) 


*Data expressed as mean + SD. 


3737/mm’ in the uninfected patients (p = 0.0026). 
Most patients (34/43, 79.1%) met at least four criteria 
for the diagnosis of intraamniotic infection. All patients 
with leukocytosis as the only additional criterion for the 
diagnosis of intraamniotic infection had a white blood 
cell count >15,700/mmè. 

Demographic data are presented in Table I. Patients 
with intraamniotic infection were younger and had 
lower gravidity and parity than did patients who were 
not infected. A total of 67% (29/43) of patients with 
intraamniotic infection were nulliparous, compared 
with 43.6% (159/365) of the uninfected patients (p = 
0.002). Premature delivery (<38 weeks’ estimated ges- 
tational age) occurred in 18.6% (8/43) of patients with 
intraamniotic infection, and 11.6% (5/43) of the infants 
weighed <2500 gm. This was not significantly different 
from the rate of premature delivery (24.9%, 91/365) 
in uninfected patients. 

Patients with intraamniotic infection were more likely 
to require oxytocin augmentation and to be internally 
monitored. Infected patients also had longer durations 
of labor and ruptured membranes and had significantly 
more vaginal examinations when compared with pa- 
tients without infection. Infected patients were also 
more likely to be delivered of infants by cesarean sec- 
tion, primarily because of failure to progress in labor, 
than were patients without intraamniotic infection. 
These data are summarized in Table H. 

Patients with intraamniotic infection demonstrated a 
longer duration of hospitalization before delivery 
(59.2 + 119.1 hours) when compared with patients 
without intraamniotic infection (24.3 + 85.4 hours, 
p = 0.02). We noted that 25.3% (16/63) of patients with 
admission-to-delivery intervals >24 hours became in- 
fected, compared with 7.8% (27/345) with intervals 
<24 hours (p = 0.002). 

Logistic regression analysis identified five variables 
independently associated with the diagnosis of intraam- 
niotic infection (Table IHI). When the outcome variable 
cesarean section was eliminated from the model, inter- 
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Table II. Intrapartum data 













No 






Intraamniotic intraamniotic 
infection infection 
Characteristic (n = 43) (n = 365) 








Induction* 8 (18.6) 46 (12.6) NS 
Oxytocin augmentation* 34 (79.1) 122 (33.4) <0.0001 
Internal monitor* 42 (97.7) 254 (69.6) 0.0001 
Cesarean section* 25 (58.1) 58 (15.9) <0.0001 
Latent phase (hr)t 16.7 + 11.0 7.2 +61 0.0001 
Active phase (hr)t 6.8 + 4.2 4.7 + 4.5 0.009 
Total labor (hr)+ ; 22.8 + 9.7 11.3 + 8.5 0.0001 
Duration of ruptured membranes (hr)t 24.3 + 18.1 9.5 + 21.2 0.0001 
Vaginal examinations (n)t 6.6 + 2.4 3.7 + 2.4 0.001 


*Number, (%). 
+Mean + SD. 


Table III. Results of logistic regression analysis 


vo Te [ee [ee e 


Internal monitors 3.652 
Cesarean section 1.813 
Total labor 0.089 
Vaginal examinations 0.231 
Duration of ruptured membranes 0.016 


nal monitoring, duration of ruptured membranes, 
number of vaginal examinations, and total duration of 
labor remained significantly associated with intraam- 
niotic infection (Table IV). 

An amniotic fluid specimen was obtained for culture 
by aspiration of the intrauterine pressure catheter in 
18 (41.9%) of 43 patients. All but one yielded at least 
one microorganism on culture. Aerobic gram-positive 
cocci were the bacteria most frequently isolated. Group 
B streptococci were cultured in five cases. Nine of 18 
(50%) patients had more than one organism isolated 
from their amniotic fluid. Five patients had anaerobic 
microorganisms (Peptostreptococcus, 3; Fusobacterium sym- 
biosum; and Bacteroides fragilis) isolated, and all five had 
concomitant isolation of aerobic organisms (Table V). 
One maternal blood culture yielded diphtheroids. This 
patient also had diphtheroids isolated from the amni- 
otic fluid. 


Comment 


Determination of the cumulative incidence of clinical 
intraamniotic fluid infection with prospective patient 
surveillance has not been previously reported. The in- 
traamniotic infection rate of 10.5% in our patients was 
considerably higher than the previous estimates based 
on retrospective record reviews.'* There may be several 
reasons for this difference. First, data generated by 
retrospective study may significantly underestimate the 
true cumulative incidence of intraamniotic infection. 


1.698 5.77 0.016 0.117 
1.519 17.38 0.001 0.237 
0.434 13.46 0.001 0.205 
0.107 4.66 0.031 0.099 
0.008 3.89 0.049 0.083 


Second, our definition of intraamniotic infection was 
somewhat different from those used in the retrospec- 
tive studies; only one of those studies used criteria more 
stringent than ours. Third, the populations studied 
were also different. Our population was predominantly 
indigent and black, whereas the populations in the 
other studies were predominantly Hispanic or unde- 
fined. 

We observed that the durations of rupture of the 
mémbranes and of labor, nulliparity, and oxytocin aug- 
mentation were significantly associated with intraam- 
niotic infection. In a retrospective study, Ferguson and 
associates’ observed a significant relationship between 
duration of ruptured membranes and intraamniotic in- 
fection. Gibbs and coworkers® observed that durations 
of labor and ruptured membranes were significantly 
associated with intraamniotic infection in a study of 
genital mycoplasmas, but it was not stated whether that 
study was prospective or retrospective. 

Use of internal monitors was significantly associated 
with intraamniotic infection. Two studies®” have pre- 
viously examined the association between intraamniotic 
infection and duration of internal monitoring. In the 
most recent of these two studies,’ internal monitoring 
was independently associated with the development of 
intraamniotic infection. In our series, all patients who 
had intraamniotic infection with ruptured membranes 
for <24 hours were internally monitored. These mon- 
itors were in place for an average of 12 hours before 
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Table IV. Results of logistic regression analysis with cesarean section deleted 


Vaginal examinations 0.324 
Duration of ruptured membranes 0.020 
Internal monitors 3.550 
Total labor 0.101 





0.100 10.42 0.0012 0.175 
0.008 6.12 0.0134 0.123 
1.601 4.92 0.0265 0.103 
0.023 18.87 0.0001 0.248 





the clinical diagnosis of intraamniotic infection. Logistic 
regression analysis confirmed an independent associ- 
ation of internal monitoring with intraamniotic in- 
fection. 

The number of vaginal examinations was also sig- 
nificantly associated with intraamniotic infection by 
both univariate and multivariate statistical analysis. 
Data on the impact of the number of vaginal exami- 
nations on postpartum infection are in conflict.*'° Our 
data indicate that internal monitoring and the number 
of vaginal examinations are important contributors to 
the occurrence of intraamniotic infection during labor. 
This relationship with internal monitoring and number 
of vaginal examinations is strengthened by the results 
of multivariate analysis that allowed us to control for 
the duration of ruptured membranes and the total du- 
ration of labor. Table VI shows the cumulative prob- 
ability of the occurrence of intraamniotic infection in 
monitored patients as the number of vaginal exami- 
nations and the durations of ruptured membranes and 
total labor increases. 

The disproportionate number of patients with in- 
traamniotic infection admitted to the hospital >24 
hours before delivery also suggests a nosocomial source 
of these infections. Most of these patients were admit- 


ted with either premature rupture of the membranes. 


or pregnancy-induced hypertension. Although the du- 
ration of hospitalization before delivery did not emerge 
from the logistic regression model as a risk factor in- 
dependent of all of the other variables, further study 
of this variable is warranted because duration of hos- 
pitalization before surgery is a risk factor of postop- 
erative wound infection." This may be a result of the 
increased exposure to hospital flora or to the under- 
lying condition that requires longer hospitalization. 
We found cesarean section to be significantly asso- 
ciated with intraamniotic infection by both univariate 
and multivariate analysis (Tables II and III). However, 
because cesarean section occurred after infection, it was 
considered an outcome variable and not a risk factor 
of infection. Thus, in further analysis to identify risk 
factors, cesarean section was excluded from the model 
(Table IV). Although we observed a nearly fourfold 
increase in the cesarean section rate of patients with 
intraamniotic infection, other studies conflict with re- 
spect to the association of intraamniotic infection 


Table V. Bacteria isolated from amniotic fluid 
(n = 18) 


Number of 

Microorganisms isolates 
Aerobic bacteria 

Group B streptococci 

Staphylococcus, coagulase negative 

Escherichia coli 

Alpha streptococci 

Enterococci 

Neisseria gonorrhoeae 

Proteus mirabilis 

Gardnerella vaginalis 

Lactobacillus 

Diphtheroids 

Group D streptococci 


ent pet et et es NO OO OO HR OT 


Anaerobic bacteria 
Peptostreptococcus asaccharolyticus 
Peptostreptococcus anaerobius 
Bacteroides fragilis 
Fusobacterium symbiosum 


m pe et NO 


Genital mycoplasms 
Mycoplasma hominis 1 
Ureplasma urealyticum 2 


Total isolates 33 


Number of patients with >1 isolate = 9 (50%). 


with the need for abdominal delivery.'? It is unclear 
whether dysfunctional labor leads to intraamniotic in- 
fection and cesarean section or whether intraamniotic 
infection causes dysfunctional labor that leads to 
abdominal delivery. Further prospective studies are 
needed to determine the nature of this relationship. 
The bacterial species isolated from the amniotic fluid 
specimens of our patients are similar to those re- 
ported by others for patients with intraamniotic infec- 
tion."* Isolation of these bacterial species is consis- 
tent with the currently held theory that intraamniotic 
infection develops after bacteria normally found in the 
lower vagina and cervix ascend to the amniotic cavity." 
Controversy remains with regard to how these organ- 
isms gain access to the intrauterine cavity. Amniocen- 
tesis performed in patients with and without ruptured 
membranes has documented ascending spread of mi- 
croorganisms without the introduction of a foreign 
body. "= However, fetal scalp electrodes, internal 
pressure catheters, and vaginal examinations, especially 
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Table VI. Probability of intraamniotic 
infection developing in patients monitored 
internally with increasing numbers of vaginal 
examinations and increasing duration of 
rupture of membranes and total labor 








Risk factors 












Duration of 
ruptured 
membranes (hr) 





Probability 





2 5.25 6.0 0.03 
5 12.00 16.0 0.16 
6 16.00 21.0 0.32 
8 21.75 29.0 0.63 
13 88.00 29.0 0.95 





when performed repeatedly, may increase the inocu- 
lum of potentially pathogenic bacteria in the amniotic 
cavity and increase the risk of clinical infection. Our 
data suggest that this is indeed the case. 

In summary, we found a surprisingly high ‘rate of 
intraamniotic infection in our hospital. Although re- 
lated to the intrinsic risk factors, duration of labor, and 
ruptured membranes, this high rate also appears to be 
related to iatrogenic risk factors such as internal fetal 
monitoring and multiple vaginal examinations. To our 
knowledge, these parameters have never been exam- 
ined as possible risk factors of intraamniotic infection 
in prospective, comparative epidemiologic studies. Fur- 
ther study is necessary to clarify the role of these risk 
factors in the pathogenesis of intraamniotic infection. 
Infection control strategies can then be developed in 
an attempt to decrease our intraamniotic infection rate. 
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Discussion 


Dr. BILLy D. Burk, Rome, Georgia (Official Guest). 
There is confusion in the literature as to the definition 
of intraamniotic infection and as a result the true in- 
cidence is hard to discern. It has been reported to range 
from 0.5% to 1.75% and up to 10.5% at the Medical 
College of Virginia. The diagnosis is confirmed when 
bacteria or their breakdown products are demonstrated 
in the amniotic fluid. Cultures may be obtained by 
means of catheters or by amniocentesis guided by ul- 
trasonography. Rapid confirmation of the presence of 
organisms can be accomplished by gram stains or by 
gas-liquid chromatography. 

Before labor, bacteria are seldom found in the am- 
niotic fluid. Inhibitory factors in cervical mucus, pla- 
cental membranes, and amniotic fluid prevent entry of 
bacteria or their replication. When labor begins and the 
membranes rupture, bacteria ascend from the vagina 
into the amniotic cavity where they, by numbers or by 
their virulence, overcome the inhibitory factors and 
rapidly multiply. 

When the bacteria invade the decidua, the mem- 
branes, the placenta, and the fluid in quantity, infection 
and inflammation lead to maternal fever, maternal and 
fetal tachycardia, maternal leukocytosis, and foul- 
smelling amniotic fluid. 
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Dr. Soper has identified and applied statistical anal- 
ysis to incriminate: (1) the total length of labor, (2) 
duration of rupture of the membranes, (3) the number 
of vaginal examinations and, (4) the use of internal 
monitoring as risk factors for intraamniotic infections. 

I believe the true risk factors are the number and 
virulence of bacteria that are in the vagina and cervix 
when labor begins. The increasing and decreasing pres- 
sure caused by uterine contraction in labor acts as a 
pump to enhance the ascension of bacteria into the 
amniotic cavity. Vigorous vaginal examinations and the 
introduction of intraamniotic pressure catheters and 
scalp electrodes add to the inoculation of bacteria into 
the cavity. 

Intraamnictic infection becomes symptomatic whe 
10° colony forming units per milliliter of bacteria are 
present. The virulence or toxin production of the bac- 
teria determine the severity of the infection. 

Young nulliparous patients who had long labors, pro- 
longed rupture of the membranes, numierous vaginal 
examinations, and internal monitoring had a greater 
incidence of intraamniotic infection. The bacteria re- 
covered by culture confirmed the theory of ascending 
infection. Patients who had intraamniotic infection 
were more likely to require augmentation of labor and 
had a fourfold greater chance of delivery by cesarean 
section because of failure to progress in labor. 

I would like to ask Dr. Soper the following questions: 
(1) What is the induction and augmentation policy at 
the Medical College of Virginia? and (2) When the di- 
agnosis of intraamiiotic infection was made, were an- 
tibiotics begun? 

Dr. GENE BurKETT, Miami, Florida. I am a little 
confused by some of the data presented here as to 
whether infection preceded manipulatioris or resulted 
from manipulations. The author uses premature rup- 
ture of the membranes as part of his definition. Is not 
this study really a study of what happens when rupture 
of the membranes occurs? About 6 to 8 years ago 
Ledger showed that there is intraamnistic infection be- 
fore rupture of the membranes. I would ask the author 
to define this very clearly so that we can appreciate his 
point. , 

Dr. J. TERRELL Pore, Macon, Georgia. Were the 
membranes examined pathologically to determine 
whether there was evidence of infection or inflam- 
mation? . 

Dr: Hersert G. Hopwoop, Arlington, Virginia. I 
wonder whether Dr. Soper may have considered that 
he might be using the wrong stimulatory agent. Instead 
of oxytocin, perhaps he might have used prosta- 
glandins. 

Dr. ALLAN G. W. McLeon, Miami, Florida. A few 
years ago we had a problem with infection and we went 
back very bascially to some simple techniques. In the 
process of vaginal examination in labor, we sponged 
the vulva carefully with Betadine and used careful sep- 
aration of the labia before the insertion of the exam- 
ining fingers each time an examination was done. In- 
fection rate dropped dramatically. 
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Dr. jonn W. C. JoHNsON, Gainesville, Florida. I con- 
gratulate the authors on a beautifully designed and 
executed study. We have been interested in premature 
rupture of the membranes for a few years. One of the 
cofactors we found associated with increased intraam- 
niotic infection is gestational age, an inverse relation- 
ship. Would Dr. Soper comment on that? 

Dr. SorER (Closing). Thank you for your comments. 
The augmentation and induction policies at the Med- 
ical College of Virginia were similar to those used across 
the country; those patients with hypotonic dysfunc- 
tional labor were augmented with oxytocin. Indications 
for induction included patients at term with rup- 
tured membranes who were not in labor, post dates, 
and pregnancy-induced hypertension, We adminis- 
tered oxytocin, not prostaglandins, for augmentation 
and induction. When the diagnosis of intraamniotic 
infection was made, the studies that I mentioned were 
performed and antibiotics were started. A combination 
of ampicillin and gentamicin was administered at our 
institution. 

Dr. Burkett commented on infections that either pre- 
ceded manipulation or caused ruptured membranes. 
The great majority of patients in this study had no 
clinical indication of infection on admission. Subclini- 
cal intraamniotic infection may have played a role in 
premature rupture of the membranes and may have 
predisposed the patient to the development of clinical 
intraamniotic infection. Our study did not address this 
issue. It is important, however, to make the distinction 
between clinical intraamniotic infection, as defined in 
our study, and histologic chorioamnionitis, which may 
not be assoicated with intrapartum fever. We believe 
that clinical intraamniotic infection may be nosocomial 
in some cases. Patients admitted to the hospital at term 
with intact membranes who do not have a fever for at 
least 2 hours after admission but who later have clinical 
manifestations of infection may be categorized as hav- 
ing a nosocomial intraamniotic infection. Infections 
that occur after admission may be related to the iat- 
rogenic risk factors reported in this study. In this subset 
of patients some type of intervention may decrease the 
rate of intraamniotic infection. We have designed a new 
prospective study to further investigate potential risk 
factors for intraamniotic infection. About 60% of our 
patients with intraamniotic infection appear to have 
acquired it in the hospital. In our study, patients 
rarely became infected before they were instrumented. 
A second category would be those patients with a 
community-acquired intraamniotic infection. These 
are patients admitted to the hospital who already meet 
the criteria for the diagnosis of intraamniotic infection. 
These patients make up <10% of our patients with 
intraamniotic infection. Firially, a third category would 
encompass the rest of the patients who have intraam- 
niotic infection. The third category includes patients 
with premature rupture of the membranes or prema- 
ture delivery who are afebrile at the time of admission. 
In these cases the relationship between admission and 
infection is unknown, 
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In this study, we did not routinely evaluate the pla- 
centa pathologically. However, of those placentas ex- 
amined by our pathologists, 85% of the placentas from 
patients with intraamniotic infection showed histologic 
evidence of chorioamnionitis. 

In response to Dr. Johnson’s question with regard to 
gestational age, the majority of our patients with in- 
traamniotic infection were at term. We were concerned 
that patients in preterm labor would have a higher 
cumulative incidence of intraamniotic infection, but 
that was not the case. At the Medical College of Virginia 
the diagnosis of intraamniotic infection is a clinical en- 
tity predominantly seen in term pregnancies. 

Dr. McLeod commented that he studied the insti- 
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tution of ATT aseptic technique while performing 
vaginal examinations and found that intraamniotic in- 
fection rates were decreased. This information .would 
further strengthen our position that iatrogenic factors 
do play a role in the overall rate of intraamniotic in- 
fection. After we have completed our prospective study, 
we will use the data to develop preventive strategies. 

In conclusion, we were the first to look at overall 
intraamniotic infection rates prospectively. The cur- 
rently accepted rate of intraamniotic infection may be 
an underestimate of the true rate. Additional studies 
in similar. institutions need, to be. performed to deter- 
mine accurate rates of intraamniotic infection in var- 
ious obstetric populations. 





Short course of antibiotic therapy in treatment of 


postpartum endomyometritis 


Walter J. Morales, MD, PhD, Evan M. Collins, MD, jeno L. Angel, MD, and 


Robert A. Knuppel, MD, MPH 
Orlando, Florida 


To evaluate the safety sna Siac) of.an abbreviated course of antibiotic therapy it in postpartum = 
endomyometritis, 109 patients with endomyometritis were randomized to three study groups. All were 
treated with clindamycin and tobramycin until afebrility and Clinical signs of disease were absent. Patients 
in group | received antibiotics for =24 hours, group II received therapy for =48 hours, and group IH 
received antibiotic therapy for 248 hours that preceded a 7-day course of oral Augmentin. The groups 
were similar in size and in demographic and clinical parameters. Two patients from each: group required a 
third antibiotic, and no patient required rehospitalization. Group Ill required more days of antibiotic therapy 
than did group I, 2.9 versus 2.1 days (p < 0.01), and cost $412.00 more per patient. This data strongly 
suggest that a short course of antibiotic therapy is efficacious and safe and would result in substantial 


monetary savings. (Am J OssteT GYNECOL 1989;161:568-72.) 


Key words: Endomyometritis, short-course antibiotic therapy 


Postpartum endomyometritis remains the most com- 
mon infectious complication of the puerperium. Inci- 
dence varies depending on the study cited, but ranges 
from 20% to 38.5% of patients after cesarean section, 
and 1.2% to 2.5% of patients after vaginal delivery.'? 
Because of the polymicrobial nature of the infection, a 
combination antibiotic regimen of clindamycin and an 
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aminoglycoside has been accepted as‘standard therapy, 
and ‘its efficacy has been well documented in the lit- 
erature.*® 

Many studies have proposed various antibiotic regi- 
mens, but few have focused on-the proper duration of 
therapy. Many advocate the use of intravenous anti- 
biotics for a minimum of 48- hours of afebrility,”° 
whereas others recommend 7 to 10 days of oral anti- 
biotics on completion of parenteral therapy.” ® 1%? Re- 
cent studies have advocated 'the use of shorter courses 
of antibiotic therapy,’*"* but none has evaluated the 
efficacy. of clindamycin-aminoglycoside in an indigent 
population in a prospective randomized fashion. To 
evaluate the safety and efficacy of abbreviated courses 
of antibiotics, we studied a group of service patients 
with the diagnosis of postpartum endomyometritis. 
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Material and methods . 
The study was conducted at Tampa General Hos- 


pital’s postpartum unit from July 1987 through April . 


1988. Patients were enrclled in the study after they 
were assigned the diagnosis of postpartum endomyo- 
metritis. This diagnosis was established on the basis of 
a combination of clinical and laboratory findings that 
included the following: (1) febrile morbidity defined as 
temperature >100.4° F taken twice at least 6 hours 
apart, or an isolated temperature spike of 101° F that 


“excluded the first day postpartums (2) uterine tender- ' 


ness, (3) leukocytosis, and (4) absence of other foci of 
infection. Patients who had received prophylactic an- 
tibiotics were considered eligible for the study. A cath- 
eterized urine specimen with culture and sensitivity, a 
complete blood count with differential, and two sets of 
blood cultures (in antibiotic removal device bottles if 
prophylactic antibiotics had been administered) were 
obtained before initiation of therapy. All antipyretics 
were removed from the “standard postpartum orders” 
and were given only at the discretion of the house 
officer. . 
The antibiotic regimen consisted of intravenous ad- 
ministration of clindamycin 900 mg every 8 hours and 
tobramycin 95 to 140 mg loading dose, then adjusted 
to 80 to 120 mg every 8 hours based on lean body 
weight. Tobramycin dosages were adjusted based on 
serum peak and trough levels, which usually were eval- 
uated after the fifth dose. Tobramycin levels were also 
adjusted on the basis of serum creatinine levels, which 
were evaluated at the initiation of therapy and every 
other day therafter until discontinuation of therapy. 

_ Patients were excluded from the study protocol if 
they had a known allergy to either clindamycin or.to- 
bramycin. Other patients excluded were’ those being 
treated for any other infectious process, and those who 
had immunosuppressive disorders. Patients with bac- 
teremia before the initiation of therapy also were ex- 
cluded: from the final data analysis. Eligible patients 
were randomized to one of the three treatment regi- 
mens: (1) clindamycin-tobramycin for 24 hours of afe- 
brility and asymptomatic, (2). clindamycin- tobramycin 


a for 48 hours of afebrility and asymptomatic; (3) 
‘¢lindamycin- -tobramycin: for 48 hours of afebrility and 


asymptomatic, plus 7 days of oral Augmentin (Beecham 
Laboratories, Bristol, Tenn.). 

Therapy was considered to have failed in patients 
with temperature elevations =100.4° F 72 hours after 
initiation of therapy and in those who displayed per- 
sistent uterine tenderness. Thus a third antimicrobial 
agent, usually.a broad spectrum penicillin, was added 
to the antibiotic regimen. Therapy also was considered 
to have failed in instances in which sequelae of endo- 
myometritis (bacteremia, abscess, septic pelvic throm- 
bophlebitis) developed, and the treatment regimen was 
adjusted accordingly. 
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Table I. Conditions that resulted in exclusion 











Positive blood culture 3 3 

Allergic reaction l — — 

Urinary tract infection — —- 2 

Failure to adhere to protocol 2 3 : 
6 6 





*Clindamycin + tobramycin X at least 24 hours of afe- 
brility. 

Clindamycin + tobramycin x 48 hours of afebrility. 

{Clindamycin + tobramycin X 48 hours of afebrility + 
oral augmentin x 7 days. 


Successful: therapy was defined as a complete reso- 
lution of fever and symptoms at the completion of the 
specified therapy. If stable, patients were discharged 
after completion of therapy; and were instructed to 
monitor their temperatures at home and to call Tampa 
General Hospital because of temperatures =100.4° F 
or abdominal pain. Patients who underwent cesarean 
section were examined 2 weeks after discharge, and 
were evaluated for signs of persistent disease or se- 
quelae. 

The charts of patients; who underwent vaginal deliv- 
ery were reviewed for evidence of rehospitalization or 
emergency room visits. The data were analyzed with 
the x? test and $ value of $0.05 was considered, statis- 
tically significant. 


Results 4. «3 

During the period of study, 5317 deliveries were re- 
corded at ‘Tampa General ‘Hospital and, of these, $43 
(15. 8%) were delivered by cesarean section. Postpartum 
endomyometritis was diagnosed i in 128 (2:4%) of these 
deliveries with 81 (63%) of these infections diagnosed 
after cesarean section. A total of 128 patients with ‘the 
diagnosis of postpartum endomyometritis ‘were, ran- 
domized: to one of the three study groups; 19:of these 
patients were exchided from the analysis because of a 
variety of reasons (Table I). Of the remaining 109 pa- 


‘tients, 36, 36, and 37 were included i in study groups I, 


II,.and III, respectively. 

_ The demographic characteristics of the study groups 
are summarized in Table II, which demonstrates that 
no difference among the groups in terms of maternal 
age, parity, gestational age, length of labor, length of 
rupture of membranes, number of digital cervical ex- 
aminations after rupture of membranes, use of fetal 
scalp electrode, internal pressure catheter, and the fre- 
quency of meconium-stained fluid. The groups were 
also similar in terms of predelivery and postpartum 
hemoglobin, use of prophylactic antibiotics, type of an- 
esthetic agent, and incidence of cesarean section, as well 
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Table II. Demographic characteristics of study group 
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Age (yr)* 


Parity (mediari)* - 1.0: 
Gestational age (wk)* 38.6 + 3:7 
Labor (hr)* 77 £5.7 
Rupture of membranes* 11.8 + 6.9 
Cervical examination after rupture 3.8 + 4.3 
__of membianes* ` 
Fetal scalp électrodé n (%) 23 (64) 
Internal pressure catheter n (%) 19 (53) 
. Méconium-stained fluid n (%) 8 (22) 





- *Values are mean + SD. 


Table Ui. Delivery characteristics of'study group 


21.8°+ 5.1 24.6 + 4.6 NS 
„1,0 1.5 NS 
37.1 + 3.3 37.5 + 3.4 NS 
9.5 + 4.8 7.32 5.1 NS 
84+ 6.1 10.4 + 8.3 NS 
3.2 + 5.2 3.2 & 4.5 NS 
0 (56) 18 (49) NS 

16 (44) 12 (32) ‘NS 

7 (19) . 8 (22) . -© NS 























Predelivery hemoglobin* 118+ 11 
Postpartum hemoglobin* 9.6 + 1.0 
Prophylactic antibiotics, n (%) . 24 (67) 
Cesarean Section, n (%) 28 (78) 
Failure to Progress 13 
Breech 3 
Fetal Distress 4 
Repeat He f 8 


11.2 + 1.8 11.3 + 1.6 NS 
2 1.3 9.3 2 Ll NS 
19 (53) 23 (62) NS 
29 (81) 24 (65) NS 

14 9 
1A 5 
2 6 
6 4 





` *Values are mean + SD. 


as indications for abdoriiinal delivery (Table III). No 
difference was observed among the groups in terms of 
time from delivery to diagnosis of endomyometritis; 
maximum white blood cell count, and maximum tem- 
perature (Table IV). 

Although there was no difference among the three 
groups in terins of total postpartum hospital days, pa- 
tients from group I required statistically significatitly 
fewer days of antibiotic administration than did those 
from group III, 2.1 versus 2.9 days (p <.0.01). Two 
patients. from each group required the addition of a 
third antibiotic to achieve satisfactory resolution of the 
infectious process. Thus there was no difference among 
the three study groups in terms of success of therapy. 
One patient was readmitted with complaint of abdom- 
inal tenderness 2 weeks after discharge from the hos- 
pital. She was discharged without antibiotics after 24 
houts and did not have further complaint. Finally, with 
regard to antibiotic and hospital room costs, the average 
cost of patients from groups II and III was $233.35 
and $412.45 higher, respectively, compared with the 
average cost of patients from group I. 


Comment 
Postpartum endomyometritis continues to be a major 
cause of infectious morbidity in the obstetric patient. 


Caretul timing of amniotomy, limited vaginal exami- 
nations, and prophylactic antibiotics for cesarean sec- 
tion delivery may help to reduce the incidence and 
severity of postpartum endomyometritis. A number of 
antibiotic regimens have been studied with varying de- 
grees of success, but few clinical trials have addressed 
the proper duration of therapy. 

‘Three recent articles in the literature have advocated 
the use of shorter courses of antibiotics for postpartum 
endomyometritis. In 1986, Duff? recommended ces- 
sation of antibiotics after 24 to 48 hours of afebrility, 
although there was little in the literature to support 
such a recommendation. In 1987, Soper et al.,° with 
historic controls, demonstrated a favorable response to 
abbreviated therapy with clindamycin-gentamicin in a 
deperident military population. They agreed that the 
application of such therapy to an indigent population 
would need further investigation, and the limitations 
of such a control group are obvious. Cabbad et al." 
were successful in the treatrnent of a group of indigent 
patients with short courses of imipenem. The study is 
limited by not only the size of the study group (25), but 
also by the lack of a control group. 

The clindamycin-aminoglycoside regimen was cho- 
sen for the following reasons. It is the antibiotic regi- 
men that has been tested most extensively, with cure 
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Table IV. Comparative characteristics of endomyometritis of study groups 











1.7 + 0.9 


Time from delivery 
to diagnosis 
(days)* 

Maximum white 
blood cell count* 

Maximum temper- 
ature, (° F)* 

Administration of 
antibiotics 
(days)* 

Hospital days post- 
partum* 

Success, n (%) 

Readmission 0 


14.4 + 1.7 
101.6 + Ll 


21= 


p 

1.5 + 0.7 15 + 0.7 NS 

14.6 + 1.4 14.9 + 1.5 NS 

101.7 + 1.0 101.9 + 0.9 NS 
2.6 + 0.7 2.9 + 1.2ł p< 0.05 

5.6 + 1.7 58+ 18 NS 

34 (94) 34 (92) NS 

1 0 NS 





*Values are mean + SD. 











{Difference between groups I and III by Duncan’s multiple range test. 


rates quoted as high as 90% to 95%. Of the patients 
who received this antibiotic regimen, <0.5% had seri- 
ous complications of endomyometritis."° A commonly 
quoted disadvantage of aminoglycoside therapy is the 
need to monitor serum peak and trough levels. In our 
study, 17 of 36 patients in group I completed therapy 
by 1.7 days of intravenous administration of antibiotics 
and thus alleviated the need to monitor serum levels. 
The rapid elimination of aminoglycosides by the ob- 
stetric patient makes toxicity an infrequent complica- 
tion.'® Furthermore, Duff and associates,” and Blanco 
et al.'* in separate studies reported successful therapy 
with aminoglycosides in significant percentages of pa- 
tients despite “subtherapeutic” serum levels. 

One potential weakness in our study should be noted. 
No endometrial cultures were obtained before therapy 
to document infection with resistant or high-virulence 
organisms. Although these cultures may be helpful to 
test various antibiotic regimens in vitro, their reliability 
and practicality in the clinical management of patients 
with postpartum endomyometritis has been disputed." 

In this first prospective randomized study that uses 
short courses of clindamycin-tobramycin for postpar- 
tum endomyometritis, data suggest that the abbreviated 
regimen may be applicable to an indigent population. 
Patients in group I had shorter hospitalizations and 
fewer days of intravenous administration of antibiotics 
than did those in groups II and III. Of more impor- 
tance, no increase in morbidity was noted in those who 
received the abbreviated regimen. Data from this study 
strongly suggest that a short course of antibiotic therapy 
is both efficacious and safe, and would result in sub- 
stantial monetary savings to a busy obstetric service. 
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Discussion 


Dr. Rosert Bownben, Lynchburg, Virginia. I would 
like to know the timing of the determination of your 
leukocyte count inasmuch as you have exertional leu- 
kocytosis that may exist for 24 to 48 hours after deliv- 
ery. The second point is why did you choose the amino- 
glycoside rather than one of the more straightforward 
antibiotics in that early period? 

Dr. Guy Benrusi, Jacksonville, Florida. I want to 
thank Dr. Morales for something that sorely needs to 
be done. Was there any difference between the groups 
who had endomyometritis after cesarean section and 
those who had it after normal vaginal delivery, and were 
they identical in the three groups they were random- 
ized to in terms of total numbers? The other question 
is, did you determine whether the Augmentin was, in 
fact, taken by your patients? Augmentin is a very eme- 
togenic type of medication and I wonder how many of 
those patients did, in fact, take it? Finally, did your 
patients who underwent cesarean section have their 
placentas cultured at the time of cesarean section for 
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any particular reason? Do you have any information of 
what organisms were on the placenta when you were 
doing the study? 

Dr. WiLLiaM Mixson, Gables, Florida. I have not 
done obstetrics in many years, but it seems to me that 
an old basic concept was neglected here. A lot of times 
these patients just need drainage. An intrauterine cul- 
ture was not done and nothing was done to try to im- 
prove drainage in these patients. 

Dr. Moraes (Closing). Leukocytosis is a very minor 
criterion, and we did not require leukocytosis to be part 
of the diagnosis. This was obtained at a time of the 
diagnosis of endometritis, Why the aminoglycoside? We 
wanted to use what I consider to be the “gold standard” 
of therapy for endometritis. We now are conducting 
studies with single agents, but first I wanted to answer 
the question of duration; thus the use of the most ac- 
cepted antibiotic regimen—aminoglocoside and clin- 
damycin. In terms of the difference between the patient 
who had endometritis after vaginal delivery and cesar- 
ean section, they were essentially not different on the 
basis of the various parameters studied. In terms of 
whether the patients indeed took the Augmentin, I 
cannot assure you that they did. This is basically an 
indigent population. However, no patient enrolled in 
the study groups required readmission or evaluation 
in the emergency room because of sequelae of post- 
partum endomyometritis. 

At the time of diagnosis of endometritis, we try to get 
an endometrial scraping, but of course this was not 
done 100% of the time. I do have the information on 
the microbiology. We did culture a number of placentas. 
In terms of the drainage of the uterus with diagnosis of 
endometritis, I do not have sufficient experience with 
endometrial cavity drainage to answer this question. 
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Subsequent fertility in women who undergo cardiac surgery 
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A retrospective review was undertaken on all pediatric and reproductive-aged females who underwent 
cardiac surgery and required cardiopulmonary bypass from 1958 through 1986. The purpose of this study 
was to define the fertility of these patients after surgery and to compare their reproductive performance 
with that in the general population. Analysis was complete for 208 patients. These patients make up the 
following cardiac surgical categories: septal defect repairs, 92; commissurotomies, 60; valve replacements, 
46; tetralogy of Fallot repairs, 6; and coronary artery bypass procedures, 4. Of 208 patients, 68 (32.7%) 
attempted pregnancy after surgery. Infertility was defined in five women as follows: endometriosis, 3; 
ovulatory dysfunction, 1; unknown, 1. A total of 64 patients conceived 121 pregnancies with the following 
outcomes: live births, 98; spontaneous abortion, 9; ectopic pregnancy, 2; therapeutic abortion, 12. Our 
results suggest that infertility is not an apparent disorder after cardiac surgery and that subsequent 
pregnancy outcomes are similar to those in the general population. (AM J OBsTET GYNECOL 1989; 


161:573-6.) 


Key words: Reproductive performance, cardiac surgery, infertility 


Women with congenital and acquired heart disease 
are able to live healthier lives and to have improved 
reproductive outcomes because of advancements in 
cardiovascular surgical technique, refinements in pros- 
thetic valve design, and improvements in medical man- 
agement of cardiac disease throughout pregnancy. 
Several published reports detail pregnancy manage- 
ment and outcome after cardiac valve replacement sur- 
gery’? and other types of cardiac surgery.®* Additional 
articles, including a review by Bernal and Miralles,” 
contain information on the outcomes of gestations in 
patients who required cardiac surgery during preg- 
nancy," 

Information is lacking with regard to infertility as a 
possible disorder in women who have had cardiac sur- 
gery that required extracorporeal circulation. The pur- 
pose of this study was to tabulate the reproductive per- 
formance of women after cardiac surgery, including 
those who attempt pregnancy unsuccessfully. If infer- 
tility (defined as the couple’s perception of difficulty 
with conception) was identified, the specifics of the 
problem were defined as completely as possible. 
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Material and methods 


All cardiovascular-surgical procedures performed at 
the University of Virginia Health Sciences Center from 
1958 to 1986 were reviewed. A total of 470 pediatric- 
adolescent girls and reproductive-aged women <40 
years of age who underwent cardiac surgery that re- 
quired extracorporeal circulation were identified. The 
surgical procedures selected were atrial and ventricular 
septal defect repairs, valvular commissurotomies, val- 
vular replacements, coronary artery bypass, and te- 
tralogy of Fallot repairs. 

To be included in the analysis of this study, the pa- 
tient must have been 16 years of age by 1988 and must 
have had a minimum 2-year follow-up if surgery oc- 
curred during her reproductive years. Consequently, 
95 patients were eliminated secondary to the age re- 
striction and 23 were deleted from analysis because of 
lack of follow-up. Questionnaires were mailed to 181 
patients from whom additional information was re- 
quired. A total of 37 completed and returned the ques- 
tionnaires. Therefore, the sample population totaled 
208. 

Information extracted from hospital records and the 
questionnaire included the type of surgical procedure, 
the year of surgery, and reproductive performance be- 
fore and after surgery. The hospital record information 
was deemed adequate in 171 patients, and no ques- 
tionnaire was mailed. Reproductive performance in- 
cluded information with regard to pregnancy attempts 


_ before and after surgery and specific outcomes of all 


known pregnancies. If difficulty with conception after 
surgery was acknowledged, the specifics of this infer- 
tility diagnosis and management were solicited. 


573 


574 Nunley et al. 


Table I. Age distribution of 208 women at 
time of cardiac surgery 


Age (yr) No. of patients 


0-9 41 
10-14 17 
15-19 27 
20-24 27 
25-29 28 
30-34 33 
35-39 35 





Results 


From the original study population of 470 patients, 
information was judged to be adequate for analysis in 
208 patients. The age distribution of these individuals 
at the time of their cardiac surgery is listed in Table I. 
Table II details the different cardiac surgeries per- 
formed. Approximately 75% of these patients under- 
went operative procedures to repair septal defects or 
valves. The mean age of the patients who underwent 
septal defect repairs and commissurotomies was ap- 
proximately 10 years less than the mean age of those 
who underwent valve replacements. 


After cardiac surgery, 140 (67.3%) patients never at- ` 


tempted pregnancy; 16 underwent sterilization; and 68 
(32.7%) attempted pregnancy. Five (7.3%) patients ac- 
knowledged infertility and listed the following causes: 
endometriosis, 3; ovulatory dysfunction, 1; unknown, 
1. One of the three patients with endometriosis had 
three live births after management of her reproductive 
disease. Table III lists the outcomes of all known preg- 
nancies after cardiac surgery as well as conceptions per 
cardiac procedure. There were no maternal deaths. 

More conceptions occurred in patients after septal 
defect repairs than in those who underwent valve re- 
placements. The mean age of the former group was 
18.0 years, compared with 30.2 years in the latter 
group. Table IV details the relationship of conceptions 
to the cardiac procedure. 


Comment 


The incidence of cardiac disease in pregnancy is 1% 
to 4%. Because of improved medical management of 
the heart disease, many patients are able to be delivered 
of healthy infants without significant maternal morbid- 
ity. However, if maternal condition deteriorates signif- 
icantly, cardiac surgery that requires extracorporeal cir- 
culation can be performed during pregnancy with- 
out an increase in mortality different from that in 


nonpregnant women.’ Alterations that involve the - 


uteroplacental-fetal unit during this surgical procedure 
may include decrease in uterine blood flow.and fetal 
bradycardia with or without the onset of uterine con- 
tractions.'* ` 
However, the purpose of this article is not to detail 
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Table II. List of cardiac operations 




















No. of 
patients Mean age | Age range 
Procedure (%) (Qn) (yr) 





Septal defect 92 (44.2) 18.0 2-37 
repairs 
Atrial 73 
Ventricular 17 
Atrial and ven- 2 
tricular í 
Commissurotomies _ 60 (28.8) 22.4 0.16-39 
Mitral 37 
Pulmonary 14 
Aortic 9 
Valve replacements 46 (22.2) 30.2 16-38 
Mitral 27 
Aortic 14 
Mitral, aortic 5 N 
Tetralogy of Fallot 6 (2.9) 11.2 5-30 
Coronary artery by- 4 (1.9) 37.3 86-38 
pass grafting : 
TOTAL 208 (100) 





the management of pregnancy in women after cardiac 
surgery that required extracorporeal circulation. 
Rather, our intentis to provide information with regard 
to the reproductive performance of women who have 
previously undergone various types of cardiac surgical 
procedures with an emphasis on the incidence of in- 
fertility. Certainly with the physiologic changes, such 
as transient decrease in blood flow and hypothermia, 
succinctly described by Lake,” one might theorize a 
potential adverse effect on the neuroendocrine axis 
that could alter ovulatory status. To attempt to define 
any effect on ovulation would require serial investi- 
gations at different intervals after surgery, a task not 
done in this study. Only one patient with infertility 
described the need for ovulatory agents. 

Because of the nature of retrospective studies, we 
concede that it may be difficult to ascertain the absolute 
incidence of infertility in the population examined. The 
data suggest that infertility, with an incidence of 7.3%, 
is not an apparent disorder in women who undergo 
cardiac surgery that requires cardiopulmonary bypass. 
Mortensen and Ellsworth'® found in a series of 168 
patients in the childbearing age that 11% were “invo- 
luntarily sterile” before their cardiovascular surgery, 
whereas only 3.6% were “involuntarily sterile” post- 
operatively. 

Maternal age may be a factor that could influence 
the reproductive performance of patients included in 
this study. Several patients who previously underwent 
septal defect and tetralogy of Fallot repairs are still in 
their reproductive years. Conception may not be as 
important an issue to older patients who had under- 
gone valve replacement surgeries or coronary artery 
bypass grafting. Furthermore, the type of cardiac sur- 
gery may influence conception and embryo develop- 
ment because anticoagulation therapy would be rec- 
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Table III. Fertility of 208 patients after undergoing cardiac surgery 








No. patients (%) 
















Never attempted 
pregnancy 


Attempted 
pregnancy 





Procedure 





Infertility 


Reproductive outcome 


Spontaneous 
` Live births abortion Ectopic 





Therapeutic 
abortion 


Septal defect 55 (59.8) 37 (40.2) 3 (8.1) 55 4 2 6 
repairs 2 Endometriosis 
1 Unknown 
Commissurotomies 38 (63.3) 22 (36.7) 2 (9.1) 36 4 0 3 
: 1 Endometriosis 
1 Ovulation 
Valve replace- 40 (86.9) 6 (13.1) 0 2 1 0 3 
ments : 
Tetralogy of Fallot 3 (50) 3 (50) 0 5 0 0 0 
Coronary artery 4 (100) 0° 0 0 0 0 0 
bypass grafting 
68 (32.7) 5 (7.3) 


TOTAL : 140 (67.3) 


98 (89.9%) 99 (8.3%) 2 12 





ommended in those patients after valve replacements. 
The risks of such treatment to both mother and fetus 
have been reviewed by Ueland. More recently Deviri 
and colleagues’ reported more favorable pregnancy 
outcomes for those patients who had a valve replace- 
ment with porcine xenograft prosthesis (instead of a 
mechanical device) and were not treated with coumarin 
derivatives. 

The significance of the cardiac disease on decisions 
with regard to fertility is difficult to define in this study. 
Certainly many patients had improved quality of life 
after surgery but possibly not to the point of being 
comfortable with an attempt at pregnancy. Improved 
quality of life after heart transplantation has resulted 
in a vaginal delivery of a healthy female infant as re- 
ported by Lowenstein and colleagues.” Physician ad- 
vice to the patient with regard to attitude toward con- 
ception was not always apparent from chart review or 
from the questionnaire. 

The pregnancy outcomes detailed in Table III in- 
dicate that approximately 90% of pregnancies resulted 
in live births. Our data suggest that infertility is not an 
apparent disorder in women after cardiac surgery that 
required extracorporeal circulation. Furthermore, 
there is not an increase in pregnancy wastage postop- 
eratively in these patients compared with the general 
population. 


We express gratitude to Dr. Stanton Noland, head of 
cardiovascular surgery at the University of Virginia 
Health Sciences Center, for permission to review the 
cardiovascular operative records. Appreciation is given 
to Ms. Brenda Kennedy. for her assistance with the 
quesnonnaire: 
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Fertility after ectopic pregnancy 
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In the period July 1983 to March 1985, 264 women had surgery for ectopic pregnancy at Grady Memorial 
Hospital; 76 had postoperative hysterosalpingograms. Of these, 55 (76.4%) women were followed up for 3 
to 41 months (mean, 23. 8) to determine subsequent fertility. During the follow-up period, 30 pregnancies 
occurred among the 55 patients; 24 were intrauterine and 6 were repeat ectopic pregnancies. In the 
surgical group of 39 patients with salpingectomy, 60.8% of those desiring pregnancy achieved an 


intrauterine pregnancy. Of the 12 patients with salpingostomy, the three who desired pregnancy achieved 
it (100%). In the tubal abortion group, the two women desiring pregnancy conceived (100%). There were 
six repeat ectopic pregnancies (10.9%). Of the ectopic pregnancies, one occurred in the salpingectomy 
group (2.6%), four in the salpingostomy group (33.3%), and one in the tubal abortion group (25%). Five of 
the six ectopic gestations were found in the contralateral fallopian tube. Hysterosalpingographic evidence 


of contralateral tubal patency was a good prognostic Indicator for subsequent intrauterine pregnancy. By 
contrast, one half of study patients with findings suggesting tubal occlusion still achieved an intrauterine 


pregnancy. (Am J Osstét GYNECOL 1989;161:576-80.): 


Key words: Ectopic pregnancy, postoperative hysterosalpingograms, subsequent fertility 


The incidence of ectopic pregnancy has increased 
dramatically over the past decade, making this condi- 
tion an increasingly important individual and public 
health concern. At Grady Memorial Hospital, the ratio 
of ectopic pregnancies to live births in 1986 was 1:34. 
To better characterize factors associated with repro- 
ductive outcome after ectopic pregnancy in our patient 
population, we conducted a prospective study of 
women with surgical i cae ectopic pregnaricy 
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during the period 1983 to 1985. Previously we reported 
on the correlation between clinical characteristics of 
these women and postoperative hysterosalpingogra- 
phy.' In this article we detail the reproductive experi- 
ence of study participants through September 1986. 
We correlate clinical circumstances, including initial 
surgical procedure and postoperative hysterosalpin- 
gogram, with subsequent fertility. 


Material and methods 


This study was conducted over two time periods. The 
first involved the enrollment of all women who under- 
went tubal operation for an ectopic pregnancy at Grady 
Memorial Hospital between July 1, 1983, and March 
31, 1985. The methods for that portion of this study 
were described in detail elsewhere.' In brief, during 
the study period 264 women underwent operation for 
ectopic pregnancy. All women with ectopic pregnancy 
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Table I. Percentage and length of follow-up of women with ectopic pregnancy by surgical management 














Surgical management 
















Salpingectony 
(includes partial 
Follow-up salpingectomy) 
Total No. of pa- 52 
tients 
Patients with 39 (72%) 
follow-up 


Follow-up time (mo) 25 + 11.2 





were considered for conservative surgical manage- 
ment. Salpingectomy was performed only if more 
conservative options were not clinically feasible. For 
isthmic pregnancies, partial salpingectomy was per- 
formed. For ampullary pregnancies, linear salpingos- 
tomy was attempted when feasible. Although surgical 
procedures were performed by various surgeons, all 
used microsurgical techniques without magnification. 
Seventy-six (29%) of the 264 women underwent post- 
operative hysterosalpingography with water-based me- 
dium as closely as possible to the sixth postoperative 
week. 

In the second period of the study, the subsequent 
fertility of the 264 women with ectopic pregnancy was 
evaluated. After medical record review, all study par- 
ticipants who could be located were interviewed by tele- 
phone; no women refused interviews. Follow-up inter- 
views continued until September 1986. Information re- 
garding desire for pregnancy and occurrence of 
pregnancy was obtained during the interview. When 
pregnancy was reported, detailed information was ob- 
tained when available. In all cases when ectopic preg- 
nancy was reported, the occurrence was verified by re- 
view of the medical record. The length of follow-up 


- was established for each individual as the time from 


the initial surgery for ectopic pregnancy to the time of 
the telephone interview or the date of the last pertinent 
entry into the medical record. For ascertaining the in- 
terval from the previous ectopic pregnancy until a sub- 
sequent conception, a calculation was performed using 
the date of the original surgery for ectopic pregnancy 
and a presumed conception based on a 40-week term 
gestation, a 12-week spontaneous or therapeutic abor- 
tion, and a 6-week repeat ectopic pregnancy. 


Results 


Two hundred and sixty-four patients had surgery 
for ectopic pregnancy during the study period July 
1983 to March 1985. Seventy-six patients in the surgical 
groups evaluated had postoperative hysterosalpingo- 
grams. Fifty-two had salpingectomy (total and partial), 
13 had salpingostomy, and 5 had mechanical tubal 






Salpingcstomy Tubal abortion 
13 5 
12 (92%) 4 (80%) 
21.3 + 9.2 19.3 + 11.2 


abortion. Six women had other procedures. Fifty-five 
(76.4%) of these patients had follow-up longer than 3 
months. The follow-up time ranged from 3 to 41 
months (mean, 23.8 months). Follow-up times for the 
three operative groups were not significantly different: 
25.0, 21.3, and 19.3 months, respectively (Table I). The 
mean age of the patients was 23.4 years (25.2 years for 
women undergoing salpingectomy, 21.8 years for 
women undergoing salpingostomy, and 24.3 years for 
the tubal abortion group). The salpingostomy patients 
were significantly younger than the salpingectomy pa- 
tients (p'= 0.027). 

The mean parity of the study patients was 1.09. At 
the time of their initial ectopic pregnancy, 60% of the 
patients were parous as follows: 25 (64.1%) of the sal- 
pingectomy group, 6 (50%) of the salpingostomy 
group, and 4 (100%) of the mechanical tubal abortion 
group. 

A total of 209 women were lost to follow-up. To assess 
characteristics of these women in relation to our study 
population, we randomly sampled 80 of those who were 
lost to follow-up. The mean age of those women was 
25.7 years, which is comparable with a mean age of 
23.4 years for those women who have been followed 
up. The distribution of procedures for management of 
ectopic pregnancy was comparable between those 
women followed up and those lost to follow-up. Spe- 
cifically, in the former group 31% underwent salpin- 
gostomy and 52% had salpingectomy. In the latter 
group, 35% had salpingostomy and 59% had salpin- 
gectomy. 

‘During the follow-up period, 30 pregnancies oc- 
curred among the 55 patients. Twenty-four were in- 
trauterine pregnancies and six were repeat ectopic ges- 


‘ tations. Twenty-nine of the patients (52.7%) desired 


pregnancy. Of these, 20 patients (69%) achieved preg- 
nancy (19 pregnancies were intrauterine and 18 were 
delivered at term). Nine of the 29 women desiring preg- 
nancy (31.1%) have remained infertile. Ten patients 
who did not desire pregnancy became pregnant; five 
of the resultant ten pregnancies were intrauterine and 
five were ectopic (Table II). 
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Table II. Fertility status after previous ectopic pregnancy by desire for pregnancy 












Desire for pregnancy 


Pregnancy planned 20 (69%) 
(29 patients) 
Pregnancy unplanned 10 (39%) 


(26 patients) 





IUP, Intrauterine pregnancy. 





Pregnancy achieved 








Fertility status 











No pregnancy achieved 
9 (31%) 





16 (62%) 


(5 IUP, 5 ectopic) 











Table III. Subsequent fertility when pregnancy was desired after previous ectopic pregnancy by 


surgical management 








Salpingectomy 





Fertility status 
Total pregnancies 15 
Intrauterine pregnancies à 14 
Mean time to conception 12.2 + 7.4 
(mo) 





Surgical management 












Tubal abortion 
(n = 4) 


Salpingostomy 
(n = 12) 











3 2 
3 2 
8.3 + 3.0 10.7 + 4.5 





Table IV. Surgical findings among women with repeat ectopic pregnancy by previous surgical 


management and prior hysterosalpingographic findings 


Previous surgical 


Findings at surgery for 





management 


Left salpingectomy 
Left salpingostomy 
Left salpingostomy 
Right salpingostomy 
Left salpingostomy 
Left tubal abortion 


Bilateral patency 


To evaluate pregnancy potential, we performed a 
subgroup analysis on that group of women desiring 
pregnancy (excluding those not desiring pregnancy, 
most of whom intermittently used barrier contracep- 
tion). Among the 39 patients initially undergoing sal- 
pingectomy, 14 (60.8%) of the 23 women desiring preg- 
nancy achieved an intrauterine pregnancy. Of the 12 
patients who had. salpingostomy, three desired and 
achieved pregnancy (100%). Hysterosalpingographic 
findings indicated at least one patent tube in 28 of 39 
(71.8%) women in the salpingectomy group, 11 of 12 
(91.7%) in the salpingostomy group, and of the women 
in the tubal abortion group, the 2 women desiring preg- 
nancy conceived (100%) (Table II). 

Six of the 55 women who were followed up experi- 
enced a repeat ectopic pregnancy. One such pregnancy 
occurred in a woman who had salpingectomy and who 
desired pregnancy. The other five ectopic gestations 
occurred among women not desiring pregnancy. It is 
noteworthy that five of the six ectopic pregnancies were 
found in the contralateral fallopian tube (Table IV). 

` Patients who had an intrauterine pregnancy without 


Hysterosalpingographic 
findings 


Contralateral patency 


Contralateral patency 
Contralateral patency but located 
Contralateral patency 


Ipsilateral patency 


ectopic gestation 


Right? tubal pregnancy 
Right tubal pregnancy 
Right tubal pregnancy 
Left tubal pregnancy 
Left tubal pregnancy 


Right tubal pregnancy 





regard to desire for pregnancy (24) were compared 
with those unable to achieve a desired pregnancy (9), 
and those with repeat ectopic pregnancy (6) to deter- 
mine whether any important differences could be dis- 
cerned, The mean patient ages were not significantly 
different (24 + 3.7, 23.6 + 5.6, and 23 + 2.1 years, 
respectively, for the three groups). 

In each group similar numbers of women were par- 
ous: 16 (66%) of those with intrauterine pregnancies, 
6 (66%) of those not achieving pregnancy, and 5 (83%) 
of those with repeat ectopic pregnancy. Follow-up times 
for the groups were 25.6 months for the intrauterine 
pregnancy group, 28.4 months for the infertility group, 
and 22.5 months in the repeat ectopic pregnancy 
group. The repeat ectopic pregnancy patients had sig- 
nificantly shorter follow-up time (p = 0.31). 

Hysterosalpingographic patency was different for 
the pregnancy outcome groups. Patients with an intra- 
uterine pregnancy had 83.4% patency. Those who did 
not become pregnant but desired pregnancy had 55% 
patency, and patients with repeat ectopic pregnancies 
had 100% patency. Intrauterine contraceptive device 
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Table V. Fertility status of women with prior ectopic pregnancies of history of intrauterine contraceptive 


device use and history of pelvic inflammatory disease 















Intrauterine pregnancy 
((n = 24) 


IUD use 3 (13%) 
PID 8 (33%) 
Both 5 (21%) 
Neither 8 (33%) 
Unknown 1 (.5%) 


Fertility status 





Not pregnant but 
desiring pregnancy 
(n = 9) 


Repeat ectopic 


pregnancy 
(n = 6) 








1 (11%) = 
2 (22%) 2 (33%) 
2 (22%) = 
3 (33%) 4 (67%) 
1 (11%) = 





IUD, Intrauterine contraceptive device; PID, pelvic inflammatory disease. 


Table VI. Fertility status of women with prior ectopic pregnancies by previous surgical management 











Previous surgical 
management 


Intrauterine pregnancy 
(n = 32) 





Salpingectomy 18 (75%) 
Salpingostomy 4 (17%) 
Tubal abortion 2( 8%) 


Table VII. Fertility status after prior ectopic pregnancy by hysterosalpingographic findings 









Fertility status 





Intrauterine pregnancy 
achieved whether or 







Not pregnant but 
desiring pregnancy 
(n = 9) 


Repeas ectopic 


pregnancy 
(n = 6) 








9 (100%) 1 (17%) 
“0 4 (66%) 
0 1 (17%) 





No pregnancy achieved 
when pregnancy 





not planned i desired 
Hysterosalpingogram 20 (83%) 5 (55%) 
patent 
Hysterosalpingogram 4 (17%) 4 (45%) 
nonpatent 
Total 24 (100%) 9 (100%) 


use and pelvic inflammatory disease history was not 
significantly different for the three groups (Table V). 
However, there was a difference noted by type of sur- 
gical procedure performed (Table VI). All -of the 
women not pregnant but desiring pregnancy during 
the follow-up period had salpingectomy. Those women 
experiencing ectopic pregnancy were most likely to 
have had salpingostomies. 

We evaluated the usefulness of hysterosalpingogra- 
phy in predicting fertility status in the 33 patients who 
achieved an intrauterine pregnancy or were desirous 
of a pregnancy (Table VII). Of the 25 women with a 
patent hysterosalpingogram, 20 (80%) achieved an in- 
trauterine pregnancy. Of the eight patients with non- 
patent hysterosalpingographies, four (50%) become 
pregnant. Although patency is a good prognostic in- 
dicator of ability to conceive, nonpatency is not nec- 
essarily a predictor of poor outcome. Of the women 
not pregnant but desiring pregnancy in the following 
period, five (55.5%) had patency. 





Comment 


Our findings suggest that most women desiring preg- 
nancy after previous ectopic gestations can achieve an 
intrauterine pregnancy within a short time interval re- 
gardless of initial surgical management. 

A substantial percentage (38.6%) of women who did 
not plan pregnancy nevertheless became pregnant. Of 
those women, a relatively higher percentage (50%) had 
ectopic gestations. A total of six (10.9%) repeat ectopic 
pregnancies were experienced by our 55 study patients. 
Other reports have identified comparable rates of 6% 
to 27%." 

Women desiring but unable to achieve pregnancy 
were more likely to have undergone salpingectomy, but 
those who were experiencing repeat ectopic pregnancy 
were more likely to have undergone salpingostomy. 
These findings suggest that salpingostomy is associated 
with an increased risk of subsequent ectopic pregnancy. 
Three of 12 women in our series who had salpingos- 
tomy desired and achieved an intrauterine pregnancy. 
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However, four of the nine women not desiring preg- 
nancy experineced ectopic gestations. Only one of these 
had bilateral patency on postoperative hysterosalpin- 
gography. Three had contralateral patency; two of 
these patients and one with bilateral patency had their 
ectopic gestations in the contralateral tube. Whether 
linear salpingostomy on one tube might increase the 
risk of ectopic pregnancy in the contralateral tube must 
therefore be questioned. All in our series who under- 


went salpingostomy had unruptured ampullary preg- ` 


nancy. By contrast, women with salpingectomy had isth- 
mic or ruptured ampullary pregnancies. Although we 
are not aware of any plausible mechanism to provide 
a unifying hypothesis, it is possible that some deter- 
minant of the indications for salpingostomy is associ- 
ated with an increased risk of ectopic pregnancy in the 
contralateral tube. Alternatively, salpingostomy itself 
might somehow result in increased risk in the contra- 
lateral tube. Possible mechanisms include operative site 
hemorrhage or postoperative adhesions. 

One of the objectives of our study was to determine 
the usefulness of postoperative hysterosalpingography 
in predicting subsequent fertility potential. Contralat- 
eral tubal patency demonstrated by hysterosalpingog- 
raphy appears to be a good prognostic indicator for 
achieving intrauterine pregnancy. Approximately 80% 
of women with tubal patency on hysterosalpingography 
achieved an intrauterine pregnancy; in a report by 
DeCherney et al.,? 50% of patients did achieve intra- 
uterine pregnancy. By contrast, in our study one half 
of those with findings of nonpatency still achieved an 
intrauterine pregnancy. Whether this difference is a 
result of tubal spasm, technique, or other factors re- 
quires additional investigation. 

Our findings may not be generalizable to all women 
experiencing ectopic gestations. The 264 women ini- 
tially enrolled in our follow-up investigation were pri- 
marily indigent, urban residents, many of whom were 
transient residents and most of whom were black. How- 
ever, we do have some confidence that our findings are 
generalizable to the Grady Hospital population. Al- 
though only 76 women returned for postoperative hys- 
terosalpingographies as advised, motivation, (as op- 
posed to other selection factors), appears to be reason- 
able. We have no indication of important selection 
biases. Furthermore, we were able to follow up 75% of 
these women by telephone. Those we did not interview 
could not be located; no woman refused the interview. 
The lack of apparent bias in selection of those followed 
up gives us further confidence in generalizing our find- 
ings to the Grady Hospital population. Further studies 
elsewhere should determine whether findings in our 
population are generalizable to other racial and socio- 
economic groups. 
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Discussion 


Dr. WALLACE NUNLEY, Charlottesville, Virginia. 
Your findings were similar to those that we reported 
last year regarding the higher repeat ectopic rate in the 
salpingotomy patients versus those with salpingectomy. 
Although the numbers were small, do you have addi- 
tional information about the repeat ectopic pregnancy 
rate in those patients who had conservative tubal sur- 
gery on the sole remaining tube? When you said that 
the hysterosalpingography revealed nonpatent tubes 
and that there was a 16% intrauterine pregnancy rate, 
I assume that we are discussing complete nonfilling of 
the tube as opposed to a distal obstruction. 

Dr. H. OLIVER WILLIAMSON, Charleston, South Car- 
olina. Did you reexamine the hysterosalpingograms for 
salpingitis isthmica nodosa on those patients who had 
ectopic pregnancies? 

Dr. MrrcHeELy (Closing). Dr. Nunley, most of the 
obstructions were distal occlusions. In reviewing the 
hysterosalpingograms, if we did find a cornual occlu- 
sion, it might have been caused by spasm or technique, 
and we could not really ascertain this since we had 
different individuals performing the hysterosalpingog- 
raphy. We could not verify one specific reason for our 
good pregnancy rate. We cannot tell the patient that 
sheis not going to achieve a pregnancy, and we have 
been advising patients of that information. I really do 
not have an answer for your other question. 

Dr. Williamson, we did attempt to restudy the hys- 
terosalpingograms. We found that the patients who had 
salpingectomies and then had a repeat ectopic preg- 
nancy primarily cornual ectopic pregnancies correlat- 
ing with the diagnosis of salpingitis isthmica nodosa. 
Essentially, the majority of those who had salpingec- 
tomies had cornual occlusion, and the repeat ectopic 
pregnancies in that particular group were interstitial 
ectopic pregnancies. 


Effects of clomiphene citrate on episodic luteinizing hormone 
secretion throughout the menstrual cycle 
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Pituitary luteinizing hormone secretory dynamics (pulse frequency and amplitude) were evaluated in eight 
normal women administered clomiphene citrate or placebo. After 5 days of treatment clomiphene citrate 
was found to increase mean luteinizing hormone secretion by increasing the amount of pituitary luteinizing 
hormone released per pulse. No change in pituitary luteinizing hormone interpulse interval was found in 
the follicular phase of the cycle, although a faster pulse frequency in the luteal phase was found after 
clomiphene citrate when compared with placebo. No differences were found in the luteal phase (pulse 
frequency, amplitude, and mean luteinizing hormone level) after clomiphene citrate versus placebo in the 
volunteers. These data suggest that the principal mechanism of action of clomiphene citrate is an increase 
in the concentration of hypothalamic gonadotropin releasing hormone into the hypothalamic-pituitary portal 
circulation, with a resultant increase in pituitary luteinizing hormone secretion. (AM J OBSTET GYNECOL 


1989;161:581-92.) 


Key words: Clomiphene citrate, pituitary luteinizing hormone secretion, normal women 


Clomiphene citrate, an antiestrogen, has been used 
extensively to initiate follicular development in ano- 
vulatory women. The principal mechanism of action 
appears to be via the hypothalamic-pituitary axis re- 
sulting in an increase in serum follicle-stimulating hor- 
mone (FSH) and luteinizing hormone (LH) levels.' Re- 
cent evidence suggests that clomiphene citrate increases 
the frequency of episodic pituitary LH secretion in nor- 
mal women.’ An alteration in pituitary LH pulse fre- 
quency implies a hypothalamic site of action of clomi- 
phene citrate. 

The use of clomiphene citrate in the treatment of 
anovulatory infertility and/or luteal phase deficiency 
has been shown to result in the persistence or occur- 
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rence of luteal phase deficiency.’ The administration 
of clomiphene citrate in large doses (200 mg/day for 
5 days) also has been associated with a short luteal phase 
in normal women.‘ An increase in the follicular phase 
pituitary LH pulse frequency has been described in 
women with histologic evidence of luteal phase defi- 
ciency.° 

The current study was undertaken because of the 
potential relationship between clomiphene citrate ad- 
ministration, an increase in pituitary LH pulse fre- 
quency, and the occurrence of luteal phase deficiency. 
The study design was to determine pituitary LH epi- 
sodic release in the follicular and luteal phases of 
normal women who were administered clomiphene 
citrate. Any alterations in the parameters of pituitary 
LH episodic release would then be correlated with 
histologic and hormonal evidence of luteal phase 
deficiency. 


Material and methods 


Volunteers. Eight female volunteers who were be- 
tween the ages of 18 and 35 and had regular cyclic 
menstrual bleeding episodes were asked to volunteer 
for this study. The protocol and informed consent had 
been approved by the Institutional Review Board of 
Eastern Virginia Medical School. A written informed 
consent was obtained from each volunteer before en- 
rollment in the study. None of the women had used 
any exogenous steroid in the preceding 3 months. None 
of the volunteers had any evidence of gynecologic prob- 
lems by history or physical examination, and they were 
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Table I. Demographic information and menstrual cycle lengths in days in volunteers who were 
administered either placebo or clomiphene citrate 100 mg/day 








Menstrual interval 
















Volunteer 
No. 


Before 
treatment 





l 35 2 2 28-32 
2 28 0 0 31 
3 24 I 0 28-30 
4 30 l 1 28 
5 30 3 3 28 
6 25 2 2 A 29 
7 (Dropped out after one cycle) 

8 26 0 28-30 
9 26 0 0 








Placebo 





Clomiphene citrate 








Folticular* 
















Lutealt Follicular Total 


15 27 14 12 26 
14 27 15 15 30 
10 23 21 15 36 
14 26 14 15 29 
12 26 14 11 25 
14 24 14 15 29 
14 30 15 13 28 
14 31 15 14 29 








*Follicular interval is the number of days from onset on menstruation to the urinary LH surge. 
tLuteal interval is the number of days from a urinary LH surge until the onset of the next bleeding episode. 
Total is the number of days from onset of menstruation to onset of next menses. 


all in good health. Their demographic backgrounds 
and menstrual cycle data are given in Table I. 

Study design and medication schedule. The study 
design was a double-blind randomized administration 
of clomiphene citrate (50 mg twice a day) versus placebo 

- (one tablet twice a day) taken orally for 5 days beginning 
on day 5 after the onset of menstruation. The oral 
medication, both clomiphene citrate and placebo, was 
supplied by a registered pharmacist from a local phar- 
macy to the Clinical Research Coordinator in similar 
packages in a random order. The composition of each 
package was blinded to the study coordinator and the 
other investigators. Each volunteer, on entering the 
study, was assigned a sequential number that was re- 
lated to the medication dispensed. Each volunteer was 
administered a course of medication in one menstrual 
cycle, then was not treated in the next menstrual cycle. 
In the third cycle the alternate medication was used. 

Throughout each investigative cycle, a basal body 
temperature recording was performed. The midcycle 
urinary LH surge was determined by assessing morning 
urine specimens from menstrual days 12 to 18 with a 
commercial kit (Ovustik, Monoclonal Antibodies, Inc., 
Mountain View, Calif). Daily blood samples were ob- 
tained from menstrual day 5 to the onset of the next 
menstrual bleeding episode in all volunteers. 

The volunteers were randomized into either the fol- 
licular or the luteal phase investigation of episodic LH 
secretion at the time of their entry into the study. Four 
of the volunteers were evaluated on the last day of 
medication administration (day 9 of the cycle) in each 
treatment cycle. The other four volunteers were eval- 
uated on day 10 after a urinary LH surge in the luteal 
phase of the two treatment cycles. 

All volunteers underwent an endometrial biopsy on 


day +11 after the urinary LH surge in both treatment 
cycles. 
Sampling schedule for the assessment of episodic 


_ LH secretion. Each volunteer was admitted to the Sleep 


Disorders Center of Sentara Norfolk General Hospital 
at 6 pM on the selected menstrual cycle day on the basis 
of her group assignment. An indwelling intravenous 
catheter was inserted into an arm vein and the patency 
was maintained with a slow infusion of normal saline 
solution containing 10,000 IU of heparin per 1000 ml 
of fluid. An extension catheter that was led through a 
wall porthole allowed sampling to take place from an 
adjacent room without disturbing the volunteers’ sleep. 
Peripheral venous samples were obtained every 10 min- 
utes for 12 hours from each volunteer. Each blood sam- 
ple was allowed to clot at room temperature; then se- 
rum was collected by centrifugation and stored at 
~ 20° C until analyzed. 

Evaluation of the menstrual cycle. Daily peripheral 
venous blood samples were obtained from each vol- 
unteer from day 5 of menstruation until the onset of 
the next menstrual period in each treatment cycle for 
analysis of 178-estradiol, progesterone, and LH. Each 
blood sample was handled as described above. 

During the treatment cycles each volunteer collected 
a morning urine specimen beginning on day 12 of the 


-menstrual cycle; this specimen was tested at home for 


LH with the Ovustik LH test kit. This procedure was 
performed until the LH surge was demonstrated or 
day 20 was reached. 

Each volunteer also underwent. an endometrial bi- 
opsy on day 11 after the identified urinary LH surge. 
The endometrial tissue obtained was examined histo- 
logically and a date assigned according to published 
criteria.® 


do 


Volume 161 
Number 3 


Clomiphene effect on episodic LH secretion 583 


Table II. Pituitary LH secretory dynamics during a 12-hour sampling interval in normal women receiving 


a placebo or clomiphene citrate 100 mg/day for 5 days 














Mean LH (ng/ml) Mean amplitude of pulses (ng/ml) Mean interpeak interval 
Volunteer No. Placebo citrate Placebo citrate Placebo citrate 

Follicular phase ` E i o l i 

4 14.77 + 2.09 18.79 + 7.14 3.44 + 1.74 10.68 + 4.63 33.68 + 11.65 33.89 + 18.19 

5 22.42 + 4.32 19.55 + 6.14 6.66 + 2.65 9.37 + 5.32 39.44 + 14.74 41.81 + 19.65 

6 14.80 + 1.77 41.03 + 9.83 2.84 + 1.28 14.41 + 9.77 30.87 + 13.45 44.67 + 77.48 

9 18.50 + 6.38 30.94 + 7.76 9.63 + 5.76 11.03 + 6.07 45.33 + 21.00 41.76 + 22.70 
Mean 19.37 + 5.31 31.11 + 12.13% 5.28 £403 11.27 + 3.22% 36.53 + 15.81' 40.15 + 21.91 
Luteal phase a 

l 7.77 £2.77 5.87 + 2.86 3.69 + 5.22 2.99 + 2.76 88.57 + 75.15 36.84 + 18.87 

2 4.22 + 1.93 7.19 + 2.15 2.55 + 2.93 3.11 + 1.85 65.56 + 49.02 33.68 + 14.61 

3 5.77 + 3.08 9.90 £ 2.55 3.65 + 3.52 3.73 + 2.35 34.50 + 13.95 37.78 + 13.09 

8 16.59 + 9.69 9.87 + 2.79 7.57 + 10.74 3.06 + 2.93 45.33 + 32.04 40.59 + 18.09 
Mean ' 10.50 + 8.26° 9.23 + 3.27: 4.59 + 6.73" 3.22 + 2.46 50.58 + 42.16 37.12 + 16. 20 








Multiple venous sampling was “performed on day 9 to day 10 of the cycle and day +10 to+11 after a urinary LH rise between 


6 PM and 7 AM. 


Superscripts represent differences between means (a b, c, d, e, p = 0.0001; f, p = 0.02). 


Estimation of 17B-estradiol, progesterone, and LH. 
Peripheral levels of 17B-estradiol, ` progesterone, and 
LH were assessed with commercially available radio: 
immunoassay kits. Serum 178-estradiol levels were de- 
termined with a kit obtained from Radioassay Systems 
Laboratory (Carson, Calif. ); the within- -assay coefficient 
of variation was 11% and the between-assay variation 
was 7%. Progesterone was estimated with a radioim- 
munoassay kit from Diagnostic Products, Inc. (Los An- 
geles). The- within-assay coefficient of variation was 
12.5%, 10. 0%, and 6. 7%, respectively, for low, mid, and 
high controls, while the between-assay coefficient of 
variation was 17%, 13.5%, and 7.0% for low, mid, and 
high controls. Serum LH was determined with a kit 
from Leeco Co. (Southfield, Mich. ); the within-assay 
coefficient of variation was 17.7% and 9. 8% for the low 
and high controls, and the between-assay coefficient of 
variation was 29.4% and 17. 7%, peapecuvely, for low 
and high controls. 

Evaluation of episodic LH secretion. Episodic re- 
lease of LH was evaluated with the program PULSAR, 
edition 1983.1 of Merriam and Wachter,’ as modified 
for the IBM-PC by Gitzen and Ramirez.* We modified 
the program as described by Mais'et al.° by determining 
the coefficient of variation at different dose levels of 
LH and defined an LH pulse as an increment in LH 
concentration exceeding the preceding nadir value by 
3.8 times the coefficient of variation. 

- Statistical analysis. The parameters of the episodic 
pituitary LH secretion were compared between placebo 
and clomiphene citrate—treated cycles in both the fol- 
licular and the luteal phases. An analysis of variance 
was used to determine if there were any ‘significant 
interactions. When significant interactions were found 


with the analysis of variance, this was followed with 
Student’s ¢ test for significant differences. These com- 
putations were performed with the SAS program un- 
der the general linear model on a VAX/ VMS computer. 
A’paired analysis was performed on the daily serum 
17B-estradiol, progesterone, and LH levels with STAT 
Graphics statistical softwaré (Statistical Graphics Cor- 
poraa Beule Md. )-on an IBM-PC. 


Results 

Episodic pituitary LH release 

Effects of clomiphene citrate 

FOLLICULAR PHASE. Mean peripheral LH levels on 
the fifth day of active therapy (day 9 to 10 of the cycle) 
during the 12-hour sampling interval were significantly 
increased during the administration of clomiphene ci- 
trate compared with placebo (p = 0.0001) (see Table 
Il, Fig. 1, A). The mean amplitude of each identified 
LH pulse was statistically increased during clomi- 
phene citrate administration compared with placebo 
($ = 0.0001, Table II, Fig. 1, A). The frequency of the 
pituitary LH pulse(s) was expressed as the interpeak 
interyal and was not significantly different between pla- 
cebo and clomiphene citrate (36 vs. 40 minutes, re- 
spectively, Table IJ). There was no significant differ- 
ence in the- duration of the identified LH peaks with 
either treatment (data not shown). 

LUTEAL PHASE., Mean LH levels on luteal days +10 
to’ + 11 after the identified urinary LH rise during the 
12-hour sampling interval were not significantly dif- 
ferent between the placebo and clomiphene citrate— 
treated cycles (see Table II, Fig. 1, B). There was no 
difference in the amplitude of the identified LH peaks 
in the luteal investigation with either treatment (see 
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Fig. 1. A, Mean LH levels and mean pulse amplitude of iden- 
tified peaks in normal women receiving placebo or clomiphene 


Pulse Amp 


Mean LH 


citrate'100 mg/day from day 5 to day 9 of menstrual cycle. - 


See text for details of sampling, which was performed in the 
follicular phase (day 9) of the cycle. B, Mean serum LH levels 
and mean pulse amplitude of identified LH peak in notmal 
women while receiving either a placebo or clomiphene citrate 
100 mg/day from day 5 to day 9 of cycle. These values were 
obtained on luteal day +10 after urinary LH rise. See text 
for details of sampling. ` 


Table II, Fig. 1, B). The interpeak interval was shorter 
in the volunteers who had received clomiphene citrate 
(37 minutes) compared with placebo'(50 minutes) dur- 
ing the luteal phase sampling (Table II, p = 0.03). 

` A comparison of the mean LH levels between the 
follicular and luteal phases was performed for both 
placebo and clomiphene’ citrate. The mean LH levels 
were significantly higher in the follicular phase than in 
the luteal phase for both placebo (19.37 vs. 10.50 
ng/ml; p = 0.0001) and clomiphene citrate (31.11 vs. 
9.23 ng/ml; p = 0.0001) (see Table I, Fig. 2). This 
finding was associated with a decreased LH peak am- 
plitude only in the clomiphene citrate volunteers in the 
luteal phase (p = 0.0001) compared with the follicular 
phase (Table II, Fig. 2, B), whereas there was no dif- 
ference in pulse amplitude between follicular and luteal 
phases of the placebo cycle (Table II, Fig. 2, A). The 
interpeak intervals were significantly different between 
follicular and luteal phases in the placebo treatment 
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Fig. 2. A, Comparison of mean LH levels and pulse amplitude 
between follicular day 9 and luteal day + 10 after the LH rise 
in normal women while receiving placebo from days 5 to 9 of 
menstrual cycle. 'B, Comparison of mean LH amplitude of 
identified LH pulses‘ between follicular and luteal phases 
of women who were administered clomiphene citrate 100 
mg/day between days 5 and 9 of menstrual cycle. 


‘Pulse Amp 
NS 


groups. There was no difference in the interpeak in- 
terval in the clomiphene citrate volunteers between the 
follicular and luteal phases. There was a significant dif- 
ference in the interpeak interval in the clomiphene ci- 
trate group (37 minutes) compared with the placebo 
group (50 minutes) during the luteal phase (p = 0.02, 
Table II). i , 

Menstrual cycle hormonal changes. Each volunteer had 
daily blood samples drawn beginning on day 5 of the 
cycle and procéeding until the onset of the next men- 
strual bleeding episode. These serum samples were an- 
alyzed for 17-estradiol, progesterone, and LH. The 
identified midcycle serum LH peak was used as the 
reference point for comparison of the steroid hor- 
mone levels in both follicular and luteal phases in all 
volunteers. The daily serum LH levels were signif- 
icantly increased during clomiphene citrate administra- 
tion compared with placebo in all of the volunteers 
(p = 1 x 10°, Fig. 3). The height of the LH midcycle 
peak between placebo and clomiphene citrate cycles was 
not statistically different (see Fig. 4, A). Clomiphene 
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Fig. 3. Serum LH (nanograms per milliliter) levels during 5 days of treatment, placebo or clomiphene 
citrate 100 ml/day, and the day after medication was stopped. 
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Fig. 4. A, Daily serum LH (nanograms per milliliter) levels from day 2 of cycle in women who 
received either placebo or clomiphene citrate 100 mg/day from days 5 to 9 of menstrual cycle. Data 
have been normalized to LH peak. B, Daily serum 17$-estradiol (picograms per milliliter) levels in 
normal volunteers, who took either placebo or clomiphene citrate 100 mg/day from days 5 to 9 of 
cycle. All values have been normalized to day of serum LH surge (day 0). C, Daily serum progesterone 
(P) (ng/ml) levels in normal volunteers who took either placebo or clomiphene citrate 100 mg/day 
from day 5 to 9 of cycle. All values have been normalized to day of serum LH surge (day 0). 
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citrate administration also significantly increased the 
mean 178-estradiol levels from day —8 until the LH 
peak, when compared with the placebo treatment (see 
Fig. 4, B). A paired analysis of these data demonstrated 
a statistically significant difference in thé follicular 
phase (p < 1 x 1077) and luteal phase (p <2 x 107%, 
Fig. 4, B). Because there were occasional missing däta 
points in one cycle of a volunteer; on comparison with 
her second cycle, the area under the curve for 178- 
estradiol was then estimated by the trapezoidal method. 
When this estimate was performed, the area under the 
178-estradiol curve for clomiphene citrate was still sig- 
nificantly greater than placebo (p = 0.02): Serum pro- 
gesterone levels were also markedly elevated during the 
luteal phase in the clomiphene citrate volunteers com- 
pared with placebo (p < 1 x 1077) (see Fig. 4, C). 

Menstrual cycle length and luteal phase adequacy. There 
were no significant changes in. the menstrual cycle in- 
terval in the volunteers during the placebo or clomi- 
phene citrate administration (Table I). All volunteers 
had cycle intervals of 27 to 31 days before treatment. 
During treatment, one volunteer had a menstrual in- 
terval of 36 days while receiving clomiphene citrate; 
this was secondary to a prolonged follicular phase 
(Table I). None of the other volunteers had any evi- 
dence. of follicular phase dysfunction. There was no 
discernible difference.in the length of the luteal phase 
(LH urinary rise to mensés) in: any of the volunteers 
with either treatment (Table I), The cycle day of the 
serum and urinary LH rise was not different between 
the two treatments although the standard deviation of 
the mean interval from ‘onset of menses to peak LH 
. levels was three times larger in the placebo group than 
in the clomiphene citrate group (data not shown).. 

Histologic examination of endometrial biopsy spec- 
imens obtained in both the placébo and clomiphene 
citrate treatment cycles on the morning of day +11 
after the urinary LH rise were assigned dates according 
to previously reported criteria.° All biopsy specimens 
were read as day 22 to 25 of the cyclé. There was no 
histologic evidence of luteal phase deficiency in any of 
these biopsy specimens. 


Comment 


This study has found that there is a significant in- 
crease in pituitary LH secretion in women who are 
taking clomiphene citrate between days 5 and 9 of the 
follicular phase of the menstrual cycle. These data are 
in agreement with other reports that the mode of action 
of clomiphene citrate in stimulating the initiation of 
folliculogenesis i is via a hypothalamic-pituitary mecha- 
nism, which results in an increased gonadotropin se- 
crétion.!! The increase in serum LH levels could be 
brought about through at least three different mech- 
anisms. These are: (1) an increase in the total amount 
of LH released per pulse, (2) an increase in the fre- 
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quency of pulses per unit time, and (3) a change in the 
pituitary sensitivity to the endogenous gonadotropin 
releasing hormone. These parameters should be con- 
sidered assuming that there are no significant changes 
in peripheral metabolism or excretion of the hormone 
under investigation. 

It appears that the total amount of LH released į per 
pulse is the explanation for the increased serum LH 
level found during clomiphene citrate administration. 
The amplitude of the identified LH pulses was higher 
in the follicular phase of the cycle with . clomiphene 
citrate treatment (Fig. 1,-A). Increased pituitary hor- 
monal secretion’ has been found to be related to an 
increase in the quantitative amount of hormone re- 
leased per episode on the basis of deconvolutional anal- 
ysis.” Our data support this concept that the increase 
in ‘serum hormone concentration is dué to an increased 
release of hormone with each secretory episode. - 

"We were unable to discern a significant difference in 
pituitary interpeak interval between the women receiv- 
ing placebo aiid those given clomiphene citrate. This 
is in contradistinction to a previous report that dem- 
onstrated an ‘increase in pulse frequency in the follic- 
ular phase of the cycle in women.? In this study pulse 
frequencies were compared before and after ingestion 
of. -clomiphene citrate and placebo in the volunteers. 
These authors did not find a significant difference in 
the pulse frequency on the same cycle day between 
womeni receiving placebo and those given clomiphene 
citrate. Other investigators have described a small but 
significant increase in’ pulse frequency in women who 
were administered’ clomiphene citrate.” 

In the current study we were not able to show any 
difference in pulse frequency on the basis of interpeak 
interval between clomiphene citrate and placebo on cy- 
cle days 9 to 10. These data suggest that clomiphene 
citrate does not have an effect on the hypothalamic 
pulse generator. The reason for the differences be- 
tween our study and the other may be explained by the 
fact that we were sampling overnight. A slowing of LH 
pulse frequency has been described to occur in the 
follicular phase of the cycle with sleep. We have not 
specifically addressed the issue of pituitary LH pulse 
frequency in the awake state versus the asleep state in 
this study, although the data are under analysis. Alter- 
natively, the longer duration of sampling (12 hours) in 
our study compared with 4 and 9 hours, respectively, 
and the more frequent venous sampling interval (10 
minutes) could contribute to a more accurate assess- 
ment of pulse frequency.'* "7! 

We found a high frequency of pituitary LH pulses 
on days 9 to 10 of the menstrual cycle. The mean in- 
terpeak iriterval in the follicular phase of the cycle was 
40 minutes in the clomiphene ccitrate—treated volun- 
teers; this is not different from that with placebo (Table 
If). We believe that the high frequency of identified 
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LH pulses was due to the sensitivity of the PULSAR 
program. Because of the large coefficient of variation 
in the radioimmunoassay associated with the low levels 
of LH, we determined the within-assay coefficient of 
variation with low, medium, and high LH control and 
constructed a binomial equation from these data 
points.’ Using these coefficients of variation we reran 
the data and used the criterion that an increase of LH 
over the preceding nadir value of >3.8 times the co- 
efficient of variation was needed to identify a LH peak. 
When this modification was performed, the increased 
number of peaks presented in the current study were 
identified. We believe that the increased pulse identi- 
fication is related both to the sensitivity of the PULSAR 
program and to the duration and frequency of the 
sampling. These data are in accordance with the re- 
ported paradigm indicating that glandular hormonal 
secretion is characterized by a short-lived rapid burst 
of secretory activity.” 

The increased pituitary LH secretion per pulse may 
be secondary to an increase in the amount of endog- 
enous hypothalamic gonadotropin releasing hormone 
released. Clomiphene citrate has been shown to in- 
crease the in vitro release of gonadotropin releasing 
hormone from isolated perfused rat hypothalami.” In- 
creased quantities of circulating immunologic gonad- 
otropin releasing hormone have been detected in pe- 
ripheral sera of women who were administered clo- 
miphene citrate.'© The quantity of pituitary LH 
released was found to be directly correlated with the 
amount of exogenous gonadotropin releasing hormone 
administered in men with hypogonadotropic hypogo- 
nadism associated with a gonadotropin releasing hor- 
mone deficiency.” Other investigators have found that 
exogenous gonadotropin releasing hormone adminis- 
tration (10 ug) does not result in a significant difference 
in the quantity of pituitary LH release in normal women 


studied at the same time in the menstrual cycle, either 


not receiving treatment or receiving clomiphene ci- 
trate.’ We believe that these data and our own from 
the current study are compatible with the hypothesis 
that there is an increased quantity of hypothalamic go- 
nadotropin releasing hormone being released during 
clomiphene citrate administration in normal women. 
Another possibility is that clomiphene citrate could 
alter the pituitary sensitivity to endogenous gonado- 
tropin releasing hormone. Clomiphene citrate was 
found to increase the pituitary secretion of LH only 
minimally with an in vitro superfusion technique.” 
However, pituitary cells exposed to clomiphene citrate 
in vitro were shown to have an increased sensitivity to 
gonadotropin releasing hormone.' Further, clomi- 
phene citrate, an antiestrogen, could result in endo- 
crine changes similar to those present in a postmeno- 
pausal woman. Increased pituitary LH secretion with 
large-amplitude LH pulses is known to occur in women 
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with ovarian failure.’* Further, studies in castrated rats 
have found that there is a decrease in the hypothalamic- 
pituitary portal concentration of gonadotropin releas- 
ing hormone, with an increase in both the number and 
the sensitivity of pituitary gonadotropic cell gonado- 
tropin releasing hormone receptors. Although these 
reports do indicate a direct effect of clomiphene citrate 
on the pituitary gonadotropic cell, they imply that the 
effect, if present, is minimal. 

We did not find any significant differences in luteal 
phase mean serum LH levels and LH amplitude be- 
tween ‘the placebo and clomiphene citrate cycles with 
sampling performed on LH surge day +10 dur- 
ing the luteal phase. The effect of progesterone on 
hypothalamic-pituitary function is believed to be a slow- 
ing in the hypothalamic pulse generator with a con- 
comitant increase in pulse amplitude.” Our data, how- 
ever, are at variance with other reports of investigations 
in both subhuman primates and humans relative to the 
increased pulse amplitude in the luteal phase of the 
cycle.” There does appear to be a reduction in both 
mean LH levels and peak amplitude in the late luteal 
phase of the cycle in these studies.” Our luteal sam- 
pling was performed on the tenth day after the urinary 
LH surge and should be considered late luteal phase. 
There also appears to be a decrease in the LH pulse 
amplitude at night in women during the late luteal 
phase, although the published data are too sparse to 
make any meaningful conclusions.”* We believe that the 
timing of our investigation of pituitary secretory dy- 
namics i.e., at night and in the late luteal phase, explains 
our current findings. 

The pituitary LH interpeak interval was less in the 
clomiphene citrate volunteers than in those receiving 
placebo in the luteal phase (Table IT). The cause of this 
latter finding is not known but could be related to an 
increased retention of clomiphene citrate in the body.' 
Studies have indicated that clomiphene citrate can be 
present for up to 6 weeks after administration.’ The 
administration of clomiphene citrate in the luteal phase 
also has been found to result in an increased LH pulse 
frequency.” These data suggest that the decreased lu- 


‘teal phase interpeak interval in the volunteers may be 


secondary to the presence of clomiphene citrate. 

The clinical parameters used to determine menstrual 
cycle interval did not demonstrate any significant dif- 
ferences between placebo and clomiphene citrate. Spe- 
cifically we did not find any alteration in the interval 
in days of the follicular or luteal phases (see Table I). 
Other investigators who have used clomiphene citrate 
for initiation of follicular maturation in anovulatory or 
normal women report a delay in the LH surge related 
to the use of clomiphene citrate. ®© In a study of 
normal women undergoing clomiphene citrate therapy 
for in vitro fertilization the follicular phase was in- 
creased by 1 day in comparison with the untreated cy- 
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cle.* Although we looked for this, no significant dif- 
ference was found in the interval from onset of menses 
to serum LH surge or from onset of treatment to serum 
LH surge. We were impressed with the finding that 
there was a smaller standard deviation in the interval 
from menses to LH surge in the clomiphene citrate— 
treated women compared with those given placebo. We 
feel that this indicates that clomiphene citrate results 
in a more concordant midcycle LH release, possibly 
related to the follicular development. 

High doses of clomiphene citrate administered to 
subhuman primates have been found to inhibit follic- 
ular response and retard the occurrence of the midcycle 
LH surge. Only one of the women in this study had 
evidence of a prolonged follicular phase and this oc- 
curred during the use of clomiphene citrate (volunteer 
9, Table I). 

There was a highly significant increase in the serum 
17B-estradiol levels in the women while they were re- 
ceiving clomiphene citrate (Fig. 4, B). The serum 178- 
estradiol levels in anovulatory women during and after 
administration of clomiphene citrate have been re- 
ported to be on the order of 300 to 400 pg/ml." An 
evaluation of the serum 17-estradiol levels in normal 
women who were undergoing controlled ovarian hy- 
perstimulation for in vitro fertilization indicate a large 
increase in their serum 178-estradiol levels.” * These 
data would imply a potential follicular resistance to or 
dysfunction with endogenous gonadotropins in ano- 
vulatory women. The large amount of clomiphene ci- 
trate used for initiation of follicular development in 
some women could inhibit ovarian folliculogenesis as 
described above, but there may be an ovarian dys- 
function to explain the lower levels of 17B-estradiol 
found during clomiphene citrate administration in an- 
ovulatory women.” Alternatively, follicular develop- 
ment could be retarded in the anovulatory women as 
an explanation for the lower 178-estradiol levels found 
during clomiphene citrate treatment. 

Despite the increased serum concentrations of 17B- 
estradiol] the LH surge was not advanced in the women 
as determined by both the serum LH levels and the 
urinary LH surge. In fact, in all but two women the 
serum LH peak coiricided with the urinary LH surge 
(data not shown), and there was no difference in the 
height of the LH midcycle peak between the two treat- 
ments. 

There were no discernible differences in the luteal 
phase lengths between the two treatments. The use of 
clomiphene citrate in high doses in normal women 
along with exogenous 17-estradiol has been reported 
to cause a shortened luteal interval. The luteal interval 
on the basis of the day of the urinary LH surge to the 
onset of the next bleeding episode ranged from 10 to 
15 days. Two of the women had luteal lengths of 10 
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and 11 days, respectively (volunteers 3 and 5), during 
a placebo and a clomiphene citrate—treated cycle. 

The serum progesterone levels during the luteal 
phases were significantly higher in the women who had 
received clomiphene citrate. On the basis of the serum 
progesterone levels there was no evidence for either a 
luteal phase inadequacy or a shortened luteal interval. 
The endometrial biopsies that were performed on day 
+11 after the urinary LH surge were compatible with 
day 23 to day 25 of the cycle, and there was no histologic 
evidence of luteal deficiency. The exact incidence of 
luteal phase deficiency is difficult to assess but appears 
to be on the order of 2% to 3% in infertile women.° 
Clomiphene citrate has been thought to induce a luteal 
phase deficiency in both normal and infertile women. 
However, we were unable to find any evidence of luteal 
phase deficiency in the normal volunteers in this small 
series. 

In summary, we have shown that clomiphene citrate 
results in an increased serum LH level in the follicular 
phase of the cycle in normal women. The increase ap- 
pears to be related to an increased quantitative release 
of pituitary LH per pulse, since we found an increased 
amplitude of the identified peaks but no discernible 
change in pulse frequency. 

Our data also indicate that luteal phase pituitary LH 
episodic secretion is not independent of the follicular 
phase administration of clomiphene citrate. We found 
a Statistically different interpeak interval in the luteal 
phase of the women who received clomiphene citrate 
when compared with those given placebo, implying a 
long duration of effect of clomiphene citrate. 


We acknowledge the assistance of Cindy Anderson, 
RN, MSN, FNC, Janice Hammond, J-G Hsui, MD, and 
Ms. Pauline Clynes. 
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Discussion 


Dr. Mary G. HamMmonp, Chapel Hill, North Caro- 
lina. Although clomiphene citrate has been in use for 
the induction of ovulation for almost 30 years, the 
mechanism of action of this very useful drug continues 
to be debated. This antiestrogen, which was initially 
studied as a contraceptive and then introduced for the 
induction of ovulation in anovulatory women, has 
found increasing utility in treatment of women with 
evidence of ovulation. It is being used in the treatment 
of luteal phase dysfunction, and it is finding increasing 
usefulness in induction of multiple follicular develop- 
ment, in in vitro fertilization, and at present in some 
centers for multiple follicle development and washed 
intrauterine insemination in the treatment of male fac- 
tor and unexplained infertility. 

Essentially three mechanisms have been suggested as 
possible mode of action for clomiphene.’ The first is 
by an interaction with hypothalamic estrogen receptors, 
leading to an increase in gonadotropin releasing hor- 
mone stimulation of the pituitary, resulting in a rise in 
circulating levels of FSH and LH, and stimulating fol- 
licle recruitment. The second is by increasing sensitivity 
of the pituitary gland to gonadotropin releasing hor- 
mone secretion, also leading to an increase in FSH and 
LH concentrations. The third proposed that clomi- 
phene interferes with steroidogenesis in the ovary, re- 
ducing concentrations of circulating estrogens and 
again, through the hypothalamic mechanism, leading 
to an increase in gonadotropin releasing hormone pro- 
duction and a subsequent rise in gonadotropins. Two 
out of three of these mechanisms postulate a change 
in gonadotropin releasing hormone secretion at the 
hypothalamic level. 

It would theoretically be possible to increase gonad- 
otropin releasing hormone secretion by two methods. 
One would be by increasing the amplitude of the go- 
nadotropin releasing hormone release. The second 
would be by increasing the frequency of gonadotropin 
releasing hormone pulses. An increase in pulsatility of 
gonadotropin releasing hormone would lead to an in- 
creased frequency of LH peaks in the circulation. An 
increase in the amplitude of the gonadotropin releasing 
hormone stimulation would lead to an increased am- 
plitude of LH peaks in the serum. 

The second mechanism, an effect on the pituitary 
gland, would lead to an increased sensitivity to the go- 
nadotropin releasing hormone pulses and therefore to 
an increase in amplitude, but not frequency, of LH 
pulses. 

The intent of this article was to evaluate further the 
effect of clomiphene citrate on LH pulse characteristics 
in normal women. These characteristics have been pre- 
viously evaluated in the follicular phase. However, 
there are no reports of an evaluation in the luteal phase. 
In addition, the authors looked at the period of sleep 
as opposed to the daylight hours that had been pre- 
viously studied. They concluded that the rise in daily 
LH concentration seen during the follicular phase is 
associated with an increased amplitude of LH pulses 


s 
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rather than an increase in LH pulse frequency. This 
conclusion is based on the observations of LH peak 
frequency in serum sampling obtained during a 12- 
hour evening and sleep period in normal women who 
were studied in either the follicular or the luteal phase 
of a placebo cycle and a clomiphene citrate cycle. Four 
women were studied in each arm. They were evaluated 
on cycle day 9, the last day of administration of clo- 
miphene, and on luteal day 10 after a urinary LH surge. 
In addition to studying the variety of hormones in the 
serum, the authors also performed an endometrial bi- 
opsy 11 days after the urinary LH surge. 

The authors confirmed that there was an increase in 
the mean peripheral follicular phase LH levels in pa- 
tients receiving clomiphene citrate and that there was 
no change in the mean LH levels of patients in the 
luteal phase; these findings support the concept that 
the action of clomiphene is primarily in the immediate 
early follicular phase during and immediately after the 
clomiphene dose. The authors also confirmed an in- 
crease in the mean estradiol level in the follicular and 
luteal phases and essentially a doubling of the proges- 
terone level in the luteal phase of patients receiving 
clomiphene citrate. These findings have been previ- 
ously reported in the literature and would seem to re- 
flect multiple follicle and corpus luteal development in 
normal women receiving clomiphene.’ The authors 
also explored the question as to whether clomiphene 
citrate might affect luteal phase adequacy on the basis 
of luteal phase length and endometrial biopsy. They 
noted no difference between the cycle day of urinary 
LH rise or the length of the luteal phase. They also 
demonstrated no histologic evidence of luteal phase 
deficiency in association with clomiphene treatment. 
This is an interesting finding in that they have exam- 
ined eight biopsy specimens, all of which were in phase. 
The literature suggests that, even in normally ovulating 
women, approximately 20% of cycles show some en- 
dometrial abnormality. However, in this small sampling 
it is not surprising that this was not detected. Statistical 
significance would not have been shown, however, had 
a single abnormal endometrial biopsy specimen been 
detected in the clomiphene group, because the fre- 
quency of the abnormality is sufficiently high in normal 
cycles as to make it difficult to attribute to the drug. 

The major focus of the article has to do with the 
effect of clomiphene on LH pulsatility. In this regard 
there are several comments to be made. The first is that 
there is an unusually high frequency of LH pulses or, 
stated another way, an extremely low LH interpulse 
interval reported in this study. Pulses are reported to 
occur between 30 and 50 minutes in both follicular and 
luteal phases. This is quite contrary to the literature in 
which the normal interpulse interval reported is ap- 
proximately every 90 minutes in the follicular phase 
and every 2 to 3 hours in the luteal phase. Previous 
sleep studies have suggested that this pulse frequency 
actually decreases further during the night by an av- 
erage of approximately 25 minutes.’ In sleep, midluteal 


September 1989 
Am J Obstet Gynecol 


LH peaks have been reported to be as infrequent as 
every 5 hours. In the analysis of the LH peaks by the 
method described, the authors were unable to detect 
an increased frequency of LH peaks after clomiphene 

citrate administration, in contrast with other studies. f 
They did, however, note an increase in LH amplitude. 
Their interpretation is that this eliminates an increase 
in gonadotropin releasing hormone pulse frequency at 
the hypothalamic level as a cause of clomiphene activity. 
It does not, however, rule out an increase in the am- 
plitude of gonadotropin releasing hormone pulses or 
an increase in the sensitivity of the pituitary to gonad- 


‘otropin releasing hormone pulses as the cause of clo- 


miphene’s action. . 

Of major import to interpretation of the results is 
the selection of a computer program for the analysis 
of the episodic release of LH.* A variety of methods 
have been used in the past to identify LH peaks and 
there are a number of programs available for perform- 
ing this analysis. This is an intricate and controversial 
area of neuroendocrinology, and the selection of the 
program PULSAR used in this study clearly appears to 
have had a significant impact on the results. 

I have several questions for the authors. 

1. Why did they select the evening for performing 
their studies? Do they feel the nocturnal LH peaks are 
more important in neuroendocrine function? 

2. Did they look at pelvic ultrasonograms to confirm 
the number of follicles in the patients responding to 
clomiphene therapy? 

3. How did they interpret their endometrial biopsy 
specimens? The endometrial biopsies were timed on 
the basis of a midcycle LH peak. However, the analysis 
of the histologic features is based on time to the sub- 
sequent menses. Which method did they use for anal- 
ysis and was there a discrepancy noted between the two 
methods of analysis? 

4. How did they explain the fact that all of their 
endometrial biopsy specimens were normal in light of 
previous studies that detected approximately 20% dis- 
crepancy in endometrial biopsy specimens, even in nor- 
mal women? 

5. Have they submitted their LH pulsatility data 
to analysis by another computer program besides 
PULSAR? If so, did they get the same results and how 
do they interpret these very frequent LH peaks that 
have not been reported previously? Do they feel that 
these are physiologically significant? Is there a method 
by which they can analyze their data and report the 
peak frequencies previously noted by other authors? 
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Table I. Pituitary LH pulse dynamics during a 12-hour sampling interval by Cluster Analysis 











LH amplitude* (ng/ml) 





Interpulse interval (min) 












Volunteer No. citrate 





Clomiphene 








Clomiphene 
citrate 





Placebo 





Follicular 

phase 

4 17.8 22.2 125.0 : 58.3 

5 24.8 24.6 56.3 80.0 

6 17.4 50.4 107.5 102.0 

9 23.4 37.4 67.8 71.7 

Mean + SD 20.85 + 3.29 33.65 + 11.26 89.15 + 28.09 76.75 + 17.48 
Luteal phase . 

i 10.3 6.4 51.0 50.9 

2 4.5 8.7 102.0 73.3 

3 8.1 111 57.8 68.9 

8 25.4 112 | 210.0 76.7 

Mean + SD 12.07 + 7.96 9.35 + 1.97 105.20 + 63.59 67.45 + 9.94 





*Amplitude is from nadir to peak of identified pluses. 


ergic mechanism. J Clin Endocrinol Metab 1987:65:715. 
4. Urban RJ, Evans WS, Rogol AD, Kaiser DL, Johnson ML, 
Veldhuis JD. Contemporary aspects of discrete peak- 
detection algorithms. I. The paradigm of the luteinizing 
hormone pulse signal in men. Endocr Rev 1988;9:3. 


Dr. ARCHER (Closing). I want to thank Dr. Ham- 
mond for what I thought was a very penetrating and 
cogent discussion cf this article, touching on the high- 
lights and pointing out some problems that we might 
have that could be rectified. 

First, why we did the study in the evening is unique 
because we did not start out to look at evening samples 
in normal menarchal women: Several years ago I be- 
came very interested in the fact that some menopausal 
women wake up between 4 and 5 am for no apparent 
reason and stay awake. I thought that some phenom- 
enon occurring at night should be investigated. This 
was coupled with data regarding a nocturnal, sleep- 
related LH secretion during puberty, and I felt that 
these nocturnal LH pulses might be of significance to 
us in terms of neuroendocririe function. There was also 
a suggestion that if clomiphene citrate did increase pi- 
tuitary LH pulses and did so at night as opposed to 
day, this might be the principal mechanism of action 
of clomiphene in changing LH secretion. The increased 
nocturnal LH pulses could result in the pathophysio- 
logic finding of luteal phase defects. Increased follic- 
ular stage LH pulse frequency has been reported to 
occur in women with luteal phase defects.' 

We are continuing to analyze our data to determine 
if there is a change in sleep-associated LH pulses. All 
of these women have been studied in the sleep | labo- 
ratory with sleep stages determined on a minute-to- 
minute or second-to-second basis, and those data are 
now being analyzed with Dr. Ware. 

We did have problems with the endometrial biopsies. 
I must admit that in my enthusiasm for this study we 
looked at the biopsy specimens from the time of the 


urinary LH surge to the biopsy date. When the pa- 
thologist reported that they were within day 23 to day 
25 as I expected them to be, I just assumed that that 
was right. After we looked again at the data base, three 
of these eight women have luteal phase lengths of <13 
days (one 11, one 12, and one 13). It is conceivable, if 
we use the criteria of Noyes et al. and the onset of the 
next menstrual period and then count back and look 
critically at these biopsy specimens, that we might find 
one or two that are out of phase. Whether that will be 
significant I am not sure, but at least it will again in- 
dicate to us that clomiphene may have some effect that 
is picked up histologically. 

Last, in terms of an LH pulse analysis program, PUL- 
SAR is the program we had readily available to us and 
we used it. It has some deficiencies. One of the defi- 
ciencies that is obvious to us is that it picks up a Jot of 
background noise. We have obtained, from the Uni- 
versity of Virginia, Dr. Johannes Veldhuis’ program, 
Cluster Analysis. We have reanalyzed these data by 
means of Cluster Analysis (Table Í). 

Luteinizing hormone pulse amplitudes are greater 
with the Cluster Analysis program than the PULSAR 
program, since the measurement is from the preceding 
nadir to peak. PULSAR measures peak amplitudes 
from a smoothed mean to the apex of the identified 
peak. The relationship still exists that clomiphene ci- 
trate increases mean LH pulse amplitude in the follic- 
ular phase. There is no difference in mean LH pulse 
amplitude in the luteal phase of either clomiphene 
citrate— or placebo-treated women. 

- The interpulse interval between clomiphene citrate 
and placebo is not statistically different in the follicular 
phase of the cycle on the basis 'of Cluster Analysis (76 
and 89 minutes respectively). This pulse frequency is 
more in keeping with the published literature of ap- 
proximately one pituitary LH pulse per hour. This in- 
terval is greater (slower) with Cluster Analysis than with 
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Pulsar. We believe that Cluster Analysis has a more 
accurate identification of discrete pulses since it takes 
into account both preceding nadir and postpeak nadirs 
for pulse identification. Of interest is that the luteal 
phase interpulse interval is longer with placebo than 


with clomiphene citrate. This supports our contention ` 


that clomiphene citrate. persists in the body and 
continues to have a central effect on hypothalamic 
function. 
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Cigarette-smoking increases risk of serious cardiovascular side effects from OC use. Risk increases with age and 
heavy smoking (15 or more cigarettes/day) and is quite marked in women over 35. OC users should be strongly 
advised not to smoke. OCs are associated with increased risk of several serious conditions including venous and arterial 
thromboembolism, thrombotic and hemorrhagic stroke, myocardial infarction, visual disorders, hepatic tumors, gallbladder 
disease, hypertension, fetal abnormalities. Practitioners should be familiar with the available information relating to 
these and other risks. 









1. Thromboembolic disorders and other vascular problems: Increased risk of thromboembolic and thrombotic disease 
associated with OCs is well established. A British study showed increased risk for fatal venous thromboembolism (TE). British 
and U.S. studies showed increased risk for nonfatal disease. U.S. studies showed increased risk for stroke. OC users were 
2-11 times more likely to manifest these diseases without evident cause. In a study of idiopathic deep vein thrombosis and 
pulmonary embolism (PE), projected hospitalization rates for ages 16-40 were 47/year/100,000 users and 5 for nonusers. 
Overall excess mortality from PE or stroke was 1.3-3.4 deaths/year/100,000 users and increased with age. Cerebrovascular 
Disorders: In a study of stroke with and without predispositions, risk of hemorrhagic stroke was 2 times greater and thrombotic 
stroke 4.0-9.5 times greater in users. Mortality trends in 21 countries indicate that changes in cardiovascular mortality were 
associated with changes in OC prevalence. The Royal College of GPs (RCGP) reported on its prospective Study: "A statistically 
significant higher rate of reporting of cerebrovascular accidents in Takers is evident, but the numbers are too small to justify 
an estimation of the degree of risk.” A 1981 analysis showed a 4-fold increased mortality in users from Circulatory diseases, 
mainly myocardial infarction (MI) and hemorrhagic stroke. Excess mortality was associated with age and smoking. A 1983 
analysis showed elevated cerebrovascular disease, increasing with use to 8 yrs, including cerebral thrombosis or embolism 
and TIA. Peripheral arterial disease and MI were increased. Women over 30 had more arterial disease, being greatest in 
smokers. Arterial case-fatality was 2-3 times greater for users who smoked. Family Planning Assoc. (FPA) found significant 
association between OC use and stroke; increased risk for venous thrombosis.and PE was 4-fold and statistically significant. 
Mortality from nonrheumatic heart disease was greater in ever-users. In the Walnut Creek Study, subarachnoid hemorrhage 
risk was associated with smoking, age, and OC use. Myocardial Infarction: Increased risk of MI associated with OCs was 
reported in Britain, as previously suspected. The morbidity study found the greater the number of risk facidrs for coronary 
artery disease (smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia) the higher 
the risk, regardless of OC use. OCs were an additional risk factor. Excess rate of fatal MI was 3.5/year/100,000 users aged 
30-39 and 20 for ages 40-44. (These are based on British statistics with acute MI death rates 2-3 times less than the U.S. 
Similar estimates for the U.S. are 25.7 for users aged 30-39 with predispositions vs 1.5 without; for ages 40-44, 86.2 vs 5.1.) 
Excess hospitalization rate for nonfatal MI in Britain was 3.5/year/ 100,000 users aged 30-39 and 47 for ages 40-44. Smoking 
major predisposing condition to MI. In terms of relative risk, nonsmoking OC users are twice as likely to have fatal MI as 
nonsmoking nonusers. Smoking users have a 5-fold greater risk than nonsmoking users, but a 10-12-fold Qreater risk than 
nonsmoking nonusers. Amount of smoking is an important factor. In determining importance of these risks, give serious 
Consideration to rates in table below. Importance of other predispositions cited above in determining relative and absolute 
risks has not been quantified; it is likely the same synergism exists, but perhaps to a lesser extent. U.S. studies similarly 
relate MI, OCs, smoking, and age. 


Estimated Mortality Rate from Myocardial Infarction per 100,000 Women/Year 


Aged 30-39: Users — Nonusers Aged 40-44: Users — Nonusers 
All smokers 10.2 2.6 62.0 15.9 
2=15 cigarettes daily 13.0 51 78.7 31.3 
<15 cigarettes daily 47 0.9 28.6 5.7 
Nonsmokers 1.8 12 10.7 74 
Smokers and nonsmokers 5.4 19 32.8 11.7 


POPPP 
Risk of Dose: Reports of TE after use of OCs with =50 mcg estrogen received by drug safety committeas.in Britain, Sweden, 
and Denmark were compared with distribution expected from market research sales estimates. A positive correlation was 
found between estrogen dose and reporting of TE, including coronary thrombosis, in excess of that predicted by sales. OCs 
with = 100 mcg estrogen were associated with higher TE risk than those with 50-80 mcg. Estrogen quantity may not be the 
sole factor; influence of progestogens was not considered, which may be responsible for certain discrepancies in the data. 
No significant differences were noted between OCs containing same estrogen dose nor between ethinyl estradiol and mestranol. 
In Britain certain TE conditions were associated with progestogen or estrogen dose. In Sweden reports of TE decreased when 
higher estrogen doses were no longer prescribed. Studies on TE risk with progestogen-only OCs have not been done. Cases 
have been reported for these; they are not presumed free of risk. In a U.S. case-controlled study, relative risk of OC use 1 
month before hospitalization for various types of TE was calculated. If relative estrogenic potency and possible influence of 
different progestogens are ignored, OCs may be divided into those with <100 mcg and those with > 100 mcg estrogen, For 
all cases combined, larger doses were associated with only slightly higher risk; for idiopathic cases risk was doubled with 
larger doses, but confidence limits overlapped and differences were not significant. Apparently there was less increased risk 
for cases with predispositions. In FPA study no nonhemorrhagic strokes occurred with <50 mcg estrogen, vs 13 with higher 
doses. TE risk in users and nonusers increases with age. OCs have been considered an independent risk factor. Persistence 
of Risk after OC discontinuation was reported for circulatory disease, nonrheumatic heart disease, and cerebrovascular disease, 
including subarachnoid hemorrhage, cerebral thrombosis, and TIA. Excess Mortality from Circulatory Diseases: A U.K 
prospective study estimated annual mortality from circulatory diseases for OC users and nonusers by age, smoking, and 
duration of use. Excess mortality was 23/100,000 users (2 and 10 for ages 25-34, 15 and 48 for ages 35-44, 41 and 179 for 
ages >44, for nonsmokers and smokers, respectively). Risk was significant only for smokers over 34. Most deaths were due 
to subarachnoid hemorrhage or ischemic heart disease. Risk for ever-users rose with parity. One study estimated risk of death 
with various contraceptive methods, each estimate including risk of method (eg, TE for OCs) plus risk due to pregnancy or 
abortion in cases of method failure. This latter risk varies with effectiveness. It concluded mortaljty swith al) methods is low 
and below that of childbirth, except for OC users over 40 who smoke. Heavy smokers have outlet risk-of smokers, light 
smokers about half. Mortality with OC use in nonsmokers over 40 is higher than’ with any othe? method iñ that age group. 
Lowest mortality is with condom or diaphragm backed up by early abortion. Risk of TE and thrombotic disease with OCs 
increases with age aftér 30 and, for MI, is further increased by hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeciamptic toxemia, and especially cigarette smoking. Based on current data, the chart gives gross estimates of risk of 
death from circulatory disorders associated with OCs: : 


Risk is: A—very high; B—high; C—moderate; D—low. Age: <30 30-39 =40 
Heavy smokers (= 15/day) c B A 
Light smokers (<15/day) D c B 
Nonsmokers, no predispositions D C.D c 
Nonsmokers, with predispositions c CB BA 


—— aaaaa—mMmMM 
Be alert to earliest manifestations of TE and thrombotic disorders (eg, thrombophlebitis, PE, cerebrovascular insufficiency, 
coronary artery disease, MI, retinal thrombosis, mesenteric thrombosis). Should any be suspected, discontinue OCs 
immediately. A 4-7-fold increased risk of postsurgery TE was reported in users; if feasible discontinue OCs at least 4 weeks 
before surgery or in prolonged immobilization. Before resuming OCs, weigh risks of postsurgery TE complications against 
contraceptive needs. The RCGP prospective study reported higher incidence of superficial and deep vein thrombosis in users, 
the former correlated with progestogen dose. The data suggest varicose veins have little effect on development of deep vein 
thrombosis but substantially increase risk of superficial vein thrombosis, risk depending on severity of varicosities. 2. Ocular 
lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have been associated with OCs. Discontinue if there 
is unexplained, gradual or sudden, partial or complete loss of vision; proptosis or diplopia; papilledema; or evidence of retinal 
vascular lesions. Institute diagnostic and therapeutic measures. 3. Carcinoma: Long-term estrogen in certain animals increases 
carcinomas and/or nonmalignant neoplasms, such as those of breast, uterus, cervix, vagina, ovary, liver, pituitary. Some 
synthetic progestogens, none currently in OCs, increase incidence of benign and malignant mammary nodules in dogs. There 
is evidence that estrogens increase risk of human endometrial carcinoma. In case-controlled studies, increased risk (2.2-13.9 
times) associated endometrial carcinoma with prolonged estrogen for menopausal symptoms. Risk was independent of other 
known risk factors and depended on duration of use and dose. This is supported by increased endometrial cancer incidence 
since 1969 in areas with cancer-reporting systems, which may be related to rapidly expanding estrogen use. There is no 


evidence that natural estrogens are more or less hazardous than synthetics at equi-estrogenic doses. Of the first 30 cases 
endometrial carcinoma in OC users under 40, those without predispositions (eg, irregular bleeding before OCs, polycy 
ovaries) occurred nearly always with no-longer-marketed sequential OCs. No statistical association is reported suggest 
increased endometrial cancer with combination or progestogen-only OCs, though individual cases were reported. Studies sh 
no increased breast cancer with OCs or estrogens. However, greater risk was noted in OC users with benign breast dise 
or long-term (2-4 years) use. One study found greater risk of breast cancer with >4 years OC use prior to first full-te 
Pregnancy. Risk of breast cancer with menopausal estrogens rose and further increased with duration of follow-up. OCs 
estrogen were related to breast cancer in connection with other risk factors. Decrease in benign breast tumors in OC user: 
well known. Some studies suggested increased risk of cervical dysplasia, erosion, and carcinoma in long-term users. Cervi 
Microglandular hyperplasia has been reported. In summary, there is no consistent evidence from human studies of increas 
cancer risk with OCs. Close surveillance is, however, essential. In undiagnosed persistent or recurrent abnormal vagi 
bleeding, consider nonfunctional causes and take diagnostic measures to rule out malignancy. Carefully monitor users w 
Strong family history of breast cancer or with breast nodules, fibrocystic disease, recurrent cystic mastitis, abnorn 
mammograms, or cervical dysplasia. 4. Hepatic adenomas, etc, have been associated with OCs. In 1 study OC formulatia 
with high “hormonal potency” were associated with higher risk, as was age over 30. Though benign, these lesions m 
rupture and cause fatal hemoperitoneum in short- or long-term users. Two studies related risk to duration of use, being mu 
greater after >4 years. Long-term OC users have an estimated adenoma incidence of 3-4/year/100,000. Consider su 
lesions in users with abdominal pain, tenderness, mass, or shock. About 25% Present with abdominal masses, up to h 
with acute hemoperitoneum. Radiologic and lab studies may not be helpful; liver scans may show local defect. Hepa 
arteriography or CAT may be useful. Hepatocellular carcinoma risk is increased 7-20 times in users for 8 or more years, B 
duct cancer may occur with OC use, OCs are contraindicated in case of past or present, benign or malignant liver tume 
developing during use of estrogenic products. 5. Use in or immediately preceding pregnancy, birth defects, malignancy 
offspring: Estrogens or progestogens during early pregnancy may seriously damage offspring. Females exposed in utero 
DES and other nonsteroidal estrogens may have increased risk of vaginal or cervical cancer. Though OCs may not enhan 
this risk, monitor such patients carefully. From 30-90% of DES-exposed women develop benign vaginal or cervical adenos 
which could be premalignant. DES-exposed daughters have more unfavorable Pregnancy outcomes. Males so exposed m 
develop urogenital and sperm defects. Other estrogens may mimic DES. Reports relate fetal exposure to female sex hormon 
and congenital anomalies, eg, VACTERL for vertebral, anal, cardiac, tracheoesophageal, renal, and limb defects. There appe: 
preferential expression by males. There was a 4.7-fold increased risk of limb-reduction defects in infants exposed in utero 
sex hormones (OCs, hormonal withdrawal pregnancy tests, or treatment for threatened abortion). Some exposures were ve 
short, being only a few days. Cardiovascular defects in children exposed to female hormones, including OCs, during ea 
Pregnancy occurred in 18.2/1,000 births, compared to 7.8 for those unexposed (P<.05). More twinning was reported 
conceptions shortly after OC discontinuance. Female sex hormones were used for threatened or habitual abortion, but the 
is considerable evidence estrogens are ineffective and no evidence Progestogens are effective. Triploidy and possibly oth 
polyploidy may be increased in abortuses from women becoming Pregnant soon post-OC. These almost always abc 
spontaneously It is unknown if spontaneous abortion is increased soon after stopping OCs. Increased chromosome aberratioi 
have been reported. Safety of OCs in pregnancy has not been demonstrated. Rule out Pregnancy in using OCs and alway 
Consider it if withdrawal bleeding does not occur. If 2 consecutive periods are missed rule out Pregnancy before continuin 
If user deviates from regimen, consider pregnancy at first missed period and withhold OCs. If pregnancy is confirmed, appris 
“patient of potential fetal risks and discuss continuation of pregnancy, Users discontinuing for pregnancy should use alternati 
contraception for 3 months before attempting to conceive, though this is not based on precise information. Do not us 
progestogen-only or progestogen-estrogen drugs as pregnancy tests. 6. Gallbladder disease risk, surgically confirme 
appeared after 2 years’ use and doubled after 4-5 years in 1 study; it appeared in 6-12 months’ use in another. 7. Carbohydrai 
and lipid metabolism: Decreased glucose tolerance occurs in a significant number of users; carefully observe diabetic an 
prediabetic patients. Triglycerides, total phospholipids, and lipoproteins may increase. 8. Elevated blood pressure (BP) occut 
in some users in a few months, and degree may relate to progestogen dose. Hypertension prevalence in users is not hight 
in the first year, but increases with longer exposure; in the 5th year it is 2%—3 times the first year. Age is strongly correlate 
with hypertension in users. Those with history of elevated BP (hypertension), Preexisting renal disease, history of toxemia í 
elevated BP in pregnancy, familial tendency to hypertension or its consequences, or history of excessive weight gain or flui 
retention during menstrual cycles may be more likely to develop elevated BP on OCs and should be monitored Closely. Eve 
though elevated BP may be in “normal” range, do not ignore implications. Follow Closely, particularly those with other ris 
factors for cardiovascular disease or stroke. High BP may or may not persist after stopping OCs. 9. Headache: Onset « 
exacerbation of migraine or development of headache of a new pattern that is recurrent, persistent, or severe requires stoppir 
OCs and evaluating cause, 10. Bleeding irregularities: Breakthrough bleeding (BTB), spotting, and amenorrhea are freque! 
reasons for discontinuing. In BTB, as in all cases of irregular bleeding, consider nonfunctional causes, In undiagnose 
persistent or recurrent bleeding, rule out pregnancy or malignancy. If pathology is excluded, time or Change to another produ: 
may suffice. Change to a higher-estrogen OC only when necessary as this may increase thromboembolic risk. Those wit 
history of oligomenorrhea or secondary amenorrhea or without established regular cycles may be anovulatory or amenorrhe 
after discontinuing. Those with such problems should be so informed and other methods encouraged. Post-use anovulatior 
Possibly prolonged, may occur in women without previous irregularities. Higher incidence of galactorrhea and of pituitar 
tumors has been associated with postpill amenorrhea. One study reported 16-fold increased prevalence of pituitary prolactir 
Secreting tumors in patients with postpill amenorrhea when galactorrhea was present. 11. Ectopics: In failures with combinatio 
OCs, the ratio of ectopic to intrauterine pregnancies is no higher than in nonusers. There may be increased risk of ectopic 
after discontinuing. 12. Breast feeding: OCs may decrease quantity and quality of milk. A small fraction of OC steroids appear. 
in milk. Effects if any on child are unknown. If feasible defer OCs until after weaning. 13. /nfertility may occur after discontinuin, 
OCs. While impairment diminishes with time, there is still an appreciable difference in nulliparas aged 25-29 after 30 months 
difference is negligible after 48 months. In nullips aged 30-34 impairment persists to 72 months and is more severe for 2 
year users. In paras aged 25-34, difference is negligible after 30 months. Precautions: Conduct complete history and physica 
prior to OC use and annually thereafter. Include breasts, abdomen, and pelvis, with BP, Pap, and lab tests, Preexisting uterini 
leiomyomata may enlarge. Mental depression may occur; with positive history, observe carefully and discontinue if seriou: 
recurrence. Fluid retention may occur; prescribe cautiously and monitor carefully in convulsive disorders, migraine, asthma 
or cardiac, hepatic, or renal dysfunction. History of jaundice in pregnancy increases risk of recurrence on OCs; observ 
carefully and discontinue if it occurs. Cholestatic jaundice occurred after OC and troleandomycin use, OC/cyclosporin' 
combination may be hepatotoxic. Steroids may be poorly metabolized in liver dysfunction and should be given cautiously 
Tryptophan metabolism may be disturbed and result in pyridoxine deficiency; megaloblastic anemia has been reported. Serun 
folate may be depressed and may be exacerbated in post-OC pregnancy. Advise pathologist of OC use when submittin 
specimens. Endocrine and liver function tests may be altered; repeat abnormal tests after stopping for 2 months. These havı 
been observed: increased BSP retention and other abnormalities in liver function tests: increased Prothrombin and coagulatio! 
factors VII, VIII, IX, X; decreased antithrombin Ill, increased platelet aggregability; increased thyroid-binding globulin leadin, 
to increased circulating total thyroid hormone (PBI, T4); decreased T3 uptake, unaltered free T4, decreased pregnanedia 
excretion, reduced metyrapone response; increased blood transcortin, corticosteroid, triglyceride, phospholipid, reduced serun 
folate; impaired glucose tolerance; altered plasma trace minerals. Influence of prolonged OC use on pituitary, ovarian, adrenal 
hepatic, or uterine function, or on immune response not established. OCs may mask onset of climacteric. Cervical chlamydia 
prevalence is increased; do not assume OC protects against chlamydial PID. /nformation for patients. See patient labeling 
Drug interactions. OC effectiveness may be decreased and more BTB occur with rifampin, isoniazid, ampicillin, neomycin 
penicillin V, tetracycline, chloramphenicol, sulfonamides, nitrofurantoin, griseofulvin, barbiturates, phenytoin, carbamazepine 
primidone, phenylbutazone, analgesics, tranquilizers, antimigraines. OCs may alter effectiveness of oral anticoagulants 
anticonvulsants, tranquilizers, tricyclic antidepressants, antihypertensives, theophylline, caffeine, vitamins, hypoglycemics, 
clofibrate, glucocorticoids, acetaminophen. Adverse reactions: increased risk of the following serious adverse reactions has 
been associated with OCs: thrombophlebitis and thrombosis; pulmonary embolism; arterial thromboembolism; Raynaud's 
disease, myocardial infarction; coronary thrombosis; cerebral thrombosis; cerebral hemorrhage; hypertension; gallbladder 
disease; Budd-Chiari syndrome; benign adenomas and other hepatic lesions, with or without intra-abdominal bleeding, liver 
cancer, congenital abnormalities. There is evidence of association between the following and OCs, though confirmatory studies 
have not been done: mesenteric thrombosis; neuro-ocular lesions, eg, retinal thrombosis and optic neuritis. The following are 
believed drug related: nausea, vomiting, gastrointestinal symptoms, BTB, spotting, change in menstrual flow, dysmenorrhea, 
amenorrhea during and after use, infertility post-OC, edema, chloasma or melasma, which may persist post-OC, breast 
changes (tendemess, enlargement, secretion), weight changes, change in cervical erosion and secretion, endocervical 
hyperplasia, lactation decrease, cholestatic jaundice, migraine, enlarged uterine leiomyomata, allergic rash, mental depression, 
reduced carbohydrate tolerance, vaginal candidiasis, change in corneal curvature (steepening), intolerance to contact lenses. 
Association not confirmed or refuted for: premenstrual-like syndrome, cataracts, libido changes, chorea, appetite changes, 
Cystitis-like syndrome, headache, paresthesia, nervousness, dizziness, auditory disturbances, rhinitis, fatigue, backache, 
hirsutism, scalp hair loss, erythema multiforme or nodosum, hemorrhagic eruption, herpes gestationis, hemolytic uremia, 
malignant hypertension, itching, vaginitis, porphyria, impaired renal function, acute renal failure, sometimes irreversible, PVCs, 
abnormal EKG, pulmonary hypertension, TTP, anemia, pancreatitis, hepatitis, colitis, Crohn's disease, gingivitis, dry socket, 
lupus erythematosus, rheumatoid arthritis, pituitary tumors (eg, adenoma) with amenorrhea and/or galactorrhea after use, 
malignant melanoma, endometrial, cervical, breast, and bile duct carcinoma. Acute overdosage: Serious ill effects have not 
been reported after large acute doses of OCs in young children. Nausea and withdrawal bleeding might occur. Important note: 
Complete prescribing information should be consulted prior to use and is available on request. 
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infections caused by Candida species. 
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Management of women with one abnormal oral glucose 
tolerance test value reduces adverse outcome in pregnancy 


Oded Langer, MD, Akolisa Anyaegbunam, MD, Lois Brustman, MD, and. 


Michael Divon, MD 
Bronx, New York 


In this study we sought to test the hypothesis that treatment of women with one abnormal oral glucose 
tolerance test value will result in reduction of adverse outcome. One hundred twenty-six women with one 
abnormal oral glucose tolerance test value and 146 women in the control group (normal oral glucose 
tolerance test values) participated in a prospective study during the third trimester of pregnancy. The 
subjects with one abnormal tast result were randomized into treated (group 1) and untreated groups 
(group Il). Group 1 subjects were treated with a strict diabetic protocol to maintain tight glycemic control by 
means of diet and insulin therapy. Group 2 subjects tested their capillary blood glucose for a baseline 
period. The study revealed that the level of glycemic contro! was similar before initiation of therapy (mean 
capillary blood glucose 118 + 14 vs. 119 + 15 mg/dl, p = NS) for groups 1 and 2, respectively. There 
was a significant difference in mean capillary blood glucose (95 + 10 vs. 119 + 15 mg/dl, p < 0.0001), 
preprandial, and postprandial determinations between the treated and untreated groups. The overall 
incidence of neonatal metabolic complications (4% vs. 14%, p < 0.05) and large infants (6% vs. 24%, 

p < 0.03) was significantly lower in the treated group. Comparison between the control (normal oral 
glucose tolerance test) and the untreated groups showed a significantly higher incidence of large infants 
and metabolic complications. No difference was found between the normal and treated groups. Thus we 
conclude that treatment of individuals with one abnormal oral glucose tolerance test value will result in 
significant reduction in adverse outcome in pregnancy. (Am J OssteT GYNECOL 1989;161:593-9.) 


Key words: Treatment, oral glucose tolerance test, one abnormal value, pregnancy outcome 


Controversy exists with regard to the precise criteria 
for diagnosis of gestational diabetes mellitus. The most 
accepted forms are the World Health Organization cri- 
teria in Europe and the National Diabetes Data Group 
in the United States, which were recognized at two in- 
ternational gestational diabetes conference workshops 
in 1979 and 1984.'? At least two values on the oral 
glucose tolerance test (GTT) must be abnormal to di- 
agnose gestational diabetes mellitus. Previously we 
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tested the hypothesis that women with one abnormal 
oral GTT value are at higher risk for adverse outcome 
in pregnancy. It was demonstrated that these women 
are metabolically (glucose levels) similar to patients with 
gestational diabetes (NDDG). In addition, the group 
with one abnormal test result had a high incidence of 
neonatal morbidity (mainly macrosomia and metabolic 
complications).’ Recently our finding of an increased 
risk of fetal macrosomia in patients with one abnormal 
value on their oral GTT results was confirmed by 
other investigators.’ Thus these women are the closest 
“model” for untreated gestational diabetics diagnosed 
by the National Diabetes Data Group criteria. In this 
study we sought to test the hypothesis that treatment 
of women with one abnormal value (oral GTT) will 
result in reduction of adverse outcome. 

Three objectives were identified to initiate investi- 
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Table I. Patient characteristics 
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Group I: 


Maternal age (yr) 31 + 5* 
Nulliparous women (% and No.) 29 (18) 
Race (% and No.) 

Black 30 (19) 

Hispanic 33 (21) 

White 36 (23) 
Gestational age at screening (wk) 2723 
Screening <140 mg/dl (% and No.) 16 (105 
Gestational age at diagnosis (wk) 31+ 3 
Obesity (% and No.) 38 (24} 
Family history of diabetes (% and No.) . 25 (16) 
Previous LGA infant (% and No.) 29 (18) 
Previous stillbirth (% and No.) 5 (8) 








Treated (n = 63) 










Group 2: 
Untreated (n = 63) 


Group 3: 
Control (n = 146) 





28+ 6 27+ 5 <0.005 
32 (20) 27 (39) 
33 (21) 30 (44) _ NS 
33 (21) 34 (50) NS 
33 (21) 36 (53) NS 
27 +2 28+5 NS 
14 (9) 100 (146) — 
313 32 t4 NS 
` 41 (26) 30 (44) NS 
22 (14) 28 (41) NS 
29 (18) ` 9* (13) <0.002 
5 (3) 2 (3) NS 





LGA, Large-for-gestational-age. 
*Group | versus groups 2 and 3. 


gation of this hypothesis: (1) to determine the glycemic 
profile in treated and untreated women with one ab- 
normal value, (2) to ascertain the relationship between 
maternal and neonatal outcome in untreated and 
treated women with one abnormal value, and (3): to 
compare pregnancy outcome in normal women and 
women with one abnormal value. 


Material and methods 


Identification of study population. At our medical 
center all pregnant women are routinely screened for 
gestational diabetes between 24 and 28 weeks’ gesta- 
tion. Screening consists of a 50 gm oral glucose load. 
If the 1-hour plasma glucose value is = 130 mg/dl, the 
patient is scheduled for a full 3-hour oral GTT. To 
assure consistency in testing procedure, all women are 
instructed to add 150 gm of carbohydrate to their usual 
meals for each of 3 days before the oral GTT. Inter- 
pretation of oral GTT results was made in accordance 
with the criteria established by the National Diabetes 
Data Group.’ Patients are instructed to fast for 12 hours 
(overnight) before the test. The test is initiated between 
8:30 and 9:00 aM. 

Study design. Two hundred seventy-two women par- 
ticipated in this prospective study during the third 
trimester of pregnancy. The study group consisted of 
126 patients with one abnormal value on their oral 
GTT. Written and informed consents were obtained 
from all subjects. They were randomized into treated 
(group 1) and untreated (group 2) groups. For the pur- 
pose. of the study, women with screening results of 
<140 mg/dl (which are considered normal screening 
results according to the National Diabetes Data Group 
and the: American College of Obstetricians and Gyne- 
cologists technical bulletin No. 92, May 1986) and nor- 
mal oral GTT (all normal values) served as the control 
(group 3). l 

Biood glucose evaluation. All women with one ab- 


normal value monitored their capillary blood glucose 
seven times a day with a memory-based reflectance me- 
ter to ascertain accurate and reliable data. Group | 


‘(treated subjects) was assigned to treatment modality 


in accordance with our diabetic management protocol. 
Briefly, diet treatment was determined by consideration 
of body mass index before pregnancy. For obese pa- 
tients (defined as body mass index =27) 25 kcal/kg 
and for nonobese (body mass index <27) subjects, 
30 kcal/kg was prescribed. 

The insulin dose was calculated based on 0.7 U of 
insulin per kilogram of body weight measured in preg- 
nancy. Human insulin was administered by multiple 
insulin injection regimen. The standard formula for 
the amount of insulin prescribed was two thirds of all 
insulin in the morning (2:1, intermediate-acting/reg- 
ular insulin) and one third in the evening (1:1, regu- 
lar/intermediate-acting). All subjects were treated with 


` a strict diabetic protocol to maintain tight glycemic con- 


trol (95 mg/dl). When diet therapy could not achieve 
this goal, insulin therapy was initiated.®” Group 2 (un- 
treated) subjects were instructed to continue their ha- 
bitual eating patterns. They also were required to test 
their capillary blood glucose for a baseline period of 4 
weeks, T 

Outcome evaluation criteria 

Maternal. Selected variables (e.g, age, obesity, 
hypertensive disorder) associated with large infants 
were evaluated. Hypertensive disorders included 
pregnancy-induced hypertension and chronic hyper- 
tension. Pregnancy-induced hypertension was diag- 
nosed by the presence of proteinuria (>0.5 gm/24 hr), 
blood pressure >140/90 mm Hg or mean arterial pres- 
sure >104 mm Hg. Chronic hypertension was defined 
as blood pressure >140/90 mm Hg on two separate 
occasions 6 hours apart, mean arterial pressure >104 
mm Hg during the first trimester, or both. The cesarean 
section. rate between the groups was compared. 
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Table II. Oral GTT result 


Management of one abnormal value reduces adverse outcome 595 















Group 1: 
Treated (n = 63) 


Screening result (mean + SD) 157 + 21 
Oral 'GTT result (mg/dl) 
Fasting 93 + 8 
1 hr 185 + 16 
2 hr 156 + 18 
3 hr 116 + 25 


Untreated (n = 63) 












Control. (n = 146) 


150 + 16 121 + 15* <0.0001 

90 +11 > 86 +9 <0.0001 
18] + 28 148 + 25 <0.0001 
157 + 18 123 + 23 <0.0001 





lll + 26 107 + 24 NS 


Table III. Ambulatory glycemic profile before and after initiation of treatment 








Group I: Treated (n = 63) 














Baseline 


Basline period (no. of days) 12+6 

Fasting (mg/dl) 100 + Il 
Preprandial (mg/dl) 103 + 11 
Postprandial (mg/dl) 130 + 13 
Mean capillary blood glucose (mg/dl) 118 + 14 


period only 







In 
treatment 


Group 2: Untreated 
(n = 63) (baseline period only) 





7348 20+ 6 

84 + 9* 102 + 12 
86 + 9* 105 + 12 
106 + 10* 131 + 13 
95 + 10* 119 + 15 





*p < 0.0001, baseline period versus in treatment. 


Neonatal. Infants were considered large for gesta- 
tional age if their birth weights were = the 90th per- 
centile and small for gestational age when their birth 
weights were = the 10th percentile for a given gesta- 
tional age.* 

Hypoglycemia was defined as blood glucose <35 
mg/dl,’ and was evaluated in all study patients in the 
delivery room by Dextrostix. Low blood glucose levels 
were confirmed in the laboratory by the glucose oxidase 
method. Infants of women in the control group were 
tested only for symptoms of hypoglycemia. Other 
metabolic abnormalities included hyperbilirubinemia 
(bilirubin >12 mg/dl), hypocalcemia (calcium <7.5 
mg/dl), and polycythemia (central venous hematocrit 
>65%). Admissions to the neonatal intensive care unit 
exceeding 24 hours and cases of respiratory distress 
syndrome were recorded. 

Method of analysis. For purposes of analysis, data on 
the patients with one abnormal value were divided into 
two periods: period 1 (baseline before treatment) and 
period 2 (from initiation of treatment to delivery). Fur- 
ther analysis compared pregnancy outcome between 
the three groups. Categorical data were evaluated with 
x’ analysis and Fisher's exact test; continuous data were 
analyzed with Student's ¢ test. Pearson’s correlation co- 
efficient was calculated for the relationships between 
level of glycemia and neonatal weight (birth percentile). 


Results 

Patient characteristics. During the l-year study pe- 
riod, 3560 women underwent glucose screening; 2919 
(82%) had normal results. Of the remaining 641 


women with abnormal screening results, 93 had ges- 
tational diabetes, 126 had one abnormal value (groups 
l and 2), and 422 had normal oral GTT results. Of the 
latter group, 146 women had screening results <140 
mg/dl (group 3, control). As shown in Table I, no sig- 
nificant difference in maternal age was found between 
the untreated and control groups. The treated patients 
were significantly older than the former two groups 
(p < 0.005). In this group, 65% (41 of 63) were diet- 
treated and 35% (22 of 63) required insulin therapy to 
achieve good glycemic control. A comparison of se- 
lected maternal characteristics of the three groups in- 
cluded race, parity, obesity, gestational age at screening 
and diagnosis, and revealed no statistically significant 
differences. In contrast, the subjects with one abnor- 
mal test result (groups l and 2) had an approxi- 
mately fivefold greater history of previous macrosomia 
(p < 0.009) and a twofold higher incidence of previous 
stillbirth (p < 0.01). 

Screening and oral GTT results. The screening and 
oral GTT results of group 3 women were significantly 
lower than those of groups 1 and 2. No difference was 
found between groups l and 2 (Table Il). Within 
groups 1 and 2 the proportion of women with one 
abnormal value was 6% at fasting, 49% at 1 hour, 27% 
at 2 hours, and 10% at 3 hours. 

Ambulatory glycemic profile 

Period I. Table III shows the level of glycemia during 
the baseline period before initiation of treatment be- 
tween groups 1 and 2. No significant difference was 
found in capillary mean blood glucose between the 
groups. In general, the postprandial values were higher 
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FAST 2Hr L 2H: S.. 2Hr B 


Fig. 1. Ambulatory level of glycemia after initiation of treatment. L, Lunch; S, supper; B, bedtime; 
_2Hr, postprandial. ' yo oS i S 


than the preprandial values, with an overall mean for 
the individuals with’ one abnormal’ test. result of 
- 119 + 15 mg/dl ai 


Period II. Evaluation of ambulatory glycemic profile’ 


in group 2 before and after initiation of treatment is 
displayed in Fig. 1. The analysis revealed that the mean 
blood glucose level decreased significantly after treat- 
„ment initiation. The fasting capillary blood glucose 
level was 102 + 12 mg/dl before treatment and re- 
duced significantly after treatment (84 + 9 mg/dl). ' 


` Further evaluation comparing the mean blood glu- 
cose before and after treatment for the preprandial and `’ 


postprandial determinations demonstrated significant 
reduction in blood glucose values (Table III). 
Pregnancy outcome. A summary of maternal and neo- 


natal pregnancy outcome appears in’ Table IV. Overall,- 


93% of the patients were delivered after 37 weeks, with 
no significant difference in the rate of prematurity be- 


tween the groups. From all the selected maternal com- . l 


plications that were analyzed, the only significant dif- 
ference was found in maternal weight gain between 
group 2 and the other two groups. In contrast, the 
weight change in the treated and the control individuals 
„was similar. Infants were similar with respect to. ges- 
‘tational age at delivery, with a mean of 39 weeks for 
.all patients. The mean birth weights for.the three 


groups were similar, but for group 1 a 161 gm differ- 


ence in mean weight was found when compared with 
the untreated group. This difference was marginally 
significant (p = 0.06)..Respiratory distress syndrome 
was documented for only 3.2% of all neonates, reflect- 

















C/ UNTREATED 
“TREATED 


ing a range of 3% to 5% for the three groups. The 
overall incidence for metabolic complication was sig- 
nificantly higher in group 2 when compared with 


` groups l and2 (3%, vs. 13%, p < 0.04). Hyperbiliru- 


binemia was documented in 15%. of group 2 and in 


'_ approximately 5% of group 1 and 3 subjects. In group 


2, polycythemia affected 14% of the neonates; hypo- 
glycemia occurred in 12%. These findings were signif- 
icantly higher in comparison to the other groups. 

` The incidence of large infants is displayed in Fig. 2. 


’ Significantly fewer appropriate-for-gestational-age in- 


fants were delivered of. patients from group 2 com- 


“pared with group 1 or 3. Of the total large-for- 


gestatiorial-age infants, 82% were macrosomic infants 


with a similar proportion for each of the three groups. 


Additional analysis (Mantel-Haenszel test) of the data 
was done. to determine the relative risk between the 
groups. The relative risk for large-for-gestational-age 
infants. between groups | and 2 was 4.61 (95% confi- 
dence interval, 1.44 to 14.81). Comparison between the 
untreated (group 2) and control (group 3) showed a 
relative’ risk of 2.22 (95% confidence interval, 1.04 to 
4.76). There was no significant relative risk for large- 


'for-gestational-age infants between the control and the 


treated groups. 
The relationship between maternal obesity and large 


` infants-is displayed in Fig. 3. When obese and nonobese 


mothers were compared within each group, no signif- ` 
icant difference was found in the incidence of large 


infants. However,-obese women in the untreated group 


had a relative risk of 9.1 in comparison with obese 
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Fig. 2. Association between overall incidence of LGA infants (darkened area) and macrosamic (shaded 


area) infants among three groups. 


Table IV. Pregnancy outcome 





Group I: Group 2: roup 3: 
Treated (n = 63) Untreated (n = 63) Contral (n = 146) 
Maternal 
Gestational age at delivery (wk) 39 + 2 39 +1 40 + 2 NS 
Weight gain (kg) 3a4 15 + 6* 13 + 6 <0.03 
Primary cesarean section (% and No.) 10 (6) 11 (7) 12 (18) NS 
Repeat cesarean section (% and No.) 5 (3) 6 (4) 6 (9) NS 
Hypertensive disorder (% and No.) 3 (2) 5 (3) 7 (10) NS 
Neonatal 
Birth weight (gm) (mean + SD) 3261 + 496 3422 + 584 3390 + 540 NS 
SGA (<10th percentile) 10 (6) 6 (4) 10 (15) NS 
LGA (>90th percentile) 6 (4) 24* (15) 12 (18) <0.03 
Prematurity (<37 wk) (% and No.) 6 (4) 6 (4) 8 (12) NS 
Hypoglycemia (<35 mg/dl) (% and No.) 2 (1) 13 (8) 5 (8) <0.02 
Hyperbilirubinemia (>12 mg/dl) (% and No.) 6 (4) 14 (9) 4 (6) NS 
Polycythemia (>65%) (% and No.) 2 (1) 14 (9) 3 (4) <0.02 
Neonatal intensive care admission (% and No.) 6 (4) 11 (7 5 (7) NS 








*Group 2 versus group | and group 3. 


women in the treated group (95% confidence interval, 
1.04 to 80.9) for large-for-gestational-age infants. 
Finally, the association between level of glycemia and 
neonatal size was evaluated. For groups | and 2, positive 
correlations were found between birth percentile and 


overall mean capillary blood glucose, preprandial ` 


and postprandial determinations (r = 0.30, p < 0.01; 
r = 0.40, p < 0.005; r = 0.36, p < 0.004, respectively). 


Comment 


The results of this randomized study provide insight 
into several key issues central to the continuing con- 


troversy surrounding the precise definition of gesta- 
tional diabetes. For example, the glycemic profile of the 
treated and untreated patients with one abnormal oral 
GTT value were significantly different, suggesting that 
a single glycemic abnormality may herald a pattern sim- 
ilar to the well-established profile for an accepted case 
of gestational diabetes.*? The significant differences 
between neonatal outcome variables and the overall 
effect reflected in the significant relative risks for large 
infants in treated compared with untreated and control 
patients further underscores the importance of a single 
abnormal oral GTT result. 
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Fig. 3. Incidence of large infants in obese (shaded area) and nonobese (darkened area) women among 


three groups. 


Previous studies of treated patients with gestational 
diabetes report a relatively high incidence of large in- 
fants. Furthermore, in a recent study comparing the 
World Health Organization and National Diabetes Data 
Group criteria, in which the latter served as the control 
(untreated), it was found that the incidence of large 
infants in the “control” was 28%." In this investigation, 
although the overall mean birth weight was not signif- 
icantly different between the groups, the incidence of 
large infants in the untreated group with one abnormal 
result parallels that expected from gestational diabetes. 
Thus it again suggests the congruence between the pa- 
tients with one abnormal oral GTT with those patients 
with gestational diabetes mellitus who meet the Na- 
tional Diabetes Data Group criteria. 

The inconsistent findings reported with regard to the 
association between level of glycemia and perinatal 
mortality and morbidity are the result of lack of uni- 
formity in research methodology. The majority of stud- 
ies were retrospective, The outcome was subject to the 
bias of clinical intervention (patient advised to modify 
her diet) in response to “borderline” oral GTT. 

Few studies have concurrently included a nondiabetic 
control group. When a prospective design was used, 
randomization was not performed to measure the ef- 
fect of intervention. There also was inconsistency in the 
definition of large infants. Some researchers used the 
90th percentile standard growth curve, whereas others 


defined large infants as >4000 to 4500 gm." These’ 


diverse factors have resulted in a wide variation in the 
reported prevalence of large infants. 

The findings between the treated and untreated 
groups were significantly different. Therefore the high 
prevalence of unrecognized mild maternal hypergly- 
cemia in the “normal” population (one abnormal result) 
may represent a group of patients with false-negative 
results or undiagnosed diabetes as suggested by the 
higher than expected incidence of large infants. 

No association was discovered between the maternal 
variables evaluated and large infants. Although unex- 
plained, the significantly older mean age of the treated 
group should have only contributed to more adverse 
outcome, which was not observed. Although advanced 
maternal age can be a factor contributing to macro- 
somia, it did not bias our result. 

Contrary to the findings of other investigators* '? who 
found an increased risk of preeclampsia, the incidence 
of hypertensive disorder was similar in the control and 
study groups. Thus it casts doubt on the relationship 
between level of glycemia and preeclampsia and women 
with a comparatively mild degree of hyperglycemia. 

The data did not show any difference in maternal 
morbidity between the three study groups. Maternal 
weight gain was the single variable that showed a sig- 
nificant difference in the untreated group. This finding 
can be explained by the uncontrolled level of hyper- 
glycemia. 

There was a comparable rate of cesarean section 
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among the groups. Cesarean section as an outcome 
variable can reflect bias introduced by the liberal policy 
in many institutions with regard to method of delivery 
of the macrosomic infant. Future studies with a larger 
data base are needed to determine whether women with 
one abnormal oral GTT value are at greater risk for 
cesarean section. 

The data we have presented strongly support the 
need to continue to refine the criteria for gestational 
diabetes. These findings conclusively demonstrate that 
neonatal morbidity can be substantially improved if 
treatment is provided the patient with just a single ab- 
normal oral GTT value. 
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Routine umbilical cord blood gas determinations? 


James A. Thorp, MD, Jone E. Sampson, MD, Valerie M. Parisi, MD, MPH, and 
Robert K. Creasy, MD 


Houston, Texas 


Between 1986 and 1988, 1924 term nulliparous patients with spontaneous onset of labor were studied to 
assess the importance of obtaining umbilical cord blood gas levels on all deliveries. The umbilical cord 
arterial and venous pH values (expressed as mean + 2 SD) were 7.24 + 0.14 (n = 1694) and 

7,32 + 0.12 (n = 1820), respectively. The incidence of newborn depression (1- or 5-minute Apgar score 
<7) was 14.1%; of these depressed newborns, the incidence of normal umbilical cord arterial pH values 
(=—2 SD) was 77.8%. Of the vigorous newborns, there was a 2.1% incidence of umbilical cord arterial 
blood acidemia. Umbilical cord arterial blood acidemia in vigorous newborns was not highly predictive of 
specific morbidity in the immediate newborn period. Regression analysis demonstrated the umbilical cord 
arterial pH to correlate best with the Apgar scores when compared with all other arterial or venous blood 
gas meaurements. We reached the following conclusions: (1) that obtaining cord arterial pH values in 
vigorous newborns should be considered since the values will provide objective documentation or normal 
fetal acid base balance in 98% of infants. (2) Only a cord arterial pH determination is recommended since 
it reflects fetal or newborn status more accurately than all other measurements. Additional measurements 
increase the likelihood of abnormal results and do not contribute to neonatal management. (3) An umbilical 


cord blood pH value is extremely useful in ruling out the diagnosis of birth asphyxia in the depressed 


newborn. (AM J OssTET GYNECOL 1989;161:600-5.) 


Key words: Umbilical cord blood pH, umbilical cord blood gas, vigorous newborn 


Birth asphyxia is a relatively rare cause of major neu- 
rologic morbidity in children, despite the fact that it is 
the most commonly alleged cause in the courtroom. 
Recent studies estimate that less than 8% of cerebral 
palsy in children is actually related to birth asphy- 
xia." * Newborn depression is not a specific indicator of 
birth asphyxia. In fact, newborn depression has many 
diverse causes, including maternal drug ingestion, 
trauma, neonatal manipulation, congenital anomalies, 
prenatal fetal insults, prematurity, and finally, birth as- 
phyxia, which is a relatively minor contributor. It ‘is 
generally agreed that umbilical cord blood acidemia is 
the most sensitive indicator of birth asphyxia at the time 
of delivery. Most authorities agree that it is extremely 
important to obtain umbilical cord blood pH samples 
in the presence of newborn depression since it will rule 
out birth asphyxia in approximately 80% of cases.’ 
However, the value of umbilical cord blood pH and gas 
measurement in the vigorous newborn is not clearly 
established. The purpose of this study was to assess the 
value of umbilical cord pH and gas measurements in 
the vigorous newborn. 
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Material and methods 


Between 1986 and 1988, 1924 term nulliparous pa- 
tients with spontaneous onset of labor, cephalic pre- 
sentations, and singleton gestations were included in 
this study. We selected these patients to minimize the 
confounding variables of gestational age, abnormal 
presentations, multiple gestations, and parity. In ad- 
dition, we chose to study only nulliparous patients since 
it is known that they have different mean cord blood 
pH values than multiparous patients.** All of these 
patients’ labors were managed according to the prin- 
ciples of active management of labor. Labor was di- 
agnosed by regular painful uterine contractions and 
cervical effacement, and was usually accompanied by 
either bloody show or rupture of membranes. Patients 
who were seen with fetal distress were not included in 
this study. After the diagnosis of labor was established, 
amniotomy was performed. If 2 cm of cervical dilata- 
tion did not occur within 2 hours of amniotomy, oxy- 
tocin augmentation was initiated. Oxytocin was admin- 
istered by controlled intravenous infusion (model 960, 
IMED Corp., San Diego, Calif.) of 20 units of oxytocin 
diluted in 1 L of lactated Ringer’s solution. Infusion 
was begun at 4 mU/min, increased by 4 mU/min every 
15 minutes, and did not exceed a maximum dose of 36 
mU/min. If uterine activity exceeded a frequency of 
seven contractions in 15 minutes, the oxytocin infusion 
rate was not increased, and possibly decreased. Con- 
tinuous electronic fetal monitoring was performed in 
all patients. 
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Arterial and venous umbilical cord blood samples 
were obtained immediately after delivery and were 
placed on ice. Prepackaged, preheparinized 3 ml sy- 
ringes (Marquest Medical products, Englewood, Colo.) 
were used to obtain a consistent preparation and con- 
centration of heparin. Umbilical cord arterial and ve- 
nous pH and gas measurements were performed 
routinely on all deliveries if possible. The blood gas 
analyzer (IL-1312, Instrumentation Laboratory, Lex- 
ington, Mass.) measured pH, Pco,, and Po, and cal- 
culated bicarbonate and base deficit. Cord blood gas 
analysis was routinely performed in a satellite labora- 
tory, within 15 minutes of delivery under the super- 
vision and direction of the Department of Pathology. 
In this study the 705 patients from 1986 and the 500 
patients from 1988 had only umbilical cord pH values 
recorded in our investigational data base, whereas the 
719 consecutive patients from 1987 also had the re- 


mainder of the gas measurements recorded. A “vig- 


orous” newborn was defined as a newborn with normal 
Apgar scores (27 at 1 and 5 minutes). A depressed 
newborn was defined as a newborn with a l- or 
5-minute Apgar score of <7, Acidemic arterial and 
venous cord pH values were defined statistically as 
those being =2 SD below the mean for our population. 
Analysis of variance for the regression was performed 
with the Apgar score as the dependent variable, and 
each of the umbilical cord blood gas measurements, 
separately, as the independent variable. The 1-minute, 
5-minute, and a combined l- and 5-minute Apgar 
scores were used as the dependent variable in separate 
analyses. The umbilical arterial-venous difference of 
each of the gas measurements were also assessed as 
separate independent variables. Isolated respiratory ac- 
idemia in the umbilical cord arterial blood was defined 
by the following measurements: pH = —2 SD, Pco, = 
+.2 SD, and a base deficit = mean. Isolated metabolic 
acidemia in umbilical cord arterial blood was defined 
by the following measurements: pH = —2 SD, base def- 
icit = +2 SD, and a Pco, = mean. Although these def- 
initions are arbitrary, they represent an accepted sta- 
tistical standard for evaluation of a population with a 
normal Gaussian distribution. A microcomputer and 
appropriate software were used for assistance with the 
data base and statistical analyses (IBM PC XT, Sym- 
phony, Lotus Development Corp., Cambridge, Mass.; 
Abstat, Anderson-Bell, Parker, Colo.; SPSS, SPSS Inc., 
Chicago). 


Results 


Of the 1924 term nulliparous patients, 1919 had in- 
fants with 1- and 5-minute Apgar scores recorded on 
their medical charts. The 1-minute Apgar score was <7 
in 268 newborns (14.0%), and the 5-minute Apgar 
score was <7 in 27 newborns (1.4%). The l- or 5- 
minute Apgar score was <7 in 270 (14.1%), and the 1- 


Significance of cord pH in vigorous newborn 601 


Table I. Umbilical cord blood 
gas measurements* 


Umbilical cord artery 
pH 7.24 + 0.07 (n = 1694) 
PCO, (mm Hg) 56.3 + 8.6 (n = 652) 
Po, (mm Hg) 17.9 + 6.9 (n = 651) 
Bicarbonate (mEq/L) 24.1 + 2.2 (n = 652) 
Base deficit (mEq/L) 3.6 + 2.7 (n = 652) 


Umbilical cord vein 
pH 7.32 + 0.06 (n = 1820) 
Pco, (mm Hg) 43.8 + 6.7 (n = 680) 
Po, (mm Hg) 28.7 + 7.3 (n = 680) 
Bicarbonate (mEq/L) 22.6 + 2.1 (n = 680) 
Base deficit (mEq/L) 2.9+2.4 (n = 680) 





+All values listed as mean + SD. 


and 5-minute Apgar score was <7 in 25 of 1919 new- 
borns (1.3%). The umbilical cord arterial pH (mean + 
SD) was 7.24 + 0.07 (n = 1694), and the venous pH 
(mean + SD) was 7.32 + 0.06 (n = 1820). The re- 
mainder of the umbilical cord arterial and venous blood 
gas measurements are listed in Table I. In Table I, the 
n for the gas measurements other than the pH values 
is smaller since these values were only recorded on the 
1987 portion of the investigational data base. 

The frequencies of normal pH values with various 
combinations of abnormal Apgar scores are listed in 
Table II. The majority of depressed newborns (as pre- 
viously defined) had normal umbilical cord blood pH 
values. Normal umbilical cord arterial pH values oc- 
curred in 77.8% (210 of 270) of depressed newborns 
as defined by a 1- or 5-minute Apgar score of <7. Table 
III demonstrates frequencies of umbilical cord and 
blood acidemia (variously defined) in vigorous new- 
borns. There was a 2.1% incidence of cord arterial ac- 
idemia (7.10), 3.0% incidence of cord venous acide- 
mia (€7.20), and 4.0% incidence of cord arterial or 
venous acidemia. There was a twofold greater risk 
(p < 0.005) of finding umbilical cord blood acidemia 
in the vigorous newborn if both arterial and venous 
samples were considered (Table III). 

Analysis of variance of the regression demonstrated 
cord arterial pH to correlate best (albeit poorly) with 
the Apgar scores, regardless of whether the 1-minute, 
the 5-minute, or a combination of both scores was used 
as the dependent variable. There was no combination 
of other arterial or venous pH/gas measurements, in- 
cluding the arterial-venous differences, that could ap- 
proach the correlation of the umbilical cord arterial pH 
to the Apgar scores. Table IV demonstrates the cor- 
relation coefficient (r values), the F test for the analysis 
of variance for the regression, and the p values for each 
respective cord blood gas parameter in correlating with 
the l-minute Apgar score. In Table IV, the umbilical 
cord gas measurements are listed in order of decreasing 
correlation with the 1-minute Apgar score. Similar re- 
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Table II. Frequency of normal umbilical cord pH values in newborns with abnormal Apgar scores* 


1 min 5 min l or 5 min 
Apgar score <7 Apgar score <7 Apgar score <7 


Normal umbilical cord 208/244 
arterial pH (85.2%) 
Normal umbilical cord 221/256 
venous pH (86.3%) 
Normal cord arterial pH 198/240 
and venous pH (82.5%) 


1 and 5 min 
Apgar score <7 


14/22 210/270 12/20 
(63.6%) (77.8%) (60.0%) 
15/24 993/258 13/22 
(62.5%) (86.4%) (59.1%) 
13/21 200/242 11/19 
(61.9%) (82.6%) (57.9%) 








*Normal umbilical cord pH values are defined as those values > —2 SD. 


Table III. Frequency of umbilical cord blood 
acidemia in newborns with normal 
Apgar scores* 


No. affected! 
total No. | % 





Abnormal umbilical arterial pH ($7.10) 35/1690 2.1 
Abnormal umbilical venous pH ($7.20) 54/1816 3.0 
Abnormal arterial or venous pHt 68/1682 4.0 


Abnormal arterial and venous pH 21/1682 1.2 





*Normal Apgar scores are defined as 1- and 5-minute scores 
of =7. Abnormal pH values are defined as a value that is = 2 
SD below the mean. 


{There isa significant difference (p < 0.005) between. these 
frequencies by x? analysis. 


lationships were observed with the 5-minute, or a com- 
bination of the 1- and 5-minute Apgar score when used 
as the dependent variable. Use of the combined 1- and 
5-minute Apgar score yielded the best correlation co- 
efficient (increase of 5%). The umbilical cord arterial 
pH, although correlating the best, still had a poor cor- 
relation (correlation coefficient = 0.31). 

The majority of newborns with umbilical cord aci- 
demia had a combination of metabolic and respiratory 
components. Isolated metabolic acidemia occurred in 
only 1 of 652 newborns. There were no cases of isolated 
respiratory acidemia among 652 newborns who had no 
missing arterial gas values. When the definition of iso- 
lated respiratory acidemia was broadened (pH = —2 
SD; Pco, = 2 SD; base deficit = +1 SD), it remained 
an unusual event (l'of 652). 

Charts of all 35 of the 1690 vigorous newborns with 
umbilical cord arterial acidemia were reviewed. The 
mean umbilical cord arterial pH was 7.07 + 0.03 
(mean + SD, n = 35). None of the 35 acidemic vig- 
orous newborns or the 1655 nonacidemic vigorous 


newborns required admission to the neonatal intensive - 


care unit. There was a significantly greater proportion 
(p = 0.01) of the acidemic vigorous newborns who re- 
quired admission to the special care nursery (3 of 35, 
8.6%), compared with the nonacidemic vigorous new- 
borns (21 of 1655,:1.3%). One of the newborns was 
subsequently diagnosed as having a cardiac malfor- 


mation (transposition), and the arterial cord blood 
bases values were as follows: pH, 7.10; Pco,, 68; Pos, 
13; bicarbonate, 22; and base deficit, 9. Another infant 
had a neonatal seizure at 8 hours of life, and a cerebral 
hemorrhage, consistent with the diagnosis of birth as- 
phyxia. The cord arterial blood gas values of this infant 
were as follows: pH, 7.08; PCO», 74; Pos, 15; bicarbon- 
ate, 22; and base deficit, 9. The third infant had me- 
conium aspiration syndrome; the cord arterial gas val- 
ues were as follows: pH, 7.07; PCO, 63; Po, 13; bi- 
carbonate, 19; and base deficit, 12. The duration of 
hospitalization for all 35 infants was 2.8 + 1.9 
(mean + SD). There was no culture-documented in- 
fectious morbidity. 


Comment 


Umbilical cord blood pH is generally considered to 
be the most sensitive indicator of birth asphyxia.*:”° As 
demonstrated in previous studies,*” the majority of de- 
pressed newborns (1- or 5-minute Apgar score <7) in 
our study also had normal cord blood pH values (Table 
II), thus ruling out the diagnosis of birth asphyxia, both 
in the delivery room and in the courtroom. The tre- 
mendous importance of obtaining cord blood pH mea- 
surement in the depressed newborn is generally 
recognized*”*; however, the benefit of cord blood pH 
and gas values in the vigorous newborn is not well doc- 
umented. 

Our data are consistent with previous studies and 
demonstrate a small percentage of vigorous newborns 
with significant umbilical cord arterial acidemia. The 
cause of this acidemia in vigorous newborns is contro- 
versial. Some authors speculate that it may be of ma- 
ternal origin.'* '' However, others provide convincing 
evidence that it may result from intrapartum asphy- 
xia. *° Previous studies suggest that neurologic im- 
pairment caused by birth asphyxia may develop in chil- 
dren with normal Apgar scores.* Brain damage by birth 
asphyxia in the monkey may be quite extensive in brain- 
stem centers, and yet is hardly perceptible clinically.'? 
The degree and duration of asphyxial insult necessary 
to produce brain damage probably varies, depending 
on several factors including fetal reserves, previous 
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Table IV. Correlation of umbilical cord gas measurements and the 1-minute Apgar score (listed in order 


of decreasing correlation) 








Umbilical cord blood 
gas parameter n 
Arterial pH 1690 
Venous pH 1816 
Arterial Pcc, 652 
Venous PCC». 680 
Arterial Po, 651 
Arterial base deficit 652 
Venous base deficit 680 
Venous Po, 680 
Arterial bicarbonate 652 
Venous bicarbonate 680 


Correlation 

coefficient f ratio p value* 
0.31 — 189.0 <0.001 
0.29 169.5 <6.001 
0.27 51.3 <0,001 
0.23 38.3 <0.001 
0.18 22.6 <0.001 
0.18 22.1 <0.001 
0.15 16.2 <0.001 
0.10 7.3 ; <0,001 
0.04 0.9 NS 
0.03 0.5 NS 


*p values and f ratios were obtained by analysis of variance of the regression with Apgar score at 1 minute used as the dependent 
variable and the umbilical cord gas parameter as the independent variable. The 5-minute Apgar score, or addition of the Apgar 
scores, yielded similar relationships; the addition of the Apgar scores improved the correlation coefficient by approximately 5%. 


aphyxial insults, glucose loading or starvation, the met- 
abolic status at the time of the insult, and the perfusion 
of the brain.’ Studies in the fetal monkey have sug- 
gested that total anoxia in excess of 10 to 12 minutes 
will result in a neuropathologic state.“ However, partial 
hypoxia with acidemia must be present for at least 2 
hours before neuropathologic damage can be antici- 
pated." The finding that one of our acidemic vigorous 
newborns (Apgar scores of 7 and 9 at 1 and 5 minutes, 
respectively) had birth asphyxia is also consistent with 
these observations (i.e., birth asphyxia may occur in a 
newborn vigorous in the first minutes of life). 
Umbilical cord blood acidemia in the vigorous new- 
born was not highly predictive of a specific morbidity 
in the early newborn period. Contrary to popular opin- 
ion, cord blood acidemia in the vigorous newborn did 
not predict newborn sepsis in our study. However, three 
of 35 acidemic vigorous newborns had significant mor- 
bidity in the early newborn period. Although acidemia 
was poorly predictive of nonspecific morbidity and pro- 
vided supporting evidence for the diagnosis of birth 
asphyxia in one vigorous newborn, the clinical benefit 
derived from umbilical cord blood acidemia in the vig- 
orous newborn was limited. It may be speculated that 
of the three acidemic vigorous newborns described, the 
acidemic cord arterial pH could be harmful to the ob- 
stetrician in court in the cases of the infant with me- 
conium aspiration and the infant with early neonatal 
seizures, but probably not in the infant with the cardiac 
anomaly. Similarly, one could speculate that all the aci- 
demic vigorous newborns (2%) could potentially be la- 
beled as asphyxiated in court. It is important to consider 
that the majority of children with neurologic deficits 
are vigorous at birth, and that cord blood acidemia is 
a poor predictor of neurologic deficit at 1 year of life."® 
Unfortunately, a plaintiff’s attorney may allege birth 
asphyxia as the cause of neurologic deficit regardless 
of whether there is an absent cord pH or an acidemic 


cord pH on the medical record. The vulnerability of 
the obstetrician would depend not only on the acidemic 
cord arterial pH, since that information was obtained 
after delivery, but also on the intrapartum management 
that was based on the fetal heart rate tracing. It should 
be emphasized, however, that obtaining umbilical cord 
arterial pH values in the vigorous newborn will provide 
objective documentation that rules out the diagnosis of 
birth asphyxia in approximately 98% of vigorous new- 
borns. 

Experts in litigation involving potential birth as- 
phyxia suggest that the Apgar score is a very subjective 
evaluation, and may be biased by delivery room staff; 
these opinions are also shared by many physicians.” ”® 
Indeed, the only Apgar parameter with an objective 
end point is the pulse; the others (respiratory effort, 
muscle tone, reflex irritability, and color) are subjective. 
The Apgar scores are assigned by delivery room staff, 
who may give high scores because of fear of criticism 
from colleagues. In addition, the Apgar scores are often 
assigned retrospectively. In contrast, the cord arterial 
pH is determined by staff outside the department by 
means of a machine that is required to be maintained 
and reviewed by rigorous quality assurance policies. For 
these reasons, an objective measurement of umbilical 
cord pH in the vigorous newborn may be a judicious 
medicolegal practice if performance is impaired in 
postnatal life. 

Previous data in the literature suggest that cord ar- 
terial pH is the most accurate reflection of fetal and 
newborn status when compared with all other cord ar- 
terial and venous blood gas measurements.* 75 11 Y 
This observation is based primarily on correlation of 
blood gas measurements with Apgar scores, in addition 
to anatomic relationships of fetal circulation. Umbilical 
arterial blood, in general, reflects fetal tissue status, and 
umbilical venous blood reflects placental function and 
fetal status. Our study is consistent with the previous 
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literature. There was no combination of, or arterial- 
venous differences between, the pH, Pco,, Pos, bicar- 
bonate, or base deficit values, which correlated with the 
Apgar scores, as well as the cord arterial pH. Also con- 
sistent. with the observations of others®* '' is the very 
poor correlation between the cord blood Po, and the 
fetal status or the Apgar scores. 

Some authorities suggest that the Pco, and base 
deficit may be important in differentiation of respira- 
tory acidemia and metabolic acidemia. Adult respira- 
tory physiology would support the concept that respi- 
ratory acidemia caused by carbon dioxide retention will 
precede a metabolic acidemia caused by hypoxia. Un- 
fortunately, our data and that of others? suggest that 
an isolated respiratory acidemia in umbilical cord blood 
is, extremely rare, and that acidemia is almost exclu- 
sively of mixed respiratory and metabolic origins. We 
arbitrarily chose to define isolated respiratory acidemia 
(pH < —2 SD; Pco, = +2 SD; base deficit = mean) 
and isolated metabolic acidemia (pH = 2 SD; Poo, = 
mean; base deficit = +2 SD) statistically. Even when 
these definitions were broadened, similar findings were 
noted (i.e., the majority of cord blood acidemia was 
mixed, and isolated respiratory acidemia was an absent, 
or unusual finding). Thus it is unlikely that obtaining 
the other gas parameters will demonstrate an isolated 
respiratory acidemia. Therefore, although of academic 
interest, the value of obtaining measurements other 
than the umbilical cord arterial pH may be limited. 

We believe that although our statistical definitions of 
cord blood gas parameters are accurate, they should 
be evaluated for clinical usefulness in large populations. 
Definitions of abnormal fetal cord blood gas parame- 
ters derived clinically rather than statistically may vary 
widely among institutions. These differences in defi- 
nition subsequently do not allow for standardized com- 
parisons of cord gas values among various populations, 
whereas values expressed in SD above or below the 
mean are universally applicable. In addition, we believe 
that the review of both umbilical arterial and venous 
cord blood gases may be clinically useful in certain pa- 
tients by providing insight into the evaluation of intra- 
partum events and the resultant response to neonatal 
resuscitation. 

If an institution chooses to obtain cord pH values in 
all deliveries, the best single parameter is cord arterial 
pH. It is the most accurate reflection of fetal and new- 
born status. Obtaining additional measurements, such 
as a cord venous pH, in the vigorous newborn results 
in a twofold greater chance (p < 0.005) of finding an 
acidemic result (Table III). This rise in frequency of 
acidemia in the vigorous newborn would increase anx- 
iety without providing any additional clinically useful 
information for neonatal management. 

The Apgar score has only a limited correlation with 
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long-term neurologic outcome. An infant with an Ap- 
gar score of 0 to 3 at 5 minutes and =4 at 10 minutes 
has a 99% chance of not having cerebral palsy at 7 years 
of age.” One study found a 12.7% incidence of ab- 
normal neurologic findings at 1 year of age if the 5- 
minute Apgar score was <7, and 1.7% incidence if the 
Apgar scores were normal.” There is a paucity of data 
with regard to the long-term outcome of newborns with 
cord blood acidemia. Initial studies* '® suggest that the 
majority of newborns with cord blood acidemia have 
normal neurologic development. One study of term 
infants with metabolic acidemia at birth demonstrated 
no increased risk of neurologic or developmental prob- 
lems when compared with newborns who had normal 
acid-base values.° Another study found that cord blood 
acidemia in newborns had a poor positive predictive 
value (only 8%) when used to assess adverse outcome 
at 1 year of life.° These observations are further sup- 
ported by a recent study demonstrating that only 8% 
of cerebral palsy in children was possibly related to 
intrapartum asphyxia." ? The majority of neurologic 
lesions miay occur before labor or be unrelated to birth 
asphyxia. Therefore a poor correlation between neu- 
rologic impairment and low Apgar scores or cord aci- 
demia should be expected. Ultrasonography has clearly 
demonstrated significant neurologic lesions in the fetus 
well before the onset of labor. When neurologic deficit 
occurs, lay jurors are easily persuaded to believe that 
minor deviations from the standard of care at birth 
caused the deficit and often support excessive and un- 
warranted awards. Objective cord blood pH measure- 
ments reduce this possibility. 

Cost consideration is certainly a relevant factor. Ex- 
penditure reductions of approximately 86% will occur 
if an institution chooses to selectively obtain cord blood 
studies only when deliveries result in depressed new- 
borns (i.e., only approximately 14% of newborns will 
be depressed). Unfortunately, selective use will inevit- 
ably result in failure to obtain umbilical cord blood pH 
measurement in at least some depressed newborns as 
a result of the anxiety and confusion of emergency 
situations and the lack of an established routine. In our 
institution umbilical cord arterial and venous pH and 
gas measurement have been obtained on all delivertes 
since 1986. We have chosen to charge for this by adding 
a cost of $20 to all deliveries and therefore we do not 
bill separately for this service. This cost might be sig- 
nificantly reduced if a pH analyzer rather than a blood 
gas analyzer were used. 

We derived the following conclusions from this study. 
(1) Obtaining umbilical cord arterial pH values in the 
vigorous newborn should be considered since it will 
provide objective documentation of normal fetal and 
newborn acid-base balance and by inference, metabolic 
status, in 98% of infants. (2) Only a cord arterial pH 
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determination is recommended since it reflects fetal 
and newborm status more accurately than all other 
measurements, and additional measurements increase 
the likelihood of abnormal results, without contributing 
to neonatal management. (3) As others have shown, an 
umbilical cord blood pH is also useful in ruling out the 
diagnosis of birth asphyxia in the depressed newborn. 
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Comparison of six different ultrasonographic methods for 


predicting lethal fetal pulmonary hypoplasia 


Anthony M. Vintzileos, MD, Winston A. Campbell, MD, John F. Rodis, MD, 
David J. Nochimson, MD, Michael G. Pinette, MD, and Boris M. Petrikovsky, MD 


Farmington, Connecticut 


Nomograms of six different ultrasonographic fetal parameters were established by studying uncomplicated, 
singleton pregnancies, with well-established dates, between 16 and 40 weeks of gestation. The studied 
parameters could reflect fetal lung mass and included the following: chest circumference (CC), chest area 
(CA), chest area minus heart area (CA — HA), chest circumference/abdominal circumference ratio 

(CC x 100/AC), chest area/heart area ratio (CA/HA), and chest area minus heart area divided by chest 
area ratio [(CA — HA) x 100/CA]. The effect of ruptured membranes on these six ultrasonographic 
parameters was assessed by studying patients who had premature rupture of the membranes of <1 
week's duration. it was found that premature rupture of the membranes is associated with increased 
frequency of CC, CA, and CA — HA measurements at or below the 5th percentile. However, in patients 
with premature rupture of the membranes all measurements were within the normal range for the three 
ratios. The efficacy of each of the six parameters was determined by studying 13 fetuses at high risk for 
development of lethal pulmonary hypoplasia. The (CA — HA) x 100/CA parameter had the best 
diagnostic accuracy (sensitivity 85%, specificity 85%, positive predictive value 83%, and negative 


predictive value 85%). (AM J Osstet GYNECOL 1989;161:606-12.) 


Key words: Ultrasonography, fetal pulmonary hypoplasia 


Fetal pulmonary hypoplasia is commonly associated 
with both renal and nonrenal origins of decreased am- 
niotic fluid.'* There is a wide spectrum of clinical man- 
ifestations of pulmonary hypoplasia that ranges from 
acute respiratory failure leading to early neonatal 
death (lethal form) to respiratory insufficiency includ- 
ing pulmonary hemorrhage, severe bronchopulmo- 
nary dysplasia, subacute lung disease, or transient re- 
spiratory disease (nonlethal form).’ From the clinician’s 
standpoint the antepartum prediction of lethal pul- 
monary hypoplasia would be very beneficial with re- 
gard to both obstetric management and parental 
counseling. 

In the past, two main ultrasonographic techniques 
have been used to diagnose pulmonary hypoplasia: 
chest circumference measurements and chest circum- 
ference/abdominal circumference (CC/AC) ratio.®'° 
Nomogramis for chest circumferences throughout ges- 
tation have been developed by previous investiga- 
tors.^® The use of chest circumference nomograms, 
however, requires accurate knowledge of the length of 
gestation. Therefore these nomograms cannot be used 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics and Gynecology, University of Connecticut Health Center. 
Presented at the Ninth Annual Meeting of the Society of Perinatal 
Obstetricians, New Orleans, Louisiana, February 2-4, 1989. 
Reprint requests: Anthony M. Vintzileos, MD, Department of Ob- 
stetrics and Gynecology, Division of Maternal-Fetal Medicine, Uni- 
versity of Connecticut Health Center, Farmington, CT 06032. 
6/6/13714 


606 


in fetuses with unknown gestational age or fetuses with 
suspected intrauterine growth retardation, which is fre- 
quently present. To circumvent these drawbacks some 
investigators have proposed the use of a gestational 
age—independent ratio (CC/AC)*° or nomograms that 
allow for comparison of the chest circumference with 
other ultrasonographic parameters (e.g., biparietal di- 
ameter, head circumference, abdominal circumfer- 
ence, femur length), which hopefully are not affected 
when growth or structural abnormalities are present.” 
These quantitative interthoracic relationships, how- 
ever, may be misleading in cases where growth or struc- 
tural abnormalities do not compromise the various fetal 
parameters to the same degree. An additional limita- 
tion of the previously established chest circumference 
nomograms is that measurements were derived from 
outer edge to outer edge of the fetal thorax, and there- 
fore their use in fetuses with excessive subcutaneous 
tissue and skin may give erroneous results. For instance, 
normal chest circumference measurements have been 
described in a fetus with wrinkled skin (Pena-Shokeir 
syndrome) and lethal pulmonary hypoplasia.’ 

The major advantage of the CC/AC ratio is that it is 
gestational age independent and could be reliably used 
without accurate knowledge of the gestational age. The 
major limitation is that it cannot be used in fetuses with 
large chest circumferences caused by excessive skin and 
subcutaneous tissue or in conditions that affect or dis- 
tort abdominal circumference measurements (e.g., fe- 
tuses with polycystic kidneys, obstructive uropathy, om- 
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phalocele). It is known that many cases of pulmonary 


hypoplasia are due to prolonged premature rupture of 


the membranes (PROM); in these cases, however, the 
use of the two commonly used parameters (chest cir- 
cumference measurements and AC/CC ratio) is ques- 
tionable since the effect of PROM on these measure- 
ments has not been investigated. 

The antenatal diagnosis of pulmonary hypoplasia is 
always suspected by the subjective impression of car- 
diothoracic disproportion noted during an ultrasono- 
graphic examination. Since it is important to quanti- 
tatively assess the intrathoracic structures when abnor- 
mal lung development is suspected, the present study 
was undertaken with the following objectives: (1) to 
establish nomograms of six different ultrasonographic 
parameters that could reflect fetal lung mass, (2) to 
assess the effect of PROM on these parameters, and (3) 
to determine the usefulness of these parameters in pre- 
dicting lethal pulmonary hypoplasia in high-risk fe- 
tuses. 


Material and methods 


In the present study the first step was to establish the 
nomograms of the six fetal parameters throughout ges- 
tations. One hundred eighty-one uncomplicated preg- 
nancies between 16 and 40 weeks of gestation (dates 
confirmed by early ultrasonography) were used for sin- 
gle ultrasonographic measurement to generate the 
nomograms in a cross-sectional manner. All patients 
had intact membranes and singleton pregnancies. De- 


livery occurred within 2 weeks of the predicted date of 


delivery either by spontaneous labor or by elective 
repeat cesarean section. Patients with an abnormal 
fetal outcome (e.g., congenital anomalies, intrauterine 
growth retardation, fetal macrosomia) were excluded. 
The ultrasonographic examinations were performed 
with a linear-array real-time ultrasonographic instru- 
ment (GE 3000 or Acuson 128) with a 3.5 or 5.0 MHz 
transducer. Freeze-frame capabilities were available, 
and on-screen calipers were used for the measure- 
ments. The ultrasound velocity was 1540 m/sec. In ad- 
dition to routine biometry, the bony chest circumfer- 
ence (CC), chest area (CA), heart circumference (HtC), 
and heart area (HA) were determined from a cross 
section of the fetal chest at right angles to the fetal 
spine at the level of the atrioventricular valves with the 
heart in ventricular diastole (Fig. 1). From this view, 
the circumferences were directly measured and the 


areas were automatically calculated. For the purpose of 


this study the relationship between gestational age and 
each of the following six parameters was defined: CC, 
CA, (CA — HA), CC x 100/AC, CA/HA, and 
(CA — HA) x 100/CA. Scattergrams with increasing 
gestational age were developed and regression analyses 
were used to establish the nomograms including the 
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Fig. 1. Ultrasonographic photograph showing cross section of 
fetal chest at level of four-chamber view, illustrating placement 
of calipers for measurements of bony chest circumference and 
heart circumference. Areas are automatically calculated. 


5th, 50th, and 95th percentile lines. The statistical anal- 
ysis of the data was performed by computer (Macintosh 
II) with the StatView 512+ and Cricket Graph statis- 
tical packages. 

After the nomograms were established, the second 
step was to assess the effect of PROM by studying 18 
patients with ruptured membranes not at risk for pul- 
monary hypoplasia (duration of PROM <1 week). All 
18 patients had a single measurement within | week of 
delivery and none of the infants developed any signs 
of pulmonary hypoplasia. The measurements of the 
groups with intact versus ruptured membranes were 
compared by Fisher’s exact and two-tailed ¢ tests. A 
value of p < 0.05 was considered to be statistically sig- 
nificant. 

The efficacy of each of the six parameters to predict 
lethal pulmonary hypoplasia (third step) was deter- 
mined by studying 13 fetuses at high risk. Four of these 
fetuses had renal anomalies (three obstructive uropathy 
and one bilateral polycystic kidney disease), four had 
PROM at <26 weeks’ gestation and >5 weeks’ duration, 
and five had idiopathic oligohydramnios. All 13 fetuses 
had severe oligohydramnios, as defined by largest ver- 
tical amniotic fluid pocket <1 cm, of at least 5 weeks’ 
duration. The last examination within 1 week of deliv- 
ery was used for analysis. Of the 13 high-risk fetuses, 
six developed lethal pulmonary hypoplasia, three de- 
veloped respiratory insufficiency compatible with clin- 
ical pulmonary hypoplasia but survived, and the re- 
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Table I. Effect of PROM on gestational age—independent ratios 









CC x 100/AC 


85 95 






CA/HA (CA — HA) X 100/CA 


2.65 3.74* 5.46 62 744 82 
2.67 5-10* 4.36 62 68+ 77 


Intact membranes (n = 181) 75 

PROM (n = 18) 72 84 93 

CC, Chest circumference; AC, abdominal circumference; CA, chest area; HA, heart area. 
*p < 0.05. 

tp < 0.05. 


maining four did not show any signs of pulmonary 
hypoplasia. Since the prediction of lethal pulmonary 
hypoplasia may alter obstetric management, the effi- 
cacy (sensitivity, specificity, and positive and negative 
predictive values) of each of the six parameters to pre- 
dict lethal pulmonary hypoplasia only was addressed. 
Measurements at or below the 5th percentile were con- 
sidered abnormal. All six neonates with lethal pulmonary 
hypoplasia died in the first 48 hours after birth, 
and the diagnosis was confirmed at autopsy by lung 
weight/body weight ratios and radial alveolar counts.’” 


Results 


The best-fit curves were second- and third-degree 
polynomials for chest circumference and chest area, re- 
spectively. The regression equation for chest circum- 
ference versus gestational age was: y = —10.315 + 
1.35x — 0.009x?(R? = 0.902) and for chest area 
versus gestational age was: y = 36.36 — 5.176x + 
0.253x* — 0.003x* (R? = 0.848). The relationship be- 
tween CA — HA and gestational age was linear (y = 
— 24.954 + 1.7142x, R? = 0.740). Regression analyses 
of the relationships among the three ratios [CC x 
100/AC, CA/HA, and (CA — HA) x 100/CA] and 
gestational age revealed these ratios to be relatively con- 
stant. The mean value for CC/AC x 100 was 85 (5th 
to 95th percentile range, 75 to 95). The regression of 
this ratio versus gestational age revealed that this ratio 
decreases only at a rate of 0.125 units per week 
(R = 0.091, R? = 0.008, SE = 0.055, F = 1.492, inter- 
cept = 0.877, and slope = — 0.001). The regression of 
CA/HA versus gestational age revealed that this ratio 
decreases only at a rate of 0.031 units per week 
of gestation (R = 0.179, R? = 0.032, SE = 0.836, F = 
5.951, intercept = 4.629, and slope = —0.027). The 
regression of (CA — HA) x 100/CA revealed that this 
ratio decreases only at a rate of 0.312 units per week 
(R = 0.22, R? = 0.049, SE = 0.068, F = 9.13 inter- 
cept = 0.814, and slope = — 0.003). Regression anal- 
yses were also used to define the relationships between 
CC versus AC, CA versus HA, and (CA — HA) versus 
CA. All three plots were linear with high R? values 
(0.920, 0.86, and 0.957), which further substantiates 


the hypothesis that all three ratios are relatively con- 
stant between 16 and 40 weeks of gestation. The in- 
traobserver and interobserver variabilities were <8% 
for all parameters, the lowest being 2.6% for CC (in- 
traobserver) and the highest 8% for HA (interob- 
server). 

After having established the nomograms, the effect 
of PROM was assessed by studying 18 patients with 
PROM (gestational ages between 22 and 36 weeks). The 
measurements of these patients were compared to the 
nomograms (including the mean and the 5th and 95th 
percentile lines) as established from the patients with 
intact membranes. Chest circumference measurements 
were at or below the 5th percentile in 6 of 18 patients 
(33.3%) with PROM versus 15 of 181 (8.2%) with intact 
membranes (p < 0.05); 4 of 18 (22.2%) with PROM 
versus 9 of 181 (4.9%) with intact membranes had 
CA measurements at or below the 5th percentile 
(p < 0.05); and 4 of 18 (22.2%) with PROM versus 
6 of 181 (3.3%) with intact membranes had CA — HA 
measurements at or below the 5th percentile (p < 0.05). 
The frequency of measurements at or below the 5th 
percentile for patients with PROM was the highest for 
gestational ages <28 weeks. Table I compares the three 
ratios (5th, mean, and 95th percentiles) between pa- 
tients with intact and ruptured membranes. Although 
patients with PROM had lower mean values for 
CA/HA and (CA — HA) x 100/CA (3.74 versus 3.10 
and 74 versus 68, respectively; p < 0.05), there were 
no differences in the 5th percentiles for any of the three 
ratios between patients with intact and ruptured mem- 
branes, and all patients with PROM had measurements 
within the normal range (between the 5th and 95th 
percentile). 

As a third step in the study, the efficacy of the six 
ultrasonographic parameters to predict lethal pulmo- 
nary hypoplasia in 13 fetuses at high risk was deter- 
mined. A total of six fetuses developed lethal pulmo- 
nary hypoplasia. There were five fetuses with CC mea- 
surements at or below the 5th percentile for gestational 
age, only two of whom developed lethal pulmonary 
hypoplasia. From four fetuses with CA measurements 
at or below the 5th percentile only two developed lethal 
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Fig. 2. Graph illustrating distribution of CC/AC ratios of 13 fetuses at risk for pulmonary hypoplasia 
(solid triangles, lethal pulmonary hypoplasia; open triangles, no lethal pulmonary hypoplasia). Values 
at or below 5th percentile were considered abnormal. 
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Fig. 3. Graph illustrating distribution of chest area/heart area ratios of 13 fetuses at risk for pul- 
monary hypoplasia (solid triangles, lethal pulmonary hypoplasia; open triangle, no lethal pulmonary 


hypoplasia). Values at or below 5th percentile were considered abnormal. 


pulmonary hypoplasia, and from five fetuses with 
CA — HA measurements at or below the 5th percentile 
only three developed lethal pulmonary hypoplasia. 
Figs. 2, 3, and 4 illustrate the distribution of the three 
ratios of the 13 fetuses at risk. The (CA — HA) x 


100/CA ratio had the best diagnostic accuracy (sensi- 
tivity 85%, specificity 85%, positive predictive value 
83%, negative predictive value 85%, and overall effi- 
ciency 85%). Table II summarizes the efficacy of 
the six fetal parameters to predict lethal pulmonary 
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Fig. 4. Graph illustrating distribution of (CA — HA) x 100/CA ratios of 13 fetuses at risk for 
pulmonary hypoplasia (solid triangles, lethal pulmonary hypoplasia; open triangles, no lethal pulmonary 
hypoplasia). Values at or below 5th percentile were considered abnormal. 


hypoplasia. Other parameters, such as CC — Ht, 
CC/HtC, and (CC — HtC)/CC, as well as interthoracic 
relationship nomograms (e.g., femur length vs. CC, CA, 
and CA — HA), were also established, but these did not 
improve diagnostic accuracy in predicting lethal pul- 
monary hypoplasia. 


Comment 


The presence of pulmonary hypoplasia has been well 
documented in fetuses with long-standing oligohy- 
dramnios, which could be the result of chronic amniotic 
fluid leakage or fetal renal disease or it could be idio- 
pathic. The extent of fetal pulmonary hypoplasia de- 
pends on the degree of oligohydramnios, its duration, 
and the gestational age and stage of lung development 
when it occurs. A spectrum of pulmonary hypoplasia 
can therefore be expected, ranging from mild transient 
respiratory disease to severe respiratory insufficiency 
leading to death in the immediate neonatal period.’ 
From the clinician’s standpoint it would be desirable to 
consider hypoplasia as either lethal or nonlethal. Al- 
though prediction of the nonlethal forms of pulmonary 
hypoplasia may or may not change obstetric manage- 
ment, prediction of the lethal form during the ante- 
partum period may drastically alter obstetric manage- 
ment. It was for this reason, as well as the controversies 
surrounding the clinical diagnosis of pulmonary hy- 
poplasia in surviving infants, that the present study was 


undertaken with the prediction of the lethal form of 
pulmonary hypoplasia used as an endpoint. 

Previous investigators have attempted to make the 
antenatal diagnosis of lethal and nonlethal forms of 
pulmonary hypoplasia by using nomograms of chest 
circumference measurements throughout gestation,”* 
interthoracic relationship nomograms (chest circum- 
ference measurements versus biparietal diameter, head 
circumference, abdominal circumference, or femur 
length),'' or the CC/AC ratio, which has the advantage 
of being constant throughout gestation.” '’ Since the 
clinical setting of pulmonary hypoplasia is frequently 
accompanied by structural and growth abnormalities, 
the use of interthoracic nomograms is appropriate but 
only in cases where the different fetal organs are com- 
promised to the same degree as the chest circumfer- 
ence. In many cases, however, the various fetal param- 
eters are not equally compromised. Therefore, the idea 
of quantitatively defining intrathoracic growth rela- 
tionships (e.g., heart or bony chest measurements) is 
attractive, and it was pursued in this study without in- 
cluding the skin and subcutaneous tissue in the thoracic 
measurements. In fetuses with obstructive uropathy or 
polycystic kidney disease who are at substantial risk for 
pulmonary hypoplasia, the use of the CC/AC ratio is 
inappropriate because of the frequently observed ab- 
dominal enlargement, which is secondary to the dis- 
tended urinary tract. The use of this ratio is also in- 
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Table II. Efficacy to predict lethal pulmonary hypoplasia 












Ultrasonographic 
parameter 


Sensitivity Specificity 


CC 33 
CA 33 
CA-HA 50 
CC x 100/AC 33 
CA/HA 66 
(CA-HA) x 100/CA 85 
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Positive Negative Test efficiency 
predictive value predictive value (overall) 
(%) (%) (%) 


40 50 46 
50 55 54 
60 62 62 
66 60 62 
80 75 77 
83 85 85 





CC, Chest circumference; CA, chest area; HA, heart area; AC, abdominal circumference. 


appropriate in the presence of fetal congenital anom- 
alies such as omphalocele, ascites, diaphragmatic 
hernia, etc., which may distort or alter the abdominal 
circumference measurements. With the above consid- 
erations in mind the present cross-sectional study was 
undertaken with one of the major objectives to be the 
establishment of nomograms of ultrasonographic pa- 
rameters that possibly could reflect fetal lung mass by 
studying 181 uncomplicated pregnancies with intact 
membranes at the time of the examination. Two of the 
six studied parameters were chest circumference mea- 
surements and CC/AC ratio. The relationship between 
gestational age and bony chest circumference mea- 
surements was curvilinear and the best fit was a 
second-degree polynomial equation. In some previous 
studies’ the relationship between gestational age and 
chest circumference measurements has been found to 
be linear. The mean, 5th, and 95th percentile values 
established in the present study were somewhat less 
than the corresponding values of the previously pub- 
lished nomograms.” * These differences can be ex- 
plained by the different method that we used; specif- 
ically, we measured the bony chest circumference in- 
stead of measuring from outer edge to outer edge of 
the fetal thorax as done previously. For the same reason 
the CC/AC ratio was found to be somewhat less than 
previously reported norms (mean values 0.91 to 0.94 
in previous studies*'® versus 0.85 at the present study). 
In the present study the relationship between gesta- 
tional age and chest area was found to be curvilinear 
with the best fit being a third-degree polynominal equa- 
tion, whereas the relationship between gestational age 
and CH — HA was linear. One of the interesting find- 
ings of the present study was that the remaining 
two intrathoracic ratios (CA/HA) and [((CA — HA) x 
100/CA] remained relatively constant throughout ges- 
tation and therefore could be used in patients with 
unknown or uncertain dates. 

Although previous investigators have reported on 
the ability of chest circumference measurements and 
CC/AC ratio to predict pulmonary hypoplasia, there 
are significant differences between those studies and 
the present study in regards to methods, design, and 


prediction of nonlethal versus lethal forms of pulmo- 
nary hypoplasia. In the majority of previous studies 
fetuses at risk for pulmonary hypoplasia because of 
prolonged rupture of the membranes were evaluated 
by use of nomograms established from patients with 
intact membranes. However, rupture of the mem- 
branes by itself is known to cause fetal compression and 
therefore may be inherently associated with alterations 
in fetal biometry. The present study addressed the lat- 
ter point by evaluating fetuses with ruptured mem- 
branes who were very unlikely to develop pulmonary 
hypoplasia since the duration of PROM was <1 week. 
It was found that PROM itself is associated with de- 
creased thoracic measurements. Fetuses with PROM 
had a significantly higher frequency of measurements 
at or below the 5th percentile for CC (33.3%), CA 
(22.2%) and CA — HA (22.2%). This effect of PROM 
on these measurements was most pronounced at <28 
weeks’ gestation. The finding of the same mean value, 
as well as range, for CC/AC ratio would suggest that 
the same degree of thoracic and abdominal compres- 
sion exists in the presence of PROM. In all cases 
with PROM, however, the measurements were with- 
in the normal range for all three gestational age— 
independent ratios. The fact that the 5th percentiles 
of the three ratios are not altered by the presence of 
PROM makes them potentially valuable tools for eval- 
uating fetuses with prolonged PROM and fetuses of 
uncertain gestational ages. 

As noted in Table II, most parameters had low 
positive and negative predictive values to be clinically 
useful. Other parameters, such as CC — HtC, CC/HtC, 
and (CC — HtC)/CC, were also studied as were inter- 
thoracic relationship nomograms (femur length vs. CC, 
CA, and CA — HA). However, these did not improve 
diagnostic accuracy. Most parameters had disappoint- 
ingly low sensitivities. The diagnostic accuracies of the 
studied parameters were much lower than those of pre- 
vious reports.” ° This discrepancy may be due to: (1) 
differences in the populations studied; (2) inclusion of 
fetuses at particularly high risk for development of pul- 
monary hypoplasia in this study (all had documented 
oligohydramnios of >5 weeks’ duration); and (3) dif- 
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ferences regarding the end point of prediction, which 
in our study was the lethal form of the disease. In the 
present study the (CA — HA) X 100/CA ratio had the 
best diagnostic accuracy (85%). This ratio is gestational 
age independent and it is not altered by PROM; in 
addition it can be used in fetuses with large or dis- 
torted AC (e.g., obstructive uropathy, omphalocele, 
etc.) where the use of CC/AC is inappropriate. We are 
continuing to evaluate the use of this ratio in our institu- 
tion by collecting data from a larger number of fe- 
tuses. 
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A 21-year-old female estimated at 42-weeks gestation was admitted for induction 
of labor. An excellent labor pattern was established within two hours. The cervix 
was completely effaced and dilated to 5 cms, with the vertex at zero station. Mild 
to moderate fetal heart rate decelerations on external monitors prompted amniot- 
omy and placement of internal monitors.” 





Clinical Status . Monitored Variables 
Admission to labor room—Fetal distress, BP 117/72 

variable decelerations, and thick meconium HR 86/min 

were noted at amniotomy. Oxygen admini- RR 14/min 

stered via nasal cannula at 5 L/min and mother Temp 38°C 


placed in left lateral decubitus position. 


At 60 minutes—Controlled delivery of a 4100 
gram meconium-stained infant. Apgar 7 and 9. 








Immediately after delivery—Mother gasped 
and became unresponsive. 














Within seconds—ECG, pulse oximetry BP 73/53 

and automatic blood pressure recordings HR 70/min 

instituted. RR 28/min (shallow) 
Spo,” 88% 

At 65 minutes—Mother was intubated and BP 73/51 

ventilated with 100% oxygen and 10 cm HR 60/min 

PEEP. 500 ml of crystalloid were infused over RR 0 - Spontaneous 

10 minutes. 12/min via 

Ambu bag 

SpO, 91% 

At 85 minutes—Central monitoring begun. BP 110/69 

PAP = 42/15, CVP = 10, PCWP = 14, HR 90/min 

CO = 9.4 ABG’s obtained: PaO, = 76 mmHg, Spo, 90% 

PaCO, = 47 mmHg, pH = 7.20, SaO, (Calc) = 91%. 

180 minutes postpartum—Mother transferred BP 93/57 

to the intensive care unit and remained intu- HR 84/min 

bated. FiO, = 0.5, PAP = 32/16, CVP = 7, Spo, 91% 


PCWP = 11, CO = 7.7, SaO, (Calc) = 89%. 





Mother sustained significant physiologic 
insult as a result of acute amniotic fluid 
embolization. 





Over the ensuing 96 hours pulmonary function 
progressively improved and the patient was 
successfully weaned and extubated. 


* Actual Case Study on file at Nellcor Incorporated. **SpO, is the measurement of arterial oxygen saturation by pulse oximetry. 


Discussion 


This previously healthy labor patient developed a suddenly compromised 
cardiopulmonary system resulting in hypoxemia that was detected and managed 
through the early use of a pulse oximeter. 


Routine use of a NELLCOR® N-200 pulse oximeter to continuously monitor 
patients during delivery provides for improved patient safety through early 
warning of respiratory complications. 
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IN BRIEF: 
Indications and Usage—LO/OVRAL?® is indicated for the prevention of pregnancy in women who elect to use 
oral contraceptives (OC's) as a method of contraception. 
Contraindications —OC's should not be used in women with any of the following conditions: 
1. Thrombophlebitis or thromboembolic disorders. 
2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 
3. Cerebral-vascular or coronary-artery disease. 
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6. Undiagnosed abnormal genital bleeding. 
7. Known or suspected pregnancy (see Warning No. 5). 
8. Benign or malignant liver tumor which developed during use of OC's or other estrogen-containing 
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ette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
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women over 35 years of age. Women who use oral be strongly advised not to smoke. 
The use of oral contraceptives is associated with increased risk of several serious conditions, including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. 
paetaan prescribing oral contraceptives should be familiar with the following information relating to 
SE risks. 








1, Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and 
thrombotic disease associated with use of OC's is well established. Three principal studies in Great Britain and 
3 in the U.S. have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of OC's are 4 to 1 1 times more likely than 
nonusers to develop these diseases without evident cause 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 
times greater in users than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than 
in nonusers. 
MYOCARDIAL INFARCTION (MI)—An increased risk of MI associated with use of OC's has been reported, 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that 
the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hypertension, 
hypercholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of developing 
Ml, regardless of whether the patient was an OC user or not. OC's, however, were found to be a clear additional 
risk factor. In terms of relative risk, it has been estimated that OC users who do not smoke (smoking is consid- 
ered a major predisposing condition to MI) are about twice as likely to have a fatal MI as nonusers who do not 
smoke. OC users who are also smokers have about a 5-fold increased risk of fatal MI compared to users who 
do not smoke, but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. Further- 
more, amount of smoking is also an important factor. In determining importance of these relative risks, how- 
ever, baseline rates for various age groups must be given serious consideration. Importance of other 
predisposing conditions mentioned above in determining relative and absolute risks has not as yet been 
quantified; quite likely the same synergistic action exists, but perhaps to a lesser extent 
RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coronary thrombosis, is directly 
related to dose of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with 
higher risk of thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that 
quantity of estrogen may not be the sole factor involved. This finding has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES —A large prospective study carried out 
in the UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate 
annually from circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34—5/100,000; 
ages 35-44 —33/100,000; ages 45-49— 140/100,000), risk being concentrated in older women, in those with 
long duration of use, and in fe ate? smokers. It was not possible, however, to examine interrelationships of 
age, smoking, and duration of use, nor to compare effects of continuous vs. intermittent use. Although the 
study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all these 
deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or 
more years are available, it is not possible to assess magnitude of relative risk for this younger group. Available 
data from a variety of sources have been analyzed to estimate risk of death associated with various methods of 
contraception. Estimates of risk of death for each method include combined risk of contraceptive method 
(e.g., thromboembolic and thrombotic disease in the case of OC's) plus risk attributable to pregnancy or 
abortion in event of method failure. This latter risk varies with effectiveness of method. The study concluded 
that mortality associated with all methods of birth control is low and below that associated with childbirth, with 
the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom or diaphragm 
backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's increases 
with age after about 30 and, for MI, is further increased by hypertension, hypercholesterolemia, obesity, 
diabetes, or history of pre-eclamptic toxemia, and especially cigarette smoking. Physician and patient should 
be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pul- 
monary embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 
6-fold increased risk of postsurgery thromboembolic complications has been reported in OC users. 
If feasible, OC's should be discontinued at least 4 weeks before surgery of a type associated with increased 
risk of thromboembolism or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Britain involving cerebro- 
vascular disease and another in the U.S. concerning MI suggest an increased risk of these conditions in users 
of OC's persists after discontinuation of the OC's. In the British study, risk of cerebrovascular disease 
remained elevated in former OC users for at least 6 years after discontinuation. In the U.S. study, increased 
risk of MI persisted for at least 9 years in women 40- to 49-years-old who had used OC's for 5 or more years. 
Findings in both studies require confirmation since they are inconsistent with other published information 
2. Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombo- 
sis associated with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or com- 
plete loss of vision; onset of proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal 
species increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progesto- 
gens, none currently contained in OC's, have been noted to increase incidence of mammary nodules, benign 
and malignant, in dogs. In humans, 3 case-control studies have reported an increased risk of endometrial 
carcinoma associated with prolonged use of exogenous estrogen in postmenopausal women. One publication 
reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the endo- 
metrium in women under 40 on OC's. Of cases found in women without predisposing risk factors (e.g., irregu- 
lar bleeding at the time OC's were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These are no longer marketed. No evidence has been reported su; ting increased risk of 
endometrial cancer in users of conventional combination or progestogen-only OC's. Several studies have 
found no increase in breast cancer in women taking OC's or estrogens. One study, however, while also noting 
no overall increased risk of breast cancer in women on OC's, found an excess risk in subgroups of OC users 
with documented benign breast disease. Reduced occurrence of benign breast tumors in users of OC's has 
been well documented. In summary, there is at present no confirmed evidence from human studies of 
increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, neverthe- 
less, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or with breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with 
particular care if they elect to use OC's. 
4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. 
Although benign, hepatic adenomas may rupture and may cause death through intra-abdomina! hemor- 
rhage. This has been reported in short-term as well as long-term users. Two studies relate risk with duration of 
use of OC's, the risk being much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be 
considered in women presenting abdominal pain and tenderness, abdominal mass or shock. A few cases of 
hepatocellular carcinoma have been reported in women on OC's. Relationship of these drugs to this type of 
malignancy is not known, 
5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Off- 
spring—Use of female sex hormones—both estrogenic and progestational agents—during early pregnancy 
may seriously damage the offspring. It has been shown that females exposed in utero to diethyistilbestrol, a 
nonsteroidal estrogen, have increased risk of developing in later life a form of vaginal or cervical cancer ordi- 
narily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 exposures or less. Although 
there is no evidence now that OC’s further enhance risk of developing this type of malignancy, such patients 
should be monitored with particular care if they elect to use OC's, Furthermore, 30 to 90% of such exposed 
women have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children 
‘so exposed may develop abnormalities of the urogenital tract. Although similar data are not available with use 
of other estrogens, it cannot be presumed they would not induce similar changes. An increased risk of con- 
genital anomalies, including heart defects and limb defects, has been reported with use of sex hormones, 
including OC's, in pregnancy. One case control study estimated a 4.7-fold increase in risk of limb-reduction 


defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some exposures involved only a few days. Data suggest that 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. 
There is considerable evidence that estrogens are ineffective for these indications, and there is no evidence 
from well-controlled studies that progestogens are effective. There is some evidence that triploidy and possi- 
bly other types of polyploidy are increased among abortuses from women who become pregnant soon after 
ceasing OC's. Embryos with these anomalies are virtually always aborted spontaneously. Whether there is an 
overall increase in spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown. It is 
recommended that, for any patient who has missed 2 consecutive periods, pregnancy should be ruled out 
before continuing OC's. If the patient has not adhered to the prescribed schedule, the possibility of pregnancy 
should be considered at time of first missed period, and further use of OC's should be withheld until preg- 
nancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential risks to 
the fetus, and advisability of continuation of the pregnancy should be discussed. It is also recommended that 
women who discontinue OC's with intent of becoming pregnant use an alternate form of contraception for a 
period of time before attempting to conceive. Many Clinicians recommend 3 months, although no precise 
information is available on which to base this. The administration of progestogen-estrogen combinations to 
induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease —Studies report increased risk of surgically confirmed gallbladder disease in users of 
OC's and estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ 
use. In one of the other studies, increased risk was apparent between 6 and 12 months’ use. 

7. Carbohydrate and Lipid Metabolic Effects — Decrease in glucose tolerance has been observed in a signifi- 
cant percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. Increase in triglycerides and total phospholipids has been observed in patients on 
OC's; clinical significance of this finding remains to be defined. 

8. Elevated Blood Pressure—Increase in blood pressure has been reported in patients on OC's. In some 
women, hypertension may occur within a few months of beginning OC's. In the 1st year of use, prevalence of 
women with hypertension is low in users and may be no higher than that of a comparable group of nonusers. 
Prevalence in users increases, however, with longer exposure, and in the 5th year of use is 22 to 3 times the 
reported prevalence in the Ist year. Age is also strongly correlated with development of hypertension in OC 
users. Women who previously have had hypertension during pregnancy may be more likely to develop eleva- 
tion of blood pressure on OC's. Hypertension that develops as a result of taking OC's usually returns to normal 
after discontinuing the drug. 

9. Headache—Onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 

10. Bleeding Irregularities— Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for 
patients discontinuing OC's. In breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunc- 
tional causes should be borne in mind 

In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures 
are indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to another 
OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially useful in 
minimizing menstrual irregularity, should be done only if necessary, since this may increase risk of throm- 
boembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic afterdiscontinu- 
ing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregu- 
larities. 

11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding—OC's given in the postpartum period may interfere with lactation and decrease quantity 
and quality of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the 
milk of mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer 
OC's until infant has been weaned. 

Precautions—GENERAL—1. Acomplete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. 

As a general rule OC's should not be prescribed for longer than 1 year without another physical examination 
2. Under influence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase 
in size. 

3. Patients with history of psychic depression should be carefully observed and the Arap even if 
depression recurs to a Serious degree. Patients becoming significantly depressed while on OC's should stop 
OC's and use an alternate method to try to determine whether the symptom is drug-related. 

4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with 
careful monitoring, in patients with conditions which might be aggravated by fluid retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency 

5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on 
OC's. If jaundice develops, OC's should be discontinued. 

6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution 

7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative 
pyridoxine deficiency. Clinical significance is undetermined 

8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development 
of folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that if a 
woman becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate 
deficiency and complications attributed to this deficiency. 

9. The pathologist should be advised of OC therapy when revelant specimens are submitted. 

10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-contain- 
ing OC's: a, Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, VIII, IX, and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggregability. c. Increased thyroid- 
binding pon (TBG) leading to increased circulating total-thyroid hormone, as measured by protein-bound 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

Information for the Patient—See Patient Package Labeling. 

Drug Interactions— Reduced efficacy and increased incidence of breakthrough bleeding have been asso- 
ciated with concomitant use of rifampin. A similar association has been suggested with barbiturates, 
phenylbutazone, phenytoin sodium, ampicillin and tetracycline 

Carcinogenesis — See Warnings on carcinogenic potential of OC's. 


Pregnancy—Category X. See Contraindications, Warnings. 

Nursing Mothers —See Warnings. 

Adverse Reactions — An increased risk of these serious adverse reactions has been associated with use of OC's 
(see Warnings): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral 
hemorrhage, hypertension, gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and use of OC's although additional 
confirmatory studies are needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and 
optic neuritis. 

The following adverse reactions have been reported in patients on OC's and are believed to be drug-related: 
nausea and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or 
less of patients during the first cycle. Other reactions, as a general rule, are seen much less frequently or only 
occasionally. Gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding, 
spotting, change in menstrual flow; dysmenorrhea, amenorrhea during and after treatment, temporary infer- 
tility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement, and secretion; change in weight (increase or decrease); change in cervical erosion 
and cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic jaun- 
dice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; reduced tolerance 
to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening), intolerance to contact 
lenses. 

The following adverse reactions have been reported in users of OC's, and the association has been neither 
confirmed nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appe- 
tite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multi- 
forme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 

Acute Overdose — Serious ill effects have not been reported following acute ingestion of large doses of OC's by 
young children, Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
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Prophylactic amnioinfusion during labor complicated by 


meconium: A preliminary report 


Yoel Sadovsky, MD, Erol Amon, MD, Mary E. Bade, BSMT, and Roy H. Petrie, MD, ScD 


St. Louis, Missouri 


The purpose of this prospective and randomized study is to evaluate the safety and efficacy of 
prophylactic transcervical amnioinfusion in the management of labor complicated by meconium, A 
preexisting intrauterine pressure catheter was used for amnioinfusion. The incidence of thick meconium 
was significantly lower after amnioinfusion, compared with standard management (5% versus 62% 

p < 0.0005). This was also demonstrated with spectrophotometry. Significant differences between the 
amnioinfusion group and the control group were found for the following: arterial cord pH <7.20 (16% 
versus 38%, p < 0.05); meconium more than trace below the vocal cords at delivery (0% versus 29%, 

p < 0.05) and need for positive pressure ventilation at birth (16% versus 48%, p < 0.05). No complications 
related to amnioinfusion were observed. We conclude that (1) transcervical amnioinfusion during labor 
complicated by meconium is a simple and apparently safe procedure, and that (2) amnioinfusion effectively 
decreases the frequency of thick meconium, the frequency of neonatal acidemia, the frequency of more 
than trace meconium below the vocal cords, and the need for positive pressure ventilation. (AM J OBSTET 


Gynecol 1989;161:613-7.) 
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Passage of meconium in utero occurs in 8% to 16% 
of all deliveries.” Meconium aspiration syndrome oc- 
curs in 1% to 3% of all cases of meconium-stained am- 
niotic fluid.‘ The presence of meconium in the amniotic 
fluid is associated with increased neonatal morbidity 
and mortality. The mechanism of this association and 
a cause-effect relationship is still unclear. Although me- 
conium aspiration syndrome is a relatively uncommon 
complication, this syndrome is a major cause of un- 
expected neonatal mortality and morbidity, The neo- 
natal mortality associated with this syndrome is as high 
as 28%." Meconium aspiration may occur before labor, 
during labor, or at delivery. Current methods to pre- 
vent meconium aspiration syndrome include the com- 
bined obstetric and pediatric approach as described by 
Carson.’ This technique includes suctioning of the na- 
sopharynx, mouth, and hypopharynx with a DeLee 
catheter (ARGYLE, Division of Sherwood Medical Co., 
St. Louis, Mo.) as soon as the head is born. Immediately 
after the delivery is completed the pediatrician suctions 
the oropharynx with a bulb and inspects the vocal cords 
by direct laryngoscopy. The trachea is directly suc- 
tioned if meconium is present at the cords. This tech- 
nique, which was reported to decrease the frequency 
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of meconium aspiration syndrome, is based on the as- 
sumption that meconium aspiration occurs mainly dur- 
ing the delivery process, 

The clinical application of transcervical amnioinfu- 
sion was first described by Miyazaki and coworkers*’ 
as an intrapartum procedure for the relief of variable 
decelerations. Later Nageotte and coworkers? applied 
this prophylactic measure to prevent variable deceler- 
ations in patients with preterm membrane rupture. 

Our hypothesis is that intrapartum dilution of me- 
conium by transcervical amnioinfusion may reduce the 
risk of meconium aspiration if it occurs during labor 
or at delivery. It may also improve neonatal outcome. 
The purpose of this study is to evaluate the safety and 
efficacy of transcervical amnioinfusion during labor 
complicated by meconium. 


Material and methods 


This prospective and randomized study was per- 
formed at the three University hospitals of the De- 
partment of Obstetrics and Gynecology at Washington 
University Medical Center. The Human Studies Com- 
mittee of the medical school approved the study. The 
patients included women in labor who were found to 
have more than trace meconium on membrane rup- 
ture. Additional inclusion criteria were singleton preg- 
nancy, vertex presentation, =34 weeks’ gestation, and 
anticipated time to delivery >1 hour. The exclusion 
criteria were fetal malpresentation, multiple gestation, 
fetal malformation, polyhydramnios, chorioamnionitis, 
cord prolapse, any situation that necessitated urgent 
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Table I. Patient characteristics 
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Total Control Amnioinfusion 
n = 40 n= 2] n = 19 
Maternal age (yr) 24.0 + 6.2 24.4 + 5.9 23.4 + 6.6 
Primigravidous patients 19 (48%) 11 (52%) 8 (42%) 
Nulliparous patients 24 (60%) 13 (62%) 11 (58%) > 
Gestational age (wk) 40.1 + 1.5 40.3 + 1.5 39.9 + 1.5 
Birth weight (gm) 3378 + 427 3368 + 432 3390 + 432 
Neonatal gender (male) 20 (50%) 11 62%) 9 (47%) 
p = NS. 
Table H. Labor characteristics 
Total Control ; Amnioinfusion 
n= 40 n=21] n= 19 
Initiation 
Spontaneous 29 (73%) 16 (76%) 13 (68%) 
Induced 4 (10%) 1 (5%) =< 3 (16%) 
Augmented 7 (18%) 4 (19%) 3 (16%) 
Membrane rupture 
Spontaneous 21 (53%) 11 (52%) 10 (53%) 
Artificial 19 (47%) 10 (48%) 9 (47%) 
Narcotic use 15 (38%) 8 (38%) 7 (37%) 
Dilatation (cm)* 3.8 + 1.5 3.8 + 1.6 3.8 + 14 
(0.5-8) (0.5-8) (1.5-6.5) 
Labor duration (hr)* 15.9 + 8.0 14.7 + 8.2 17.3 + 7.7 
(4-35.5) (6-35.5) (4-32) 
Admission to delivery 11.6 + 6.7 11.24 7.1 12.0 + 6.4 
interval (hr)* 
(2-27) (2-27) (3.5-27) 
Meconium diagnosis to 9.9 + 6.1 9.5 + 7.0 10.3 + 5.0 
delivery interval 
(hr)* 
(2-25) (2-25) (3.5-19.5) 





p = NS. 
*Values are mean + SD. 


intervention, and maternal heart disease classified as 
New York Heart Association’s class II or greater. ` 

Informed consent was obtained before each patient 
was randomly assigned to an amnioinfusion or a control 
group. Randomization was carried out with sealed en- 
velopes. The control group received standard labor 
management without amnioinfusion. In the amnioin- 
fusion group a normal saline solution was connected 
through a Y-set to an existing intrauterine pressure 
catheter. The infused saline solution was continuously 
warmed to 37° C. The initial infusion was 600 ml during 
the first hour, then 180 ml/hr. The amnioinfusion was 
stopped before delivery. All patients had continuous 
internal fetal monitoring. The combined obstetric- 
pediatric suctioning approach to prevent meconium as- 
piration was used in all deliveries. 

Samples of the meconium-stained fluid were aspi- 
rated through the pressure catheter, whenever possible, 


before and after the amnioinfusion. Meconium con- 
centration, as measured by spectrophotometry, was 
used as an index of meconium thickness. The spectro- 
photometric determination was a modification of the 
method of Molcho et al.” Samples were frozen at 
—20° C. For meconium thickness determination the 
samples were brought to room temperature, vortexed 
for 60 seconds, and centrifuged at 1000 rpm for 5 
minutes. Any sample that contained thick meconium 
was diluted with distilled water. Absorption readings 
were recorded by spectrophotometry, and compared 
with a distilled water control at 340 to 500 nm. The 
absorbance measurements were then plotted on linear 
graph paper, and the “background” absorbance line of 
nonstained amniotic fluid was determined. The “ex- 
pected” optical density (OD) is the point on the drawn 


‘line that intersects with:the 410 nm wavelength. The 


A OD 410 was calculated as the difference between the 
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Table III. Mode of delivery 
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Control 
n= 2] 


Amnioinfusion 
n= 19 


























Vaginal 
Spontaneous 22 55 9 43 13 69 
Instrumental . 6 15 5 24 1 5 
Cesarean section 12 30 7 33 5 26 
Dystocia 10 25 5 24 5 26 
Fetal distress 2 5 2 9 0 0 
p=NS. 


measured OD and the expected OD at this wavelength. 
The A OD 410 value is the absorbance contributed by 
meconium. . ` 

Neonatal outcome was assessed by pediatricians who 
were unaware of the group to which each patient was 
allocated. The independent two-tailed Student ¢ test, x” 
test, and Fisher’s exact test, when appropriate, were 
used for statistical analysis. Significance was set at 
ee 


Results 


These data were elected between December 1987 
and September 1988. A total of 40 patients were en- 
rolled in the study; 19 were randomly assigned to the 
amnioinfusion group, and 21 were assigned to the con- 
trol group. Table I compares demographic character- 
istics for the’ two groups. Antepartum risk factors were 
present in 12 patients. This included four patients with 
chronic hypertension, two in each group; three patients 
with mild preeclampsia, two in the control group and 
one in the amnioinfusion group; five patients with post 
dates, three in the control group and two in the am- 
nioinfusion group. One patient in each group under- 
wenta trial of labor after a previous cesarean section. 
Various clinical characteristics of labor are compared 
in Table II. No significant differences were found. 

In the group that underwent amnioinfusion, a mean 
volume of 1357 ml (range, 700 to 2750 ml) of fluids 
was infused over a mean period of 6% hours (range, 
2 to 12% hours). There were no procedure-related 
complications during this study. 

Outcome data were compared between the group 
that underwent amnioinfusion and the control group. 
The frequency of thick meconium at initial evaluation 
was 62% in the control group and 79% in the amnioin- 
fusion group (p = NS). After amnioinfusion the fre- 
quency of thick meconium remained at 62% for the 
control group, whereas it decreased to 5% (p < 0.0005) 
in the amnioinfusion group. Fig. 1 demonstrates the 
sepectrophotometric measurements for 11 of the 19 
patients who underwent amnioinfusion from whom 


samples were obtained before and after the amnioin- 
fusion. The mean A OD 410 value was significantly 
reduced from 0.526 + 0.29 to 0.201 + 0.17 after am- 
nioinfusion in these 11 patients (p < 0.005). A total of 
95% of the patients in both groups had a reactive fetal 
heart rate on admission. Before the second stage of 
labor 95% of the patients who underwent amnioinfu- 
sion had a reactive tracing versus 81% of the control 
group (p = NS). The percentage of patients, with vari- 
able decelerations increased from 24% to.57% as labor 
progressed i in the control group, whereas the percent- 
age of patients with variable decelerations remained at 
37% in the group that underwent amnioinfusion (p = 
NS). 

Table IH gives the mode of delivery of both groups. 
Of note is the observation that two cesarean sections 
were performed because’of fetal distress, both in the 
control group. Postpartum fever occurred in two pa- 
tients in the group that underwent amnioinfusion, both 
after cesarean section.-In the control group five patients 
had postpartum fever, and of these, three were deliv- 
ered of infants by cesarean section. Endometritis oc- 
curred in three patients. In each case endometritis fol- 
lowed cesarean section, two in the group subjected to 
amnioinfusion and one in the control group. The in- 
cidence of 1-minute Apgar scores <4 did not differ 
significantly between the amnioinfusion and the control 
groups (5% versus 9%, respectively). Similarly, no dif- 
ference was found for the incidence of 5- -minute Apgar 
scores <7 (5% in both groups). 

Umbilical arterial cord blood analyses are shown in 
Fig. 2. A significantly lower rate of neonatal acidemia 
is noted in the group that underwent amnioinfusion 
(p < 0.05). Meconium, in any degree, was found below 
the vocal cords in 20% of all newborns. Fig. 3 compares 
the incidence of meconium below the cords, classified 
by pediatricians as greater than “trace.” This occurred 
in 29% of newborns in the control group, and 0% in 
the group subjected to amnioinfusion (p = 0.01). Every 
newborn underwent suctioning with the DeLee cath- 
eter and direct laryngoscopy for the management of 
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Fig. 1. Spectrophotometric measurements of meconium con- 
centration in amniotic fluid in 11 patients before and after 
amnioirifusion. OD = optical density. 


Umbilical arterial blood analysis 
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Fig. 2. Comparison of relative neonatal acidemia at birth be- 
tween control and amnioinfusion groups. B.D. = base defi- 
cit; NS = not significant. 


delivery complicated by meconium. As shown in Fig. 
3, 48% of newborns in the control group also needed 


positive pressure ventilation. This was significantly 


greater than the 16% in the group that underwent am- 
nioinfusion (p < 0.05). No newborn required cardiac 
or pharmacologic resuscitation, and none left the de- 
livery room intubated. No newborn had meconium as- 
piration syndrome. One infant in the control group had 
transient respiratory distress of unclear cause and re- 
quired oxygen support for 24 hours. 


Comment 


Several investigators have emphasized the risk of me- 
conium aspiration occurring during the newborn’s first 
few breaths, and the benefit from the combined 
obstetric-pediatric resuscitation approach.* * !° Davis 
et al.” and later Falciglia have shown that meconium 
aspiration syndrome may still occur despite appropriate 
use of the combined approach described by Carson. 
This occurrence may represent intrauterine meconium 
aspiration, which may have occurred before labor or 
during labor. Several studies have provided evidence 
that suggests the occurrence of fetal meconium aspira- 
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Fig. 3. Comparison of meconium below the vocal cords and 
need for resuscitation at birth between control and amnioin- 
fusion groups. 


tion.* 1" We adopted the technique of amnioinfusion 
as described by Miyazaki and coworkers’ and modified 
by Nageotte® in an attempt to improve the outcome for 
fetuses exposed to meconium during labor. 

The following conclusions can be drawn from our 
preliminary findings. First, transcervical amnioinfusion 
during labor complicated by meconium is a simple pro- 
cedure that carries no apparent increase in maternal 
and neonatal morbidity. Second, amnioinfusion was 
significantly effective in the dilution of meconium- 
stained amniotic fluid. Third, amnioinfusion during 
labor complicated by meconium improved neonatal 
outcome as demonstrated by: (1) a significant decrease 
in the frequency of neonatal acidemia, (2) a significant 
reduction iri the frequency of greater than “trace” me- 
conium below the newborn’s vocal cords, and (3) the 
reduction in need for positive pressure ventilation dur- 
ing resuscitation at birth. 

We propose that the observed improvement in neo- 
natal outcome is achieved by mechanical dilution of 
meconium during labor, which decreases the risk of 
intrapartum aspiration of thick and tenacious meco- 
nium. The increased risk of meconium aspiration syn- 
drome when thick meconium is present early in labor 
has been previously suggested by Meis.'* Furthermore, 
a decrease in the incidence of fetal acidemia during 
labor may decrease the frequency of fetal gasping,’* " 
and thus the absence of acidemia may prevent the pas- 
sage of meconium into the deeper airways. ®'® In the 
fetal lamb, asphyxia induced by temporary occlusion 
of the umbilical cord caused gasping and a change in 
tracheal pressure to ~75 mm Hg-for more than 1 sec- 
ond. In these circumstances, >10 ml of viscous amniotic 
fluid contaminated with meconium can be inhaled into 
the tracheobronchial tree.'® Obviously, transcervical 
amnioinfusion will not prevent meconium aspiration 
that may Have occurred before the onset of labor. 

Although meconium aspiration syndrome is a lead- 
ing cause of unanticipated neonatal mortality and mor- 
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bidity among term infants, this syndrome is a relatively 
uncommon complication. More patients will be needed 
to definitively study the effects of amnioinfusion on the 
syndrome. Power calculations reveal that >750 patients 
in each group will be needed to detect a reduction in 
the frequency of meconium aspiration syndrome from 
an incidence of 3% to 1% (a = 0.05 and B = 0.20). 
Despite the small number of patients in this study we 
were able to demonstrate beneficial effects of am- 
nioinfusion. The observed reduction in relative fetal- 
neonatal acidemia and the quantity of meconium below 
the vocal cords are two factors thought to be closely 
related to the development of meconium aspiration 
syndrome. 

It is unclear whether the observed reduction of rel- 
ative acidemia in the group that underwent amnioin- 
fusion is due to mechanical dilution of the meconium 
or some other mechanism. It is possible that the relative 
sparing of umbilical cord compression by amnioinfu- 
sion lessens the frequency of variable decelerations as 
labor progresses, and thus contributes to an improved 
acid-base status. Perhaps amnioinfusion ameliorates 
yet unknown factors involved in the pathogenesis of 
meconium-related complications. 

Collection of further data with this technique may 
assist investigators in the evaluation of the risk of me- 
conium aspiration before labor. The association be- 
tween meconium thickness and the incidence and se- 
verity of meconium aspiration may be studied in 
greater detail. 
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Lack of evidence of a vasodepressor role for relaxin in 


spontaneously hypertensive and normotensive pregnant rats 


Robert A. Ahokas, PhD, Baha M. Sibai, MD, and Garland D. Anderson, MD 


Memphis, Tennessee 


To test the possibility that the ovarian polypeptide hormone relaxin mediates the vasodepressor effect of 
pregnancy, we measured changes in blood pressure in three groups of spontaneously hypertensive and 
Wistar-Kyoto normotensive rats: (1) pregnant, bilaterally oophorectomized rats on postmating day 13, (2) 
pregnant, sham-oophorectomized rats on postmating day 13, and (3) nonpregnant, sham-oophorectomized 
rats after 13 days. The day before parturition we also measured the pressor responsiveness to angiotensin 
ll and norepinephrine. Systolic blood pressure fell significantly during the last week of gestation in both 
strains, reaching normotensive levels in the hypertensive rats by term. The pressor responsiveness to 
angiotensin ll, but not norepinephrine, of the pregnant rats was reduced compared with that of the 
nonpregnant rats in both strains. Oophorectomy did not prevent the fall in blood pressure or the decrease 
in vascular reactivity to angiotensin ll. Therefore, although ovarian relaxin secretion increases during 
pregnancy, it apparently does not decrease vascular sensitivity to angiotensin I| or cause vasodilation. (Am 


J Osster GYNECOL 1989;161:618-22.) 


Key words: Blood pressure, relaxin, pregnancy, angiotensin II, spontaneously hypertensive 


rat. 


Maternal cardiac output increases and total periph- 
eral vascular resistance decreases during normal preg- 
nancy in both humans and laboratory rats.' Pregnancy 
has a profound antihypertensive effect in hypertensive 
animals such as the spontaneously hypertensive rat. 
During the last third of gestation, blood pressure falls 
progressively and usually reaches normotensive levels 
by parturition.** The exact mechanism that causes 
these decreases is not known, but it is widely believed 
that a relative insensitivity to the pressor effects of an- 
giotensin,® perhaps mediated by prostanoids, may be 
involved. Recently a long-term vasodepressor action of 
relaxin, an ovarian polypeptide hormone produced in 
large amounts during pregnancy, has been described.’ 
In addition, the pregnancy-associated decrease in blood 
pressure in humans? and in rats’ coincides with in- 
creased circulating levels of relaxin. Long-term re- 
laxin infusion blunts the in vitro vasoconstrictor 
responses of various vascular beds to arginine va- 
sopressin and norepinephrine in spontaneously hy- 
pertensive rats,” similar to the responses observed 
in near-term pregnant spontaneously hypertensive 
rats.'' Together these observations suggest that re- 
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laxin may play a role in the attenuation of vas- 
cular responsiveness to pressor agents and the re- 
duction in blood pressure during normal pregnancy. 
This study was undertaken to determine if the removal 
of the source of endogenous relaxin (bilateral oopho- 
rectomy) would prevent the normal fall in blood pres- 
sure and the decrease in pressor responsiveness to 
vasoconstrictors during the last week of pregnancy 
in spontaneously hypertensive rats and normotensive 
Wistar-Kyoto rats. 


Material and methods 


Female spontaneously hypertensive rats and Wistar- 
Kyoto rats, 15 to 20 weeks old (Harlan Laboratories, 
Inc., Indianapolis) were housed at 23 + 1° C and a 
12:12 hour light-dark cycle (with lights on from 7 AM 
to 7 pm), and fed Purina rodent chow (Ralston Purina, 
St. Louis) as desired with tap water to drink. For breed- 
ing, the females were caged with mature male breeders 
(1:1) of the same strain, and vaginal smears were 
checked daily in the morning for the presence of sper- 
matozoa. Timed-pregnant females were then housed 
one per cage throughout pregnancy. Systolic blood 
pressure was measured weekly through the first 2 weeks 
of pregnancy and semidaily during the last week of 
pregnancy by means of tail-cuff plethysmography 
(ITC, Inċ., Woodland Hills, Calif.). Since the corpus 
luteum is the exclusive source of relaxin in the rat,’ 
bilateral oophorectomy was used to prevent the in- 
creased endogenous relaxin secretion. On day 13 of 
gestation the rats were anesthetized with methoxyflu- 
rane and a midline laparotomy was performed. Both 
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Fig. 1. Changes in systolic blood pressure (SBP) in nonpregnant and pregnant, spontaneously 
hypertensive (SHR) and normotensive Wistar-Kyoto (WKY) rats. Data plotted as mean + SEM. NP, 
Nonpregnant, sham-oophorectomized; PG, pregnant sham-oophorectomized; PG OX, pregnant, 
bilaterally oophorectomized. Asterisk indicates significant difference from NP of same strain 
(p = 0.05); double asterisk indicates significant difference between PG and PG OX of same strain 


(p = 0.005). 


ovaries were removed after ligation of the ovarian ves- 
sels (n = 9 spontaneously hypertensive rats; n = 7 
Wistar-Kyoto rats). In other rats the ovaries were 
only visualized (sham-oophorectomized) (n = 8 spon- 
taneously hypertensive rats; n = 8 Wistar-Kyoto rats). 
Nonpregnant females of each strain (n = 8 sponta- 
neously hypertensive rats; n = 7 Wistar-Kyoto rats) 
were also sham oophorectomized after 13 days. Preg- 
nancy was maintained in the oophorectomized rats by 
daily subcutaneous injection of 200 ng 17B-estradiol 
and 3 mg progesterone in 0.1 ml sesame oil. Both preg- 
nant and nonpregnant sham-oophorectomized rats re- 
ceived 0.1 ml sesame oil only. 

The day before expected delivery (postmating day 
21 for spontaneously hypertensive rats; postmating day 
20 for Wistar-Kyoto rats) whole-body pressor respon- 
siveness to angiotensin II and norepinephrine were 
measured. Catheters had been placed in the left carotid 
artery (for blood pressure measurement) and the right 
jugular vein (for vasoconstrictor infusion) the previous 
day. For these measurements, the rat was placed in a 
Plexiglas restrainer cage. The arterial catheter was con- 
nected to a Statham P23Gb strain-gauge pressure trans- 
ducer, and blood pressure was recorded continuously 
on a Gould 2200S physiologic recorder (Gould, Inc., 
Cleveland). After blood pressure stabilization (approx- 
imiately 30 minutes), mean blood pressure responses to 
bolus injections of angiotensin II (5 to 2000 ng/kg, 
intravenously) and norepinephrine (10 to 4000 ng/kg, 


intravenously) were measured, Each dose was con- 
tained in a volume of 50 wl and was flushed into the 
catheter with 0.2 ml of normal saline solution. Blood 
pressure was allowed to return to baseline between each 
dose; a l-hour recovery period was allowed between 
pressor substances. Dose-response curves for each 
pressor substance were generated from the maximum 
change in mean arterial pressure at each dose. Maxi- 
mum effect was estimated as the intercept of the linear 
regression line of the double reciprocal plot of dose 
and maximum blood pressure responses. The 50% ef- 
fective dose of each pressor substance was determined 
by log dose-probit analysis.'? 

The data were analyzed statistically by means of two- 
factor analysis of variance. Significant differences be- 
tween means were determined by the least-squares 
means method. Values of p = 0.05 were considered sta- 
tistically significant for all analyses. 


Results 


At conception systolic blood pressure of the spon- 
taneously hypertensive rats was significantly higher 
than that of the Wistar-Kyoto rats (Fig. 1). During the 
last week of gestation, systolic blood pressure of both 
the sham-oophorectomized and the bilaterally oopho- 
rectomized spontaneously hypertensive rats decreased 
progressively and was significantly lower than that 


of the nonpregnant spontaneously hypertensive rats - 
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Table I. Baseline values of mean arterial pressure, and angiotensin II, and norepinephrine maximum 
blood pressure effects and doses to induce 50% maximal effects in three groups of rats 














Angiotensin II Norepinephrine 
MAP Ena EDs Enas | 
(mm Hg) (mm Hg) (ng/kg) 

Spontaneously hypertensive rats í 

NP control 8 187 +3 37.6 + 2.8 17.4 + 4.8 45,5 + 4.5 508 + 170 

PG control 8 137 + 12* 63.8 + 4.1* 77.5 + 8.7* 53.0 + 4.0 698 + 118 

PG ovariec. 9 124 + 6* 66.9 + 3.1* 74.8 + 9.5* 51.3 + 2.3 681 + 81 
Wistar-Kyoto rats 

NP control 7 133 + 4f 45.7 + 2.4 59.2 + 7.1 414414 493 + 98 

PG control 8 101 + 3%,+ 52.6 + 1.9f 120.5 + 15.87} 41.1 + 2.6 673 + 99 

PG ovariec. 7 78 + 2%,4,5 53.4 + 2.7t 113.1 + 27.9* 40.0 + 5.9+ 688 + 88 








MAP, Mean arterial pressure; £,,,, maximum effect; EDs, 50% effective dose; N-P control, nonpregnant, sham- 


oophorectomized; PG control, term-pregnant, sham-oophorectomized; PG ovariec., pregnant, oophorectomized. 


Values are mean + SEM. 


*Significantly different from NP control (p = 0.05) of same strain. 
{Significantly different from spontaneously hypertensive rats (p = 0.05) of same group. 
Significantly different from PG control (p = 0.05) of same strain. 


sure of both the oophorectomized and the sham- 
oophorectomized pregnant spontaneously hyperten- 
sive rats was not significantly higher than that of the 
nonpregnant normotensive Wistar-Kyoto rats by day 
19. There were no significant differences in systolic 
blood pressure between oophorectomized and sham- 
oophorectomized spontaneously hypertensive rats at 
any time during gestation. The systolic blood pressure 
of pregnant normotensive Wistar-Kyoto rats also fell, 
although not as much as in the spontaneously hyper- 
tensive rats, during the last week of gestation and was 
significantly lower than that of the nonpregnant rats 
by day 19. Systolic blood pressure of the oophorectom- 
ized pregnant Wistar-Kyoto rats, unlike spontaneously 
hypertensive rats, was significantly lower than that of 
the sham-oophorectomized pregnant Wistar-Kyoto rats 
on day 20. 

The angiotensin I] dose—pressor response curves for 
both the oophorectomized and sham-oophorectomized 
pregnant rats were shifted to the right of the curves 
for the nonpregnant rats, in both the spontaneously 
hypertensive rats (Fig. 2, A) and Wistar-Kyoto rats ( Fig. 
2, B). The angiotensin II 50% effective dose and max- 
imum effect were significantly higher in both groups 
of pregnant spontaneously hypertensive rats compared 
with the nonpregnant spontaneously hypertensive rats 
(Table 1). In the normotensive Wistar-Kyoto rats, only 
the angiotensin II 50% effective dose was significantly 
increased in the pregnant rats in comparison with the 
nonpregnant rats. In addition, the angiotensin II dose- 
response curves for the normotensive Wistar-Kyoto rats 
were shifted to the right of those of the spontaneously 
hypertensive rats with a significantly higher angiotensin 
Il 50% effective dose. 


The norepinephrine dose-response curves of the 
pregnant spontaneously hypertensive rats (Fig. 3, A) 
and Wistar-Kyoto rats (Fig. 3, B) were similar ta those 
of the nonpregnant rats of each strain. There were no 
significant differences in the norepinephrine 50% ef- 
fective dose or maximum effect (Table I). 

Comment 

In the rat, as in humans, pregnancy is accompanied 
by a decrease in total peripheral vascular resistance and 
blood pressure. Although the mechanism causing va- 
sodilation is not entirely understood, it is widely be- 
lieved that attenuation of resistance vascular sensitivity 
to endogenous pressor substances such as angiotensin 
II plays a central role. Results of our study confirm 
those of Massicotte et al.'* that whole-body pressor 
responsiveness to angiotensin II is reduced in term- 
pregnant spontaneously hypertensive rats and Wistar- 
Kyoto rats in relation to nonpregnant rats (Fig. 2, Table 
I). However, we cannot state with certainty that the 
refractoriness of the vascular response to angiotensin 
H is the cause of the decrease in blood pressure. Whole- 
body pressor responsiveness to norepinephrine in 
term-pregnant rats was not significantly different from 
that of nonpregnant rats in either strain (Fig. 3, 
Table I). 

Increased plasma levels of relaxin are also associated 
with the decrease in blood pressure during pregnancy 
in the rat? and in humans.® The primary function of 
relaxin is apparently to relax the uterus and pubic sym- 
physis and to soften the cervix.’ Recently, however, 
relaxin has been observed to also have a vasodepressor 
action in the rat. Long-term intravenous infusions of 
homologous relaxin in cycling nonpregnant sponta- 
neously hypertensive rats markedly lowered systolic 
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Fig. 2. Angiotensin. If dose—pressor response curves for 
nonpregnant and term-pregnant spontaneously hypertensive 
(SHR) rats (A) and Wistar-Kyoto (WKY) rats (B). Data 
plotted as mean + SEM percentage of maximum change in 
mean arterial pressure (% Ana) at each dose against log of 
dose (nanograms per kilograrn). NP, Nonpregnant, sham- 
oophorectomized; PG, pregnant, sham-oophorectomized; PG 
OX, pregnant, bilaterally oophorectomized. 


blood pressure,” and blunted the constrictor response 
to arginine vasopressin and norepinephrine in the per- 
fused mesenteric vasculature.® The dose-resporise 
curves were nearly identical to those obtained from the 
perfused mesenteric vascular beds of 20- to 21-day- 
pregnant spontaneously hypertensive rats.'' These re- 
sults suggested that relaxin may be one of the circu- 
lating factors responsible for the decrease in vascular 
sensitivity to circulating vasoconstrictor hormories and 
blood pressure during pregnancy. However, when we 
prevented the pregnancy-associated increasé in endog- 
enous relaxin in both spontaneously hypertensive rats 
and normotensive Wistar-Kyoto rats by removing the 
ovaries on day 13 of gestation, systolic blood pressure 
fell normally during the last week of gestation (Fig. 1), 
and the in vivo vascular reactivity to exogenous angio- 
tensin II was attenuated to the same degree as in preg- 
nant sham-oophorectomized rats at term (Fig. 2, Table 
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Fig. 3. Norepinephrine dose—pressor response curves for 
nonpregnant and term-pregnant spontaneously hypertensive 
(SHR) rats (A) and Wistar-Kyoto (WKY) rats (B). Data 
plotted as mean + SEM percentage of maximum change in 
mean arterial pressure (% Ana) at each dose against log of 
dose (nanograms per kilogram). NP, Nonpregnant, sham- 
oophorectomized; PG, pregnant, sham-oophorectomized; PG 
OX, pregnant, bilaterally oophorectomized. 


I), suggesting that relaxin does not have a vasodepres- 
sor effect. An‘alternative explanation for these results 
is that other tissues may produce and secrete relaxin 
during pregnancy (relaxin is produced by the placenta 
in rabbits and horses, and by the endometrium in 
guinea pigs."). Although we did not measure plasma 
relaxin concentration at the end of the experiment be- 
cause of our lack of a homologous radioimmunoassay 
for rat relaxin, this explanation is not likely. it has been 
conclusively shown that the corpus luteum is the only 
tissue that produces relaxin in the rat; and plasma re- 
laxin immunoactivity falls rapidly to prepregnant levels 
with a mean clearance half-life of approximately 1 hour 
after bilateral ovariectomy on day 21 of pregnancy.’ 
Another alternative is that the ovaries may not have 
been entirely removed in our study. Some corpus lu- 
teum tissue may have remained and continued to pro- 
duce and secrete relaxin. This also is unlikely because 
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great c care was taken to ligate the ovarian vessels prox- 
imal to the ovaries, and both the ovaries and surround- 
ing fat were excised. Careful inspection at the end of 
the experiment revealed no trace of ovarian tissue. 

Although removal of the ovaries did not prevent the 
normal decrease in vascular reactivity and blood pres- 
sure associated with pregnancy, the factor(s) involved 
in these cardiovascular adaptations may nevertheless 
be of ovarian origin. Plasma levels of 17(-estradiol and 
progesterone increase throughout pregnancy, and re- 
cent evidence has shown that 178-estradiol infusion 
{although not progesterone), produced significant sys- 
temic vasodilation and suppressed the pressor, re- 
sponses to angiotensin II in nonpregnant oophorec- 
tomized ewes.!* Our results in rats indirectly support 
this observation. We maintained pregnancy in the oo- 
phorectomized ‘rats ‘by daily injection of pharmaco- 
logic doses of 17-estradiol and progesterone. Blood 
pressure in the oophorectomized’ pregnant Wistar- 
Kyoto ‘rats decreased even more than that of sham- 
oophorectomized pregnant rats and reached statistical 
significance by the day before delivery. This suggests 
that one or both steroids may induce vasodilation in a 
dose-dependent manner, but additional work is nec- 
essary to substantiate this possibility. 


We thank Ed B. Cannon for technical assistance and 
Kristopher Arheart for assistance in statistical analysis 
of the data. ` 


REFERENCES 

1. deSwiet M. The physiology of normal pregnancy. In: 
Rubin PC, ed. Handbook of hypertension. Hypertension 
in pregnancy. Amsterdam: Elsevier Science, 1988, vol 
1:1, i . bee 

2. Aoi W, Gable D, Cleary RE, Young PCM, Weinberger MH. 
The antihypertensive effect of pregnancy in sponta- 
neously hypertensive rats. Proc Soc Exp Biol Med 1976; 
153:13-5. 

3. Lorenz RP, Picchio LP, Weisz J, Lloyd T. The relationship 


September 1989 
Am J Obstet Gynecol 


between reproductive. performance and blood pressure 
in the spontaneously hypertensive rat. AM J OBSTET GY- 
NECOL 1984;150:519-23. 


. Ahokas RA, Reynolds SL, Wang Y-F, Anderson GD, Lip- 


shitz J. The effect of carbohydrate overfeeding on blood 
pressure in the pregnant, spontaneously hypertensive rat. 
AM J OBSTET GyNECOL 1986;155:1113-8. 


. Gant NF, Daly GL, Chand S, Whalley PJ, McDonald PC, 


A study of angiotensin II pressor response throughout 
primigravid pregnancy. J Clin Invest 1973;52:2682-9. 


. Broughton-Pipkin F, Hunter JC, Turner SR, O’Brien 


PMS. The effect of prostaglandin E; upon the biochemical 
response to infused angiotensin II in human pregnancy. 
Clin Sci 1984;66:399-406. 


. St-Louis J,.Massicotte G. Chronic detrease of blood pres- 


sure by rat relaxin in spontaneously hypertensive rats. 
Life Sci 1985;37:1351-7. 


. O'Byrne EM, Corriere BT, Sorensen L, Segaloff A, 


Schwabe C, Stinetz BG. Plasma immunoreactive relaxin 
levels in pregnant and nonpregnant women. j Clin En- 


~ docrinol Metab 1978;47:1106-10. 


10. 


LL. 


12. 


16. 


. Sherwood OD, Crnekovic VE, Gordon WL, Rutherford 


JE. Radioimmunoassay for relaxin throughout pregnancy 
and during parturition in the rat. Endocrinology 1980; 
107:691-8. 
Massicotte G, Parent A, St-Louis J. Blunted responses to 
vasoconstrictors in mesenteric vasculature but not in por- 
tal vein of spontaneously hypertensive rats treated with 
relaxin. Proc Soc Exp Biol Med 1989;190:254-9. 
Massicotte G, St-Louis J, Parent A, Schiffrin’ EL. De- 
creased in vitro responses to vasoconstrictors during ges- 
tation in normotensive and spontaneously hypertensive 
rats. Can J Physiol Pharmacol 1987;24:2466-71. 
Tallarida RJ, Murray RB. Manual of pharmacolegic cal- 
culations with computer programs. New York: Sponger 
Verlag, 1987:26. 


- Massicotte G, St-Louis J, Schiffrin EL. Blood pressure 


effects of angiotensin II and vasopressin in conscious 
pregnant normotensive and spontaneously hypertensive 
rats. Clin Exp Hypertens [B] 1986,B5:135-58. 


. Weiss G. Relaxin. Annu Rev Physiol 1984;46:43-52. 
. Naden RP, Rosenfold CR. Systemic and uterine re- 


Sponsiveness to angiotensin II and norepinephrine in 
estrogen-treated nonpregnant sheep. AM J Ossrer Gy- 
NECOL 1985;153:417-25. 

Tamai T, Matsuura S, Tatsumi N, Takaaki N, Sagawa N. 
Role of sex, steroid hormones in relative refractoriness to 
angiotensin II during pregnancy. AM J OBSTET GYNECOL 
1984; 149:177-83. 


Perinatal factors influencing atrial natriuretic peptide levels in 


umbilical arterial plasma at the time of delivery 


Lony C. Castro, MD, Chander P. Arora, PhD, Kay E. Roll, RN, Deborah A. Sassoon, MD, 
and Calvin J. Hobel, MD 


Los Angeles, California 


Little is known about atrial natriuretic peptide metabolism or secretion in the human fetus. The purpose of 
this study was to determine if both the placenta and umbilical vessels are possible sites of atrial natriuretic 
peptide metabolism and to evaluate the effects that labor, route of delivery, prolonged pregnancy, 
preeclampsia, and fetal distress have on umbilical arterial atrial natriuretic peptide levels. We found that 
plasma atrial natriuretic peptide levels in the umbilical artery are significantly greater than those in the vein 
(p < 0.001), Umbilical arterial and umbilical venous atrial natriuretic peptide levels were higher in plasma 
samples collected immediately at delivery when compared with those obtained 10 minutes later 

(p < 0.001). Umbilical arterial atrial natriuretic peptide levels were elevated in pregnancies complicated by 
preeclampsia and fetal distress (p < 0,01). Labor, route of delivery, and prolonged pregnancy had no 
effect on umbilical arterial atrial natriuretic peptide levels. We propose that both the placenta and umbilical 
vessels contain atrial natriuretic peptide receptors that are involved in the clearance or metabolism of atrial 
natriuretic peptide. The increased umbilical arterial atrial natriuretic peptide levels present in preeclampsia 


and fetal distress may reflect an attempt by the fetus to regulate blood flow. (AM J OBSTET GYNECOL 


1989;161:623-7.) 


Key words: Atrial natriuretic peptide, umbilical artery, fetal distress 


Atrial natriuretic peptide (ANP) refers to a family of 
peptides secreted by the heart that are involved in 
the regulation: of blood pressure and blood volume 
through a variety of effects on the cardiovascular, renal, 
and endocrine svstems.' The major stimulus for ANP 
release appears to be atrial distension, but neural and 
humoral factors,” as well as alterations in myocardial 
work, may also modulate ANP secretion. ANP is 
cleared rapidly from the circulation of adults probably 
by binding to specific receptors located in many vas- 
cular beds.*® There is also evidence for a much slower 
degradation of ANP, possibly by a circulating pep- 
tidase.’ 

ANP has been identified in the fetal heart and cir- 
culation of a number of mammalian species. The ovine 
fetus has been the most intensively studied and has been 
shown to respond to infused ANP with an increase in 
urine output, as well as a decrease in. blood: pressure 
and blood volume.’ Two seemingly disparate stimuli, 
intravascular volume expansion and acute hypoxia with 
accompanying volume depletion, have been shown to 
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stimulate ANP release in’ fetal sheep.” Under basal 
conditions, ovine fetal plasma ANP levels have been 
shown to be higher than maternal levels. Experiments 
demonstrating that fetal plasma ANP clearance rates 
exceed maternal rates suggest that the high baseline 
fetal levels are due to an increase in the secretion of 
ANP by the fetus." 

Little is known about the metabolism or secretion of 
ANP in the human fetus. The possibility that the pla- 
centa may be a site of ANP clearance or metabolism is 
suggested by a recent report documenting the presence 
of ANP receptors on the fetal side of the placenta.” 
An umbilical arterial-venous difference in ANP levels 
has also been reported by one group but this has not 
been confirmed by others.'*™ Information about pos- 
sible stimuli for ANP secretion in the human fetus is 
also limited. However, one can postulate that relatively 
common conditions such as advanced gestational age, 
preeclampsia, and fetal distress, which may be associ- 
ated with hypoxia or alterations in the fetal cardiovas- 
cular system and hormonal environment, could affect 
fetal ANP secretion. l 

The purpose of this study was to determine if both 
the placenta and umbilical vessels are possible sites of 
ANP clearance or metabolism and to determine if a 
circulating peptidase with the capability of degrading 
ANP is present in the umbilical placental circulation. 
We also attempted to evaluate the effects that pro- 
longed pregnancy, preeclampsia, and fetal distress-have 
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Fig. 1. Amount of ANP (expressed as percent of recovery of 


added ANP) in umbilical plasma incubated at 37° C for up to 
30 minutes. 


on umbilical arterial ANP levels at the time of delivery. 
Because labor and route of delivery could have con- 
founding effects on the above variables, their influence 
on umbilical arterial ANP levels was also examined. 


Material and methods 


ANP metabolism by the placenta and umbilical ves- 
sels. To evaluate placental ANP metabolism, 165 paired 
uthbilical arterial and umbilical venous blood samples 
were collected from double-clamped umbilical cords 
immediately’ at the time of delivery. To ‘evaluate the 
possibility of ANP metabolism i in the umbilical vessels, 
paired umbilical arterial (n= 65) or umbilical venous 
(n= 61) blood samples were collected: The first sample 
was obtained’ from a double-clamped umbilical cord 
immediately at delivery and the second was obtained 
approximately 10 minutes after delivery (range 9to 12 
minutes). 

ANP degradation by a circulating peptidase. use 
bilical’ arterial and venous blood was collected at the 
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Table I. ANP levels at deliyery and 10 minutes 
after delivery 





: ` ANP (pg/ml) 
Samples 


(mean + SEM) f Value 
At delivery (n = 165) “ <0.001 - 
Umbilical artery 98 + 15 
Umbilical vein 56 +9 
Umbilical artery <0.001 
(n ="65) > i 
At delivery 80 + 14 
10min after delivery 4549 
Umbilical vein (n = 62) <0.001 
At delivery 45 +8 
10, min after delivery 8144 





time of delivery in tubes containing ethylenediamine- 
tetraacetic acid (1.0 mg/ml), pooled, and centrifuged 
at 2000 g for 10 minutes at 4° C. ANP (260 pg/ml) was 
added to the plasma and the plasma was incubated at 
37° C. -Aliquots of plasma were then removed, ex- 
tracted, and assayed for ANP after 0, 1, 5, 10, 15, 20, 
and 30 minutes of incubation. Each incubation’ study 
used the pooled umbilical plasma samples from four 
patients, and 16 patients were studied in a total of four 
separate incubations. 

Selection of patient groups. Umbilical arterial cord 
blood was collected for ANP from a double-clamped 
cord within | minute of delivery in five groups of pa, 
tients. 

Group 1: Normal soiirols Wingtecn patients with ges- 
tational ages from 37 to 40 weeks had spontaneous 
vaginal deliveries. None of the pregnancies had any 
antenatal, intrapartum, postpartum, or neonatal com- 
plications. Birth weights ranged from ‘2880 to 3729 gm 
and all 1- and 5-minute Apgar scores were >8. The 
only medications administered during labor c or delivery 
were epidural or local anesthetics. 

Group 2: Elective.cesarean section. Ten patients between 
37 and 40 weeks’ gestation were delivered’ by elective 
cesarean ‘section without labor. Eight were repeat ce- 
sarean sections and two were done’ because of breech 
presentations. As in the normal control group, this 
group had no complications. Birth weights ranged. 
from 3345 to 4000 gm. All 1- and 5-minute Apgar 
scores were 28, All patients had epidural z anesthesia 
for delivery. 

` Group 3: Prolonged pregnancies. Twenty-one patients 
were delivered between 41 and 43 weeks’ gestation. 
Medications administered’ in labor included fentanyl 
and Pitocin, as well as epidural anesthesia. Patients in 
this group had either vaginal or cesarean ‘section de- 
liveries. All had normal fetal heart rate tracings during 
labor with the ‘exception of three patients with fetal 
heart rate tracings showing either Severe variable or 
repetitive late decelerations. Each of these patients had 
umbilical arterial pH values at delivery that were >7.25. 
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Fig. 2. Umbilical arterial ANP levels in different groups studied. Asterisk, p < 0.01 versus uncom- 


plicated vaginal delivery at term. 


All 1- and 5-minute Apgar scores were 27. Birth 
weights ranged from 2800 to 4200 gm and there were 
no neonatal complications. 

Group 4: Preeclampsia. Eight patients between 27 and 
42 weeks’ gestation were delivered with a diagnosis of 
preeclampsia according to the criteria of the American 
College of Obstetricians and Gynecologists.’ Three 
had mild preeclampsia and five had severe preeclamp- 
sia. Blood pressures before delivery ranged from 
140/85 to 160/110 mm Hg and qualitative urine pro- 
tein levels obtained from catheterized urine specimens 
ranged from 2+ to 4+. None of the patients had a 
history of chronic hypertension or renal disease. All 
patients received magnesium sulfate and one received 
hydralazine before delivery. Five had cesarean sections 
and three were delivered vaginally. Six of these patients 
had regional anesthesia for delivery and one received 
general anesthesia. All but one of the patients had nor- 
mal fetal heart rate tracings. This fetal heart rate trac- 
ing showed a tachycardia with decreased variability. 
The umbilical arterial pH at delivery was 7.32. The 
neonate was born to a mother with severe preeclampsia 
at 27 weeks’ gestation and had l- and 5-minute Apgar 
scores of 3 and 8. This neonate subsequently died of 


severe respiratory distress and prematurity. The re- 
maining seven neonates had l- and 5-minute Apgar 
scores that were 28. Neonatal complications included 
two neonatal deaths—one caused by respiratory dis- 
tress as noted and one caused by congenital cyto- 
megalovirus pneumonia. 

Group 5: Fetal distress. Ten patients delivered between 
31 and 42 weeks’ gestation had abnormal fetal heart 
rate tracings during labor (either severe variable de- 
celerations, repetitive late decelerations, prolonged 
bradycardias, and/or tachycardias with decreased vari- 
ability). Each of these was associated with an umbilical 
arterial pH at delivery <7.20 (range 6.85 to 7.20), with 
the exception of one fetus for whom an umbilical blood 
gas value was not obtained but whose scalp blood pH 
just before delivery was 7.20. Six of these patients were 
delivered by cesarean section and four had vaginal de- 
liveries. One-minute Apgar scores ranged from 3 to 8 
and all 5-minute Apgar scores were 28. Neonatal com- 
plications included one neonatal death attributed to 
asphyxia and probable sepsis. 

Blood collection, plasma extraction, and ANP ra- 
dioimmunoassay. All blood, with the exception of that 
used for the ANP degradation studies, was collected in 
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chilled test tubes containing ethylenediaminetetraacetic 
acid (1.0 mg/ml) and aprotinin (500 kallikrein inhibitor 
units per milliliter). The blood was centrifuged at 2000 
g for 10 minutes at 4° C. The procedures we used for 
the plasma extractions and ANP radioimmunoassay 
have been previously described in detail. In brief, the 
plasma was extracted under acidic conditions on C-18 
Sep Pak columns (Waters Associates, Milford, Mass.). 
ANP was measured with a double-antibody radioim- 
munoassay with antihuman ANP (99-126) obtained 
from Peninsula Laboratories (Belmont, Calif.). Human 


ANP (99-126) was also used as the standard and label 


(Peninsula Laboratories). The interassay and intraassay 
variabilities were 8% and 4.5%, respectively. 

Statistical analysis. All data are presented as the 
mean and standard error of the man. Paired or un- 
paired ¢ tests (with Bonferroni correction for multiple 
comparisons) or one-way analysis of variance were used 
for statistical analysis. A p value <0.05 was considered 
significant except where the Bonferroni correction was 
used, in which case a p value <0.01] was significant. 

This study had the approval of the institution’s Hu- 
man Subjects Committee and it was determined that 
consent forms were not necessary for the collection of 
umbilical cord blood. 


Results 


Table I shows the plasma ANP levels obtained in 
paired umbilical arterial and venous samples collected 
at the time of delivery. The levels in the umbilical artery 
were significantly higher than those in the umbilical 
vein (p < 0.001). Table I also shows the ANP levels in 
paired umbilical arterial samples. The ANP levels 
present in the umbilical artery at the time of delivery 
were almost 100% greater than those in the artery 
10 minutes later (p < 0.001). The bottom of Table I 
shows the ANP levels in paired umbilical venous spec- 
imens. Again the levels in the umbilical vein at the time 
of delivery were greater than those 10 minutes later 
(p < 0.001). 

Fig. 1 shows the ANP incubation studies done to 
determine if a peptidase that can degrade ANP is pres- 
ent in the umbilical circulation. The recovery of added 
ANP was 94% at 4° C and did not change when the 
plasma was incubated at 37° C for up to 30 minutes. 

Fig. 2 shows the plasma ANP levels obtained in the 
umbilical artery at the time of delivery in the different 
patient groups studied. The average level in the normal 
population that underwent vaginal delivery at term was 
51 + 11 pg/ml. This level was not significantly differ- 
ent from the ANP levels obtained in the group deliv- 
ered by cesarean section without labor or the group 
with prolonged pregnancies uncomplicated by fetal dis- 
tress. The groups with preeclampsia and fetal distress 
both had significantly higher ANP levels (147 + 41 and 
334 + 140 pg/ml, respectively) than the normal pop- 
ulation at term (p < 0.01). 
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Comment 


In this study we have attempted to identify some of 
the factors that may be involved in human fetal ANP 
metabolism and secretion. Our finding that umbilical 
arterial ANP levels are significantly greater than venous 
levels is in agreement with an earlier report by Yamaji 
et al. and suggests that the placenta may be involved 
in the degradation or clearance of ANP. This is sup- 
ported by a recent study that identified ANP receptors 
on the fetal side of the placenta.'? Other investigators 
have failed to find any umbilical arterial-venous dif- 
ference in ANP levels.’ This could be related to the 
time interval from delivery to sampling of the umbilical 


‘vessels. In our study the average arterial-venous dif- 


ference in ANP levels was 42 pg/ml when the samples 
were obtained at the time of delivery but was only 16 
pg/ml when the samples were collected 10 minutes 
later. 

The difference in ANP levels present in paired um- 
bilical arterial (and paired umbilical venous) samples 


. collected 10 minutes apart suggests that the umbilical 


vessels themselves are possible sites of ANP uptake or 
metabolism. This does not appear to be due to the 
presence of a circulating peptidase in the umbilical pla- 
cental circulation because we did not observe any deg- 
radation of exogenous ANP in umbilical plasma after 
30 minutes of incubation at 37° C. The umbilical vas- 
cular endothelium may contain receptors responsible 
for the uptake and clearance of ANP from the circu- 
lation. In adults, ANP receptors have been localized to 
the endothelium and smooth muscle of large and small 
vessels.° , 

Our results suggest that labor and route of delivery 
(vaginal vs. abdominal) have no significant effect on 
umbilical arterial ANP levels. Prolonged pregnancy (in 
the absence of fetal acidosis or maternal complications) 
also had no effect on ANP levels. However, both pre- 
eclampsia and fetal distress were associated with sig- 
nificantly higher ANP levels in the umbilical artery than 
were found in the normal control group. Although 
gestational age differences may account for the ele- 
vated ANP levels, we doubt this because ANP levels 
obtained at the time of cordocentesis have been shown 
to be unrelated to gestational age.” In addition, the 
present study shows that the gestational age difference 
between term and prolonged pregnancies is not asso- 
ciated with any changes in ANP levels. 

There are several potential explanations for the el- 
evated umbilical arterial ANP levels found in the group 
with preeclampsia. Doppler studies of the human um- 
bilical placental circulation have shown an increase in 
umbilical vascular resistance in pregnancies compli- 
cated by preeclampsia. The increased vascular resis- , 
tance could stimulate ANP release from the héart 
through changes in myocardial work, a proposed de- 
terminant of ANP secretion.’ The fetus may also be 
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relatively volume-depleted and the functioning placen- 
tal mass may be decreased. Thus a decrease in the vol- 
ume of distribution and/or a decrease in the clearance 
of ANP from the circulation may be responsible for the 
elevated ANP levels. This study cannot distinguish be- 
tween these possibilities. 

Umbilical arterial ANP levels were also elevated in 
the group with fetal distress. Because of our relatively 
small numbers we did not attempt to analyze our results 
with respect to the cause of the fetal distress. However, 
all subjects had in common an umbilical arterial pH (or 
scalp sample) of <7.20. Fetal acidosis has been re- 
ported to be associated with elevations in fetal plasma 
norepinephrine, epinephrine, and arginine vasopres- 
sin levels.'* °° Perfusion of the isolated rat heart with 
epinephrine has been shown to stimulate ANP secre- 
tion, an effect that appears to be mediated by both a- 
and B-adrenergic receptors.” Arginine vasopressin has 
been shown to stimulate ANP release in vivo presum- 
ably as a result of secondary hemodynamic changes.’ 
Hypoxia can also stimulate ANP secretion by as yet 
poorly understood factors. In the fetus hypoxia and 
acidosis may be accompanied by hypertension, which 
could stimulate ANP release through alterations in 
myocardial work. As noted for the group with pre- 
eclampsia, alterations in clearance or volume of distri- 
bution may also be partially responsible for the high 
ANP levels. 

The physiologic significance of the high ANP levels 
present in the umbilical circulation of patients with pre- 
eclampsia or fetal distress requires further investiga- 
tion. However, we postulate that ANP may be one factor 
by which the fetus attempts to regulate blood flow. 
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Impact of antenatal dexamethasone administration on 


respiratory distress syndrome in surfactant-treated infants 


Elaine E. Farrell, MD, Richard K. Silver, MD, Lois V. Kimberlin, RN, Eileen S. Wolf, RN, 


and Joanne M. Dusik, RN 
Evanston, Illinois 


Neonatal lung disease is primarily responsible for the perinatal morbidity and mortality associated with 
preterm birth. Recently exogenous surfactant replacement therapy has been used to prevent or treat 
respiratory distress syndrome. As part of a multicenter, preventive trial between February 1986 and 
December 1988 using calf-lung surfactant extract, we treated 147 infants with single dose calf-lung 
surfactant extract. We analyzed this experience to evaluate the possibility that antenatal steroids may be 
additive (with calf-lung surfactant extract) in reducing both the incidence and severity of respiratory distress 
syndrome. Although a reduction in the incidence of respiratory distress syndrome was observed among 
the 33 neonates exposed to antenatal dexamethasone when compared with the 114 infants given calf-lung 
surfactant extract alone, the difference was not significant (37.7% vs. 24.2% p = 0.15). However, 
comparison of neonatal subsets previously shown to benefit most from steroid use revealed an additive 
effect between calf-lung surfactant extract and dexamethasone in reducing both the incidence and severity 
of respiratory distress syndrome. Of the 99 singleton pregnancies, only 2 of 16 infants treated with 
calf-lung surfactant extract and dexamethasone developed respiratory distress syndrome, compared with 
the 33 of 83 calf-lung surfactant extract cases (p < 0.05). A similar reduction was observed in infants 
between 28 and 32 weeks’ gestation (calf-lung surfactant extract, 21 of 79 vs. calf-lung surfactant extract 
and dexamethasone, 0 of 24; p < 0.05). A reduction in disease severity was observed in male offspring 
(moderate or severe respiratory distress syndrome only; 22 of 63 vs. 2 of 22; p < 0.05). Potential 
confounding variables (e.g., gestational age at birth, birth weight, exposure to tocolytics before delivery, 
fetal pH at birth) were similar in all comparisons. We conclude that an additive effect between 
dexamethasone and calf-lung surfactant extract is observed in selected cases. It may therefore be 
appropriate to maximize antenatal steroid use in centers where exogenous surfactant is available. (AM J 


OssTeT GYNECOL 1989;161 :628-33.) 


Key words: Dexamethasone, respiratory distress, surfactant 


Neonatal lung disease is primarily responsible for the 
perinatal morbidity and mortality associated with pre- 
term birth. Until recently, specific therapy aimed at 
reducing the incidence of respiratory distress syndrome 
(RDS) has been limited to antenatal management strat- 
egies. These have included preterm labor prevention 
through risk assessment, early diagnosis, and aggressive 
use of tocolytic therapy and selected administration of 
antenatal steroids. The efficacy of steroid therapy in 
reducing the incidence of RDS has been confirmed in 
many studies,'* including the national collaborative 
trial.t However, maternal steroid therapy is generally 
underutilized because of many factors, including the 
unanticipated nature of preterm delivery, the inability 
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to delay delivery until steroid therapy can be com- 
pleted, and the limited obstetric endorsement of this 
approach. In contrast, postnatal therapy with exoge- 
nous surfactant has shown great promise as both a pro- 
phylactic measure (to prevent RDS in neonates at risk) 
and a specific therapy (given after the diagnosis of RDS 
is made). Randomized preventative trials have dem- 
onstrated a significant reduction in the incidence of 
RDS with both bovine and human preparations of sur- 
factant.®” Improved outcome has also been reported in 
prospective trials designed to treat neonates with es- 
tablished RDS.** 

At first glance the encouraging results with surfactant 
replacement therapy, combined with the ability to pro- 
spectively identify and treat all neonates at risk, would 
favor surfactant treatment over antenatal steroid ad- 
ministration. However, in one report neonates exposed 
to both maternal steroid therapy and postnatal surfac- 
tant replacement had the lowest incidence of RDS when 
compared with patients receiving either treatment 
alone.'® A synergistic response has also been identified 
in preterm animal models.'' '? As part of a multicenter, 
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preventive trial with calf-lung surfactant extract, we 
have treated infants born between 24 and 32 weeks’ 
gestation with calf-lung surfactant extract. In this re- 
port we analyze our own experience to evaluate the 
possibility that antenatal steroids may be additive (with 
calf-lung surfactant extract) in reducing both the in- 
cidence and severity of RDS. 


Material and methods 


Study population. Between February 1986 and De- 
cember 1988 calf-lung surfactant extract was admin- 
istered to 147 neonates delivered from 121 patients, 
between 24 and 32 weeks of gestation. Obstetric com- 
plications included advanced preterm labor, single- 
agent tocolytic failure, bleeding placenta previa, and 
maternal conditions that warranted preterm delivery. 
Multiple births complicated 22 pregnancies (twins = 
19, triplets = 1, quadruplets = 2) and accounted for 
48 neonates (1 twin-acardiac pair). A total of 45 neo- 
nates were exposed to antenatal steroid therapy, but 
only 33 completed therapy before delivery. These in- 
fants were compared with the remaining 114 neonates 
treated with calf-lung surfactant extract alone. 

Steroid administration. Steroid therapy was admin- 
istered at the discretion of the managing obstetrician. 
The decision to treat was independent of consent for 
the calf-lung surfactant extract trial. Dexamethasone 
(5 mg) was given intramuscularly every 12 hours for a 
total of four doses. Repeat administration was ac- 
complished every 7 days until either delivery or 32 
weeks’ gestation. A mature phospholipid profile (leci- 
thin/sphingomyelin ratio = 3:1) precluded both ste- 
roid therapy and calf-lung surfactant extract admin- 
istration. 

Calf-lung surfactant extract. Calf-lung surfactant 
extract is derived from saline lavage of fresh calf lungs; 
its physical and chemical properties are similar to en- 
dogenous surfactant.’ The infants in this study were 
enrolled as part of a phase III, uncontrolled, open trial 
sponsored by the Department of Pediatrics at Buffalo 
Children’s Hospital]. Administration of calf-lung sur- 
factant extract followed an established protocol.’ Im- 
mediately after delivery and before assisted ventilation, 
the neonatology staff intubated each infant and intro- 
duced ‘calf-lung surfactant extract through a specially 
adapted endotracheal tube. The dose of calf-lung sur- 
factant extract was chosen based on gestational age and 
estimated fetal weight by ultrasonography. For gesta- 
tional ages <29 weeks or weights <1200 gm, 3 ml (105 
mg) of calf-lung surfactant extract was administered. 
A dose of 210 mg was used in the remaining infants. 
After instillation, ventilation was established and the 
infant was stabilized and transferred to the special care 
nursery. Further treatments were provided in a routine 
fashion with the exception that endotracheal suctioning 
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Table I. Comparison of selected perinatal 
variables between calf-lung surfactant 
extract and calf-lung surfactant plus 
dexamethasone groups 


















Calf-lung 
Calf-lung surfactant 
surfactant extract plus 
extract dexamethasone 


(N = 114) 





Maternal transport 47 41.2 10 80.3 
Membrane rupture be- 59 517 14 42.4 
fore delivery 
Multiple gestations 29 25.4 17 51.5% 
Tocolytic therapy 113 99.1 33 100.0 
Cesarean section 55 48.2 23 69.7+ 
Mean cord arterial pH 7.34 + 0.10 7.33 + 0.15 
Cord arterial pH <7.20 7 ‘6.1 3 9.1 
*p < 0.01. 
tp < 0.05. 


was withheld for the first 2 hours after calf-lung sur- 
factant extract instillation. 

Definition of RDS. The diagnosis of RDS was made 
in those neonates who demonstrated (1) an oxygen re- 
quirement beyond 24 hours of life, (2) serial chest 
roentgenographic findings (reticulogranular pattern), 
and (3) a clinical course and ventilatory parameters 
compatible with the diagnosis. Respiratory distress syn- 
drome was defined as mild if the Fio, remained <0.40 
and the mean airway pressure was <8 mm H,O. Fios 
and mean airway pressure values of 0.40 to 0.69 and 
8 to ll, respectively, defined moderate RDS, whereas 
neonates with Fio, >0.70 and mean airway pressure 
>12 were considered to have severe disease. 

Data analysis. Maternal records were reviewed and 
both demographic and obstetric variables were coded. 
Neonatal data were obtained including categoric vari- 
ables (e.g., the incidence and severity of RDS, intra- 
ventricular hemorrhage, pneumothorax and pulmo- 
nary interstitial emphysema, necrotizing enterocolitis 
and bronchopulmonary dysplasia), and continuous 
measures (e.g., specific ventilator parameters). Com- 
parison between the two groups was accomplished with 
x? analysis for discrete data and unpaired, two-tailed 
t tests for continuous variables. Significance was con- 
sidered at p < 0.05. 


Results 


Comparison of maternal demographics and indica- 
tions for delivery were similar in both the calf-lung 
surfactant extract only and calf-lung surfactant extract 
plus dexamethasone groups. Mean gestational age was 
the same in each group (29.3 weeks), and mean birth 
weights were also similar (calf-lung surfactant extract, 
1340 gm vs. calf-lung surfactant extract plus dexa- 
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Table II. Comparison of neonatal outcome 
between calf-lung surfactant extract and 
calf-lung surfactant extract plus 
dexamethasone groups 













7 Calf-lung 
Calf-lung surfactant 
surfactant extract plus 

extract dexamethasone 
(N = 114) (N = 33) 





Variables 


Respiratory distress syndrome’ 43 37.7 8 24,2 
Intraventricular hemorrhage 21 18.4 3 9.1 
3.0 


Intraventricular hemorrhage 10 8.8 1 

grade 3 or 4 
Bronchopulmonary dysplasia 19 16.7 6 18.2 
Patent ductus arteriosus 15 13.2 3 9.1 
Pneumothoraces/PIE | - l4 123 5 15.2 
Mortality- 24 2L 7 21.2 
Mortality-respiratory cause 13 114 4 12.1 





PIE, Pulmonary interstitial emphysema: 


methasone, 1231 gm). Table I outlines other perinatal 
variables in this comparison. A greater proportion of 
multiple births was observed in the calf-lung surfactant 
extract plus dexamethasone group (17/33 vs, 29 of 114; 
p < 0.01), which accounted for part of the difference 
seen in the fate of cesarean delivery. Exposure to to- 
colytic therapy was equivalent in both groups, and no 
differences were identified in fetal acid-base status at 
birth (as measured by arterial cord pH or the propor- 
tion of.acidemic values with pH <7.20). 

Comparison of neonatal.outcome is shown in Table 
H. Although a trend favoring neonates treated with 
calf-lung surfactant extract plus dexamethasone with 
regard to RDS and intraventricular hemorrhage was 
noted, the outcomes were similar. Because of the dis- 
parity in multiple births, we performed the same com- 
parisons, restricting analysis to singleton pregnancies 
only. Table III summarizes these observations. A sig- 
nificant reduction in the incidence of RDS was ob- 
served; no infant had moderate or severe disease in the 
calf-lung surfactant extract plus dexamethasone group. 
Although no statistical differences in mortality were 
encountered, 11 of the 12 respiratory deaths occurred 
in the calf-lung surfactant extract group. In addition, 
16 of 17 -intraventricular hemorrhages were found in 
those neonates who received calf-lung surfactant ex- 
tract only. The fetal acid-base status, male/female ratio, 
‘gestational age at delivery, and birth weights were all 
similar in this comparison. 

Because the benefit of antenatal steroid therapy is 
less certain before 28 weeks’ gestation, we also analyzed 
the data after excluding those infants delivered be- 
tween 24 and 27 weeks of pregnancy (Table IV). A 
reduction in the incidence and severity of RDS was 
again observed in this calf-lung surfactant extract plus 
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Table III. Comparison of neonatal outcome 
between -calf-lung surfactant extract and 
calf-lung surfactant extract plus 
dexamethasone groups: Singleton 
pregnancies (N = 99) 


















Calf-lung 

Calf-lung surfactant 

surfactant extract plus 
extract dexamethasone 






(n = 83) {n =16) 






Variables 





Respiratory distress 33 39.8 12.5* 
syndrome : 
Respiratory distress 21 25.3 0 — 

syndrome-——moderate 
or severe S 
Intraventricular hem- 16 19.3 1 6.3 
orrhage i 
Intraventricular hemor- 8 9.6 0 — 


rhage grade 3 or 4 
Bronchopulmonary dys- 14 16.9 3 18.8 


plasia 
Pneumothoraces/PIE 13 15.7 4 25.0 
Mortality 19 22.9 3 18.8 
Mortality—respiratory 11 13.3 1 6.3 

cause 
Gestational age at 

delivery (weeks, 

mean + SD) 29.1 + 3.1 29.9 +1.8 
Birth weight (gm, 

mean + SD) 1289 + 496 1313 + 507 | 





PIE, Pulmonary interstitial emphysema. 
*b < 0.05. 


dexamethasone cohort, This reduction occurred de- 
spite a trend toward lower birth weight and lesser ges- 
tational age in the ‘calf-lung: surfactant extract plus 
dexamethasone group (p < 0.1 for both comparisons). 
The diagnosis of small for gestational age (<10th per- 
centile birth weight) did not confound this comparison 
(calf-lung surfactant extract, n = 4; calf-lung surfac- 
tant extract plus dexamethasone, n = 3), and no dif- 
ferences in either the percentage of multiple births or 
in the male/female ratio were seen. 

Since the benefit of antenatal steroid therapy is pre- 
sumedly greatest in female and nonwhite infants," anal- 
yses were also accomplished with gender and race as 
independent variables. As shown in Table V, female 
neonates experiericed more favorable outcomes with 
regard to both respiratory disease and survival. These 
differences could not be attributed to more frequent 
steroid treatment in the female group. In fact, 22 (26%) 
of the males were exposed to dexamethasone compared 
with only 11 (18%) females. To determine if an inad- 
equate response to antenatal steroids (by the male fetus) 
was responsible for the better female outcome, we an- 
alyzed the males separately (comparing steroid treated 
and untreated subsets, Table VI). A significant reduc- 
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Table IV. Comparison of neonatal outcome 
between calf-lung surfactant extract and 
calf-lung surfactant extract plus 
dexamethasone groups: Gestational ase 28 to 
32 weeks (N =103) 















Calf-lung 
Calf-lung surfactant extract 
surfactant plus 
extract dexamethasone 





Respiratory distress 21 27.8 1 © 4.2% 
syndrome 
Respiratory distress 13 16.5 0 _* 
’ syndrome—moderate 
or severe 
Intraventricular hem- 10 12.6 l 4.2 
orrhage ; 
Intraventricular hemor- 3 3.8 0 _ 
rhage grade 3 or 4 ; 
Bronchopulmonary dys- 5 6.3 l 4.2 
plasia . 
Pneumothoraces/ PIE 7 8.8 3 12.5 
Mortality vee 10 12.7 2 8.3 
Mortality —respizatory 3 3.8 1 4.2 
cause ` 
Gestational age at deliv- 
ery (weeks, 
mean + SD) 31.0 + 1.7 30.4 + 1.4 
Birth weight (gm, 
mean +-SD) 1568 + 410 1430 + 390 


PIE, Pulmonary interstitial emphysema. 
*p < 0.05, ` l 


tion in moderate or severe RDS was observed in the 
calf-lung surfactant extract plus dexamethasone male 
cohort despite a disproportionate number of multiple 
births in that same group (55% vs. 14%; p < 0.001). An 
overall reduction inthe incidence of RDS was also ob- 
served in the nonwhite neonates when compared with 
white infants (21% vs. 41%; p < 0.05) despite similar 
exposure to antenatal dexamethasone. 


Comment - 


In this study we observed a consistent reduction in 
both the incidence and severity of RDS in selected neo- 
nates receiving calf- -lung surfactant extract after ex- 
posure to antenatal dexamethasone. The fact that ste- 
roid administration was at the discretion of the man- 
aging physician may have introduced selection bias. 
However, potential confounding variables, as com- 
pared between the steroid-treated and untreated 
groups, were similar. The absence of a steroid-only co- 
hort was not intentional. Since the introduction of the 
calf-lung surfactant extract trial at our institution, 
nearly uniform consent has been obtained so that all 
eligible infants have received the surfactant prepara- 
tion. Therefore any neonate exposed to steroids would 
eventually receive calf-lung surfactant extract if deliv- 
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Table V. Comparison of neonatal outcome: 
male versus female infants 









Female 
(N = 62) 





Variables 


43.5 l4 22.6* 


Respiratory distress 
syndrome 
Respiratory distress 25 29.4 6 9.7* 
syndrome— 
moderate or severe 
Intraventricular hemor- 13 15.3 15 242 
rhage 
Mortality 23 27.1. 7 11.3ł 
Mortality— respiratory 15 17.6 2 3.2* 
_ cause 
Gestational age at deliv- 
ery (weeks, 
mean + SD) 
Birth weight (gm, 
mean + SD) 1315 + 524 1316 + 452 
Calf-lung surfactant ex- 22 25.8 1] «17.7 
. tract plus dexametha- 
sone infants 


29.3 + 2.9 29.4 + 2.9 





+h < 0.01. 
tp < 0.05. 


ered before 33 weeks’ gestation. The study by Kwong 
etal. had a steroid-only group for comparison because 
in that.study steroid exposure constituted an exclusion 
criteria to calf-lung surfactant extract administration. 
They observed a synergism between betamethasone 
and calf-lung surfactant extract, but only a small num- 
ber of infants were studied and the gestational age 
range (24 to 27 weeks’ gestation) was limited. In con- 
trast, the additive effect’ seen in our study was found 
among singleton pregnancies and occurred during the 
gestational age interval traditionally associated with 
successful induction ‘of phospholipid synthesis." 

Our own analysis of very premature neonates (24 to 
27 weeks) was hindered by the size of this particular 
cohort and its composition. Of the 45 infants <28 
weeks’ gestation at birth, only nine were exposed to 
antenatal steroids; seven of these were products of mul- 
tiple gestations. A larger experience with more single- 
ton pregnancies, or a randomized prospective trial of 
dexamethasone in very premature, calf-lung surfactant 
extract—treated neonates, might confirm the apparent 
synergism reported in the study by Kwong et al.” 

The impact of gender on outcome was generally con- 
sistent with prior observations concerning steroid use. 
In animal models the “male disadvantage” has been 
attributed to delayed maturation of type II pneumo- 
cytes secondary to circulating testosterone." In the col- 
laborative trial,’ steroid-exposed females experienced 
a significant reduction in RDS when compared with 
placebo controls (4.8% vs. 18.8%), whereas male neo- 
nates showed no apparent response (14.9% vs. 14.1%). 
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Table VI. Comparison of neonatal outcome 
among male infants: Calf-lung surfactant 
extract versus calf-lung surfactant extract plus 
dexamethasone (N = 85) l 











Calf-lung 

Calf-lung surfactant 

surfactant extract plus 
extract dexamethasone 


(N = 63) (N = 22) 


Variables 


Respiratory distress 49.2 6 27.3* 
syndrome 

Respiratory distress 22 349 2 9.14 
syndrome— moderate 
or severe 

Mortality 19 30.2 5 22. 

Mortality—respiratory 12 19.0 2 9. 
cause 

Gestational age at deliv- 
ery (weeks, 
mean + SD) 

Birth weight (gm, 
mean + SD) 1351 + 530 1213 + 505 


*p = 0.072. 
tp < 0.05. 


Female infants also faired better in our study, but this 
may have been independent of steroid use, since no 
difference in the incidence of RDS was noted between 
the females treated with calf-lung surfactant extract 
plus dexamethasone or calf-lung surfactant extract 
(18% vs. 23%, respectively). In contrast the male infants 
demonstrated an additive response, with less respira- 
tory distress syndrome in the calf-lung surfactant ex- 
tract plus dexamethasone subset (49.2% vs. 27.3%; 
p < 0.05). 

It is notable that the mean gestational age in our 
comparison (29 weeks) is significantly younger than 
that reported in collaborative trial (31 weeks), and the 
corresponding prevalence of RDS in our male infants 
(44%) differs from that of the collaborative trial (14%). 
Thus an impact of steroid treatment on the incidence 
of RDS may have been more readily identified in our 
study population. 

It is tempting to speculate that the additive: effect 
observed between steroids and calf-lung surfactant ex- 
tract is directly related to increased phospholipid syn- 
thesis after enzymatic induction by dexamethasone. 
The addition of topical surfactant in the presence 
of enhanced, endogenous phospholipid production 
would increase the total surfactant content available to 
the neonatal lung. Our observation of clinical improve- 
ment associated with calf-lung surfactant extract plus 
dexamethasone in the same subsets of neonates tradi- 
tionally thought to benefit from enhanced endogenous 
production supports this theory. In conflict with this 
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interpretation are the reports of Ikegami et al.'" 8 They 
observed an increase in preterm lung compliance in 
steroid- and surfactant-treated rabbit lungs but were 
unable to demonstrate a quantitative difference in al- 
veolar surfactant pool sizes between steroid-exposed 
and unexposed groups. They suggested that antenatal 
steroids may impact on respiratory function by induc- 
ing structural modifications (e.g., maturation of the 
alveolar-capillary barrier providing for decreased pro- 
tein leakage into the alveolar space) that prevent or 
limit lung injury. A study by Fiascone et al." also sup- 
ports the concept of a “nonsurfactant” effect of cor- 
ticosteroids resulting in enhanced pulmonary com- 
pliance. 

In summary, an additive effect between dexameth- 
asone and calf-lung surfactant extract has been ob- 
served. We identified a decrease in both incidence and 
severity of RDS in those neonates exposed to steroid 
therapy and single-dose, prophylactic exogenous sur- 
factant. Specific groups of neonates experiencing ben- 
efit included singleton infants, male infants, and those 
infants born between 28 and 32 weeks of gestation. It 
may therefore be appropriate to maximize antenatal 
steroid use in centers where exogenous surfactant is 
available. A prospective, randomized evaluation com- 
paring calf-lung surfactant extract with calf-lung sur- 
factant extract plus dexamethasone should be under- 
taken to confirm these observations. 
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Cocaine abuse during pregnancy: Peripartum prevalence and 


perinatal outcome 


Mark G. Neerhof, DO, Scott N. MacGregor, DO, Sandy S. Retzky, DO, and 


Terence P. Sullivan, DO 
Chicago, Illinois 


The frequency of cocaine abuse during pregnancy has increased markedly in recent years. Cocaine abuse 
during pregnancy has been associated with significant perinatal morbidity and mortality. In this study a 
large population af pregnant women were tested for drug use at the time of their admission to the hospital 
for labor and delivery. During the study period a total of 138 (8%) of 1776 patients who were delivered of 
infants had positive urine toxicologic screening tests for cocaine. Moreover, the prevalence of peripartum 
cocaine abuse increased considerably during the study period. The perinatal outcomes of the 138 patients 
whose urine samples yielded positive test results for cocaine were compared with those of the 88 control 
patients with negative results. Cocaine use was associated with lower gestational age at delivery and 
higher incidences of preterm delivery, premature rupture of the membranes, and small-for-gestational-age 
infants. When compared with control infants, infants of mothers who used cocaine had more instances of 
neonatal morbidity and longer hospitalizations. In this study peripartum cocaine abuse was common, 
increased during the study period, and was associated with perinatal morbidity. (Am J OBSTET GYNECOL 


1989;161:633-8.) 


Key words: Cocaine abuse, prevalence, perinatal morbidity 


The frequency of cocaine abuse has increased mark- 
edly in the United States during the last decade.’ 
Among the reasons contributing to the epidemic abuse 
of this substance are the: following: widespread avail- 
ability, the seductive euphoria associated with its use, 
and the possibility of using this agent without intra- 
venous injection. The increased abuse of cocaine has 
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also led to the recognition of the potentially cata- 
strophic complications.* * Reports of cocaine abuse in 
pregnancy have focused attention on the effects of co- 
caine on the fetus and newborn.*" However, few data 
examining the prevalence of cocaine abuse among 
pregnant women have been published." In this report 
we evaluated the prevalence of cocaine abuse among a 
large population of pregnant patients immediately be- 
fore delivery and the perinatal outcome in these pa- 
tients. 


Material and methods 


Beginning September 1, 1986, the Department of 
Obstetrics and Gynecology at Chicago Osteopathic 
Medical Center instituted a policy whereby all patients 
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Quarter 2 
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Quarter: 3o Quarter 4 


Fig. 1, Prevalence of ¢ cocaine- -positive urine E screening at admission for labor and delivery 
by quarter. *Quarter I, Sept: 1986 to Feb. 1987 (14 positive tests of 397 tested); quarter 2, March to 
Aug. 1987 (24 of 408); nares: Sept. 1987 to Feb. 1988 (40 ‘of 457); quarter 4, March to Aug. 1988 


(60 of 514). 


Table Maternal characteristics 








Characteristic -` 





Maternal age (yr) PS 25.8 + 4. 
Gravidity we J 1 7 8.8 cb 2. 

` Parity : 2.2 £l. 
Maternal hospitalization B80 AL 
sl Se hs 


admitted to the Labor and Delivery Unit underwent a 


urine toxicologic screening. This policy was instituted . 
for the following reasons: (1) Cocaine abuse has been > 


recognized with greater frequency.among our obstetric 
population; (2) increased perinatal. morbidity and mor- 


tality associated with cocaine abuse in pregnancy has” 


been described*”; (3) it was deemed important to iden- 
tify both mothers’ in rieed of treatment for chemical 
dependency and infants in need of long-term neuro- 


developmental follow-up. Urine toxicologic screening ` 


was performed with the Syva Emit urine toxicology 


assay kit (Syva Company, Palo. Alto; Calif.). Sub- 
stances screened included cocaine, opiates, metha; 
done, amphetamines, barbiturates, benzodiazepines, | 


and -propoxyphene. Thorough drug histories and_in- 


formed consents were obtained before u urine toxicologic, - 


screening. 


From Sani 1, 1986, to are 31, 1988, 1776 
consecutive women delivered of their infants at our | 


institution had urine toxicologic screening at the time 
of admission to the Labor and Delivery Unit. Those 
women with positive test results for cocaine composed 
the study population. A control group (n = 88) was 


selected from the general obstetric population for pur- . 








: -Cocaine-positive group. 
(mean +: SD), 





‘Control group 
(mean + SD) 
{n= 88) 








Significance 








(23.9 + 58 p < 0.005 
2.7 + 1.6 p < 0.0001 
1.2 + 1.2 p <.0.0001 , 
2712, NS - 


_ poses of comparison. The controls were selected as fol- 
lows: Every twentieth delivery during the study period 


was considered’ as a control candidate; those denying, 


a history of cocaine abuse and having negative test re- 
sults for cocaine were included in the control group; 


those with positive test: results for cocaine were ex- 


‘cluded, and the next woman delivered in succession 


who denied cocaine abuse and had negative test results 


` for cocaine was considered as a control. 


Multiple substance abuse was frequently observed _ 
among the study group. Those with positive screening 
results for cocaine alone (group 1) were compared with . 
those who had positive, screening results for cocaine 


‘plus: additional illicit substances (group 2) i in an attempt 
i to delineate further the effects of multiple substance 
`. abuse on perinatal outcome. 


Continuous data of the study and control groups l 
were compared with the appropriate ¢ test, and discrete 
data were compared by means of either x? or Fisher’s 
exact tests. Numerous obstetric and neonatal compli- 
cations were examined; therefore pairwise comparisons 
with x? or Fisher’s exact tests were considered statisti- 


cally significant for these parameters at p < 0.01 (based 


on Bonferroni's correction"). 
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Table II. Obstetric data 
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No. and % 
of cases) 


Parameter (n = 138) 


Gestational age at delivery 87.6 + 3.5 
(wk) 
Infant birth weight (gm)* 2607 + 655 


Route of delivery 


Vaginal 110 (80%) 


Primary cesarean section 19 (14%) 
Repeat cesarean section 8 (6%) 
Preterm delivery (<37 wk) 35 (25%) 
Premature rupture of the 29 (21%) 

membranes 
Small-for-gestational-age 43 (31%) 
infants*t 
Abruptio placentae 6 (4%) 
Apgar scores <3} 
1 min 13 (9%) 
5 min 5 (4%) 





*Cocaine-positive group includes two twin gestations (n = 140). 


Cocaine-positive group 
(mean + SD or 






Control group 
(mean + SD or 
No. and % 
of cases) 
(n = 88) 















Significance 








39.0 + 2.4 p < 0.001 
3217 + 612 p < 0.001 
76 (85%) NS 
11 (12%) NS 
3 (3%) NS 
8 (9%) p < 0.005 
3 (3%) p < 0.0005 
6 (7%) p < 0.0001 
0 (0%) NS 
2 (2%) NS 
0 (0%) NS 


tBirth weight < 10th percentile by birth weight curves of Brenner et al. 
+Cocaine-positive group includes two twin gestations and excludes three gestations complicated by intrauterine fetal death 


(n = 137). 


Results 


One hundred thirty-eight (8%) of 1776 women had 
positive test results for cocaine. The incidence of 
cocaine-positive urine toxicologic screens increased 
steadily during the study period (Fig. 1). Fourteen (4%) 
of 397 patients who were delivered of their infants 
during the first 6 months of the study had positive test 
results for cocaine. In contrast, during the last 6 
months, 60 (12%) of 514 had positive screens for co- 
caine. Drug history alone was successful in identifying 
only 59 (43%) of the 138 women who had positive test 
results for cocaine. All patients who initially denied 
cocaine use but had positive urine toxicologic screens 
subsequently admitted to using cocaine after being con- 
fronted with the test results. Neonatal urine toxicologic 
screening was performed on 114 of the 140 infants 
whose mothers screened positive for cocaine, and 83 
(73%) of these had positive screens for cocaine. 

Maternal characteristics of the study and control 
groups are compared in Table I. Maternal age, gravid- 
ity, and parity were significantly higher in the study 
population than in the control group. Racial distribu- 
tion and medical complications were similar in both 
groups. 

Obstetric data of the two groups are summarized in 
Table II. The incidences of preterm delivery, pre- 
mature rupture of the membranes, and small-for- 
gestational-age infants were significantly greater in the 
study group than in the control group. The frequencies 
of abruptio placentae and low Apgar scores (defined 


as <3) were greater in the study group than in the 
control group; however, these differences were not sta- 
tistically significant. 

Neonatal data are summarized in Table III. Among 
the study neonates, 41 (29%) displayed clinical evidence 
of withdrawal, including tremulousness, irritability, 
poor feeding, and diarrhea. Apnea and/or abnormal 
pneumograms were present in 20 (14%) study infants. 
Congenital anomalies were more common in the study 
infants and included ventricular septal defect (n = 2), 
atrial septal defect (n = 1), complete heart block 
(n = 1), inguinal hernia (n = 2), esophageal atresia 
(n = 1), hypospadias (n = 1), cleft lip and palate with 
trisomy 13 (n = 1), and polydactyly (n = 1). The peri- 
natal mortality rate was higher in the study group than 
in the control group (50 vs. 0 per 1000, respectively). 
Intrauterine fetal death occurred in three study preg- 
nancies and neonatal death occurred in four. The in- 
cidence of prolonged hospitalization was also signifi- 
cantly greater in the study group than in the control 
group. 

Multiple substance abuse was frequently observed 
among the study group. Twenty-four of 138 (17%) 
study patients had positive urine toxicologic screens for 
illicit substances in addition to cocaine. Sixteen patients 
had positive results for one additional substance (15 for 
opiates and one for methadone), whereas eight were 
positive for two additional substances. 

Comparisons of patients with positive screens for co- 
caine alone (group 1, n = 114) versus those with pos- 
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Table III. Neonatal data 
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No. and % 
of cases) 
(n = 149) 


Parameter 


Withdrawalt 41 (30%) 
Respiratory distress syn- 12 (9%) 
- dromet 
Apnea or abnormal 20 (15%) 
pneumogramy 
Congenital anomaly 10 (7%) 
Perinatal deatht 7 (5%) 
Neonatal hospitalization} 
Mean (days) 19.2 + 86.0 
> 3 Days 110 (80%) 
> 10 Days 48 (35%) 


*Cocaine-positive group includes two twin gestations (n-= 140). 


Cocaine-positive group* 
{mean + SD or 
















Control group 

{mean + SD or 

Ne. and % 
of cases) 


(n = 88) Significance 








1 (1%) p < 0.00091 
3 (3%) NS 
0 (0%) p= 0.0005 
2 (2%) NS 
0 (0%) NS 
5.1 + 10.3 p < 0.0001 
21 (24%) p < 0.00001 
9 (10%) p < 0.0005 





}Cocaine-positive group excludes three gestations complicated by intrauterine fetal death (n = 137). 


Intrauterine fetal and neonatal deaths. 


Table IV. Comparison of study subgroups by patients of abuse 
















Group I: 


Parameter (n = 114) 





Gestational age at delivery 37.5 + 3.7 
(wk) 
Infant birth weight (gm)* 2644 + 685 
Preterm delivery (< 37 wk) 28 (25%) 
Small-for-gestational-age 32 (28%) 
infants*+ 
Withdrawal} 28 (25%) 
Congenital anomaly* 5 (4%) 
Neonatal hospitalization 
> 3 Days 90 (80%) 
> 10 Days 35 (31%) 





*Group 1 includes two twin gestations (n = 116). 








Cocaine alone 
(mean + SD or 
No. and % of cases) 


Group 2: 
Multiple substances 
(mean + SD or 
No. and % of cases) 

(n = 24) 





Significance 








37.8 + 2.1 NS 
2421 + 432 NS 
7 (29%) : NS 
11 (46%) NS 
13 (54%) p < 0.005 
5 (21%) p < 0.005 
20 (83%) NS 
13 (54%) p< 0.01 





+Birth weight < 10th percentile by birth weight curves of Brenner et al. 
Group 1 includes two twin gestations and excludes three gestations complicated by intrauterine fetal death (n = 113). 


itive screens for cocaine plus additional illicit substances 
(group 2, n = 24) are summarized in Table IV. Mater- 
nal age, gravidity, and parity were similar in both 
groups. In addition, obstetric data, including gesta- 
tional age at delivery, infant birth weight, and fre- 
quencies of preterm labor and small-for-gestational-age 
infants, were similar in groups 1 and 2. Compared with 
infants of mothers abusing cocaine alone, infants of 
mothers abusing cocaine plus additional substances had 
significantly higher incidences of neonatal withdrawal, 
congenital anomalies, and prolonged hospitalization 
(>10 days). 


Comment 


The prevalence of cocaine abuse among the general 
population in the United States has increased dramat- 


ically during the past decade.' However, few data exist 
documenting the prevalence of cocaine abuse among 
pregnant women." Our data suggest that peripartum 
cocaine abuse was common and increased dramatically 
during the study period among pregnant women de- 
livered at our institution. The rising incidence of pos- 
itive urine toxicologic screens appears to reflect an in- 
creasing prevalence of cocaine abuse among our ob- 
stetric population. There was no change in the testing 
methods during the study period, nor was there any 
appreciable change in the demographic characteristics 
of our obstetric population. Furthermore, our data very 
likely underestimate the actual prevalence of cocaine 
abuse in pregnancy. Cocaine metabolites are usually 
present in the urine for only 72 hours after ingestion; 
this study design, at best, only identified women abus- 
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ing cocaine within 72 hours before admission to the 
hospital. Those patients with positive test results for 
cocaine at the time of admission may represent only a 
fraction of those abusing cocaine at some time during 
pregnancy. l 
” Previous reports have suggested that cocaine abuse 
in pregnancy may be associated with adverse perinatal 
outcome.“ The perinatal morbidity that has been as- 
sociated with cocaine abuse includes lower infant birth 
weight, lower mean gestational age at delivery, in- 
creased incidence of preterm delivery, and delivery of 
small-for-gestational-age infants. In addition, increased 
frequencies of abruptio placentae, congenital anoma- 
lies, and neonatal withdrawal have been observed. Our 
data support many of these findings. When compared 
with the control group, those women with positive test 
results for cocaine had lower gestational ages at delivery 
and lower infant birth weights, as well as higher inci- 
dences of preterm delivery, premature rupture of the 
membranes, and small-for-gestational-age infants. We 
also found that infants born to cocaine-abusing mothers 
had neonatal complications, including withdrawal and 
apnea or abnormal pneumograms, more frequently 
than control infants. In addition, the perinatal mor- 
tality rate in the cocaine-positive group was clinically 
alarming. . 
Several factors may have influenced our study re- 
sults. First, neither the.quantity of cocaine nor the pat- 
tern of abuse throughout pregnancy was available. An 
accurate estimation of the amount of cocaine used is 
problematic. We chose not to rely on patient recall for 
this information, since our data suggested that drug 
histories were not reliable among our patients. Our 
study identified only those women abusing cocaine im- 
mediately before delivery. Chasnoff et al.” have sug- 
gested that cocaine abuse during the third trimester 
may be associated with increased perinatal morbidity 
when compared with cocaine abuse limited to the first 
and second trimesters. Second, women abusing cocaine 
are likely to have abused multiple substances during 
their pregnancies, further confounding attempts to es- 
tablish a cause-and-effect relationship, rather than an 
association, between a particular illicit substance and 
adverse perinatal outcome. In an effort to further de- 
lineate the impact of multiple substance abuse on peri- 
natal outcome, cocaine-positive study patients were di- 
vided into two groups, those with positive screens for 
cocaine alone. (group 1) and those with positive screens 
for cocaine plus additional illicit substances (group 2). 
Obstetric complications of these two groups were sim- 
ilar (Table IV}. Infants of, multiple-substance abusers 
were more likely to undergo withdrawal and require 
prolonged hospitalization than infants whose mothers 
had positive screens for cocaine alone. Those women 
abusing cocaine and additional substances during preg- 
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nancy may be at greatest risk for adverse perinatal out- 
come; however, significant perinatal morbidity was ob- 
served in both groups. Third, cocaine and multiple- 
substance abusers tend to have poor nutritional habits 
and adverse socioeconomic situations and often obtain 
limited prenatal care. Such factors may further influ- 
ence differences in perinatal outcome between the 
cocaine-abusing group and the control group. 

The prevalence of cocaine abuse and the frequency 
of adverse perinatal outcome associated with its use in 
our study emphasize the need to identify women 
abusing illicit substances. Identification during preg- 
nancy would fascilitate increased antenatal surveillance, 
psychiatric and social service referral for substance- 
abusing mothers, and long-term neurodevelopmental 
follow-up for infants exposed to cocaine in utero. To 
our knowledge only one report has been published to 
date evaluating the prevalence of cocaine abuse in an 
obstetric population. Little et al.“ reviewed data of 102 
obstetric patients and estimated that the prevalence of 
cocaine abuse in their obstetric population was 9.8% on 
the basis of drug history. Drug history alone may be 
inadequate in identifying substance abusers. Indeed, in 
our study only 59 of 138 women who had cocaine- 
positive urine toxicologic test results admitted sub- 
stance abuse on initial evaluation. Urine toxicologic 
screening may be beneficial in identifying illicit sub- 
stance abusers, especially in a large urban population 
such as ours, so that proper maternal, prenatal, and 
neonatal care can be offered. 

In conclusion, cocaine abuse during pregnancy ap- 
pears to be alarmingly prevalent among our obstetric 
population and has increased dramatically. Our data 
also suggest an association between cocaine abuse dur- 
ing pregnancy and adverse perinatal outcome. Thus it 
appears that cocaine has contributed significantly to 
perinatal morbidity and mortality in our obstetric pop- 
ulation. Complications in cocaine-exposed neonates as- 
sociated with prolonged hospitalization may contribute 
significantly to health care costs and the utilization of 
health care resources, 
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Do the current standards for glucose tolerance testing in 
pregnancy represent a valid conversion of O’Sullivan’s 


original criteria? 


David A. Sacks, MD, Salim Abu-Fadil, MD, Jenrey S. Greenspoon, MD,” and 


Nick Fotheringham, PhD: 
Bellflower and Los Angeles, California 


The venous plasma values for the 100 gm glucose tolerance test endorsed by the Second International 


Workshop-Conference on Gestational Diabetes represent an arbitrary conversion from O’Sullivan’s original 
values. The latter were calculated from whole blood by means of the Somogyi-Nelson method. The factor 
used to convert the whole blood values to plasma glucose values was empirically derived in a population 
in whom pregnancy status was not stated. A conversion factor derived from a nonpregnant population may 
systematically overestimate plasma glucose concentration when applied to a pregnant population. Paired 


specimens obtained from 995 consecutive pregnant-patients were analyzed by the Somogyi-Nelson 
method on whole blood and the glucose oxidase method on plasma. A conversion formula was derived 
and was used to estimate plasma glucose values and 95% confidence limits equivalent to whole blood 
values. Application of this formula yields plasma glucose oxidase glucose tolerance test values of fasting, 
96 mg/dl; 1 hour, 172 mg/dl; 2 hours, 152 mg/dl; and 3 hours, 131 mg/dl. These values are all lower 
than those currently endorsed. (AM J OssTET GYNECOL 1989'161:638-41:) 


Key words: Gestational diabetes, glucose tolerance 


In 1964 O’Sullivan and Mahan! published a study 
establishing criteria for the oral glucose tolerance test 
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(GTT) in pregnancy. Two or more values (fasting, 90 
mg/dl; 1 hour, 165 mg/dl; 2 hour, 145 mg/dl; 3 hour, 
125 mg/dl) had to be equaled or exceeded to diagnose 
gestational diabetes. The glucose concentrations were 
determined from whole blood by the Somogyi-Nelson 
assay, a chemical method. Enzyme methods for mea- 
suring glucose (e.g., glucose oxidase) are more specific 
and have largely replaced chemical methods.’ Further- 
more, because estimates of glucose concentration in 
whole blood may be affected by the hematocrit,’ they 
have been replaced by plasma assays. 

The plasma glucose values endorsed first by the Na- 


ki 


Volume 161 
Number 3 


300 


Glucose toleranse test 639 





250 


= = = Upper 95% 
-e Alogression 
=e Lower 95% 





150 











GLUCOSE-OXIDASE GST 


50 70 90 110 





150 170 190 210 230 


SOMOGYI-NELSON GST 


Fig. 1. Regression of plasma—glucose oxidase screening test results onto whole blood—Somogyi- 
Nelson values. Line in center represents mean; upper and lower lines delineate 95% confidence in- 


tervals. GST, Glucose screening test. 


tional Diabetes Data Group’ and subsequently by the 
Second International Workshop-Conference on Ges- 
tational Diabetes Mellitus (fasting, 105 mg/dl; 1 hour, 
190 mg/dl; 2 hour, 165 mg/dl; 3 hour, 145 mg/dl) 
represent an arbitrary conversion from O’Sullivan’s 
original values.’ Although the factor used to convert 
the original whole blood—Somogyi-Nelson values to 
plasma enzyme assay values is not explicitly stated, it 
closely approximates the 13% to 16% reported in other 
studies. Those studies were notable for not explicitly 
stating the subjects’ pregnancy status.®” As Schwartz 
and Brenner’ noted, a factor derived from a nonpreg- 
nant population used to convert whole blood glucose 
to plasma glucose may systematically overestimate the 
plasma glucose in pregnant subjects. The purpose of 
this study was to empirically derive a formula to convert 
glucose concentrations in whole blood measured by the 
Somogyi-Nelson method to glucose concentrations in 
plasma obtained by the glucose oxidase method for use 
during pregnancy. 


Material and methods 


Nine hundred ninety-five consecutive predominantly 
Hispanic patients having routine 50 gm 1-hour glucose 
screening tests during pregnancy were studied. The 
glucose screening test was performed according to 
the recommendations of the Second International 
Workshop-Conference on Gestational Diabetes.’ A total 
of 14 ml of blood was obtained from each patient on 
one occasion and separated equally into two tubes, each 
containing 14 mg of potassium oxalate as an antico- 
agulant and 17.5 mg of sodium fluoride to inhibit gly- 
colysis. The tube used for the plasma assay was spun 
at 1570 g for 10 minutes to separate the plasma. The 
supernatant was assayed by an automated glucose ox- 
idase method (Trendar Auto-Pak; HiChem, Inc., An- 


aheim, Calif.). The Somogyi-Nelson assay of whole 
blood was done by a standard manual method.’ All 
testing was periormed by the same laboratory. No 
changes in the technology of glucose assays occurred 
during the course of this study. The interassay coeffi- 
cient of variation for normal controls was 2.3% for the 
glucose oxidase and 1.5% for the Somogyi-Nelson 
method. 

Multiple linear regression analysis was used to eval- 
uate the relationship between glucose assays with the 
Somogyi-Nelson and glucose oxidase methods and the 
effect of hematocrit on this. relationship, These anal- 
yses were performed with BMDP Programs 2R and 
6D. Demographic information was summarized with 
BMDP Program 2D." The level of significance was set 
at p < 0.05. 


Results 

Among the 995 patients, 586 (38.8%) were nullipa- 
rous. The mean (+SD) maternal age was 26.1 + 5.7 
years. Two patients were tested in the first trimester, 
234 (23.5%) in the second trimester, and 759 (76.3%) 
in the third trimester. The mean (+SD) glucose con- 
centration was 109.1 + 25.7 mg/dl for the whole 
blood—Somogyi-Nelson assay and 115.1 + 26.7 mg/dl 
for the glucose oxidase assay. The respective ranges of 
values were 50 to 229 mg/dl and 47 to 235 mg/dl. 

The formula for the regression line with the whole 
blood—Somogyi-Nelson assay as the independent vari- 
able is P = 4.391 + 1.015 WB, where P is plasma- 
glucose oxidase and WB is whole blood—Somogyi- 
Nelson. The 95% confidence interval of the slope was 
1.001 to 1.029; the 95% confidence interval of the in- 
tercept was 4.03 to 4.75. The correlation coefficient 
between techniques was 0.976 (p < 0.001). The line of 
best fit and 95% confidence intervals are illustrated in 
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Fig. 2. Plot of criteria proposed by different references for glucose tolerance tests in pregnancy with 
100 gm glucose load and glucose oxidase assay of plasma. Values in boxes represent 95% confidence 
intervals derived from data in this study for glucose oxidase assay of plasma, which would be 


equivalent to O’Sullivan’s original GTT values. 


Fig. 1. Application of the formula to O’Sullivan’s 
whole blood—Somogyi-Nelson GTT values converts 
these to plasma glucose oxidase values of 96 mg/dl, 
172 mg/dl, 152 mg/dl, and 131 mg/dl, respectively, 
for fasting, l-hour, 2-hour, and 3-hour values. A 
comparison of these criteria with those published by 
others* '' ” with a 100 gm glucose load and a plasma— 
glucose oxidase assay is illustrated in Fig. 2. All values 
for the GTT proposed by Carpenter and Coustan’ are 
within the 95% confidence intervals of the plasma— 
glucose oxidase equivalents derived from the current 
data. 

Of the 995 patients studied, 572 had hematocrit sam- 
ples drawn within 1 week of the glucose assays. He- 
matocrit values ranged from 26% to 43%. The slopes 
of the regression lines of P onto WB in the ranges 
27.51% to 32.50%, 32.51% to 37.50%, and 37.51% to 
42.50%, respectively, were not significantly different. 


Comment 


Several authors have used plasma—glucose oxidase 
values that they claimed were equivalent to the original 
Somogyi-Nelson—whole blood GTT criteria introduced 
by O'Sullivan and Mahan.’ The conversion of these 
values requires consideration of both the laboratory 
method used and the blood component analyzed. 

The initial step of the Somogyi-Nelson method is the 
preparation of a protein-free filtrate, which serves to 
remove nonglucose reducing substances fourid in red 
blood cells such as glutathione, gluturonic acid, ergo- 
thioneine, and ascorbic acid.? However, other hexoses 
(e.g, galactose, mannose) remain in the filtrate and 
may account for the higher “glucose” values reported 
for the Somogyi-Nelson method in comparison with 
enzyme methods. Technical factors within the 
Somogyi-Nelson assay also may alter test results. Mager 
and Farese” found significantly different results in the 


same specimens of whole blood by merely altering the 
sequence of the addition of reagents used in the prep- 
aration of the protein-free filtrate. 

Because they confer maximum specificity of glucose 
estimatioris, enzyme methods (e.g., glucose oxidase and 
hexokinase) have largely replaced older chemical meth- 
ods.? The hexokinase method is the current reference 
method, and the glucose oxidase method is the most 
commonly used glucose assay. Glucose oxidase results 
correlate well with those obtained by the hexokinase 
assay.” Few studies have attempted to establisli a quan- ` 
titative relationship between Somogyi-Nelson and glu- 
cose oxidase assays. Mager and Farese'® found that re- 
sults obtained by Somogyi-Nelson assay were signifi- 
cantly higher (range, 2% to 6%) than those obtained 
by glucose oxidase when plasma was assayed. However, 
when these two methods were compared when whole 
blood was used, no consistent relationship was found. 

Glucose assays of plasma offer significant advantages 
over those of whole blood. Interference from non- 
glucose reducing substances is minimized. Plasma more 
readily lends itself to automated assdys than whole 
blood. Finally, and of critical relevance to pregnancy, 
whole blood assays for glucose may be influenced by 
hematocrit, whereas plasma assays are not. ` 

The concentration of glucose in plasma exceeds that 
in red blood cells. When the hematocrit is lower (the 
fewer the number of red cells per unit volume}, the 
concentration of glucose in whole blood is higher and 
the difference between whole blood and plasma glucose 
values is lower.* * Because of the disproportionate ex- 
pansion in plasma volume in relation to red blood cell 
mass during pregnancy," pregnant patients may, have 
lower hematocrit values than a nonpregnant popula- 
tion. Thus a factor used to convert whole blood to 
plasma glucose derived from a nonpregnant popula- 
tion may systematically overestimate plasma glucose 
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during pregnancy. O’Sullivan and Kantor’ reported a 
mean difference of 13.4% between whole blood and 
plasma glucose when both were assayed by an auto- 
mated ferricyanide method. Niejadlik et al.° found that 
plasma glucose values obtained by the hexokinase 
method exceeded by 13% the whole blood glucose val- 
ues obtained by the Somogyi-Nelson method. In nei- 
ther study was the subjects’ pregnancy status noted. 

As O’Sullivan and Kantor’ reported, we were unable 
to detect a significant contribution by hematocrit to the 
differences in glucase values between assays. A potential 
explanation for this finding includes the narrow ranges 
of both observed hematocrit and glucose values. How- 
ever, we did find a marked difference between our em- 
pirically derived conversion factor (approximately 5% 
to 6%) and those reported by others. It is of interest that 
the extrapolated values of Carpenter and Coustan,” 
which consider the effects of both method and blood 
component assayed, fall within the 95% confidence in- 
tervals of our empirically derived values (Fig. 2). 

O’Sullivan’s criteria for GTT in pregnancy are 
unique because they were both empirically derived and 
validated. Values that are 2 SDs above the mean of an 
unselected sample of 752 women were chosen because 
the proportion of patients meeting or exceeding these 
criteria approximated the prevalence of diabetes in the 
community (1.99%). In addition, when these criteria 
were applied to a second group of patients, it was found 
that those meeting criteria for gestational diabetes dur- 
ing pregnancy had a significantly higher incidence of 
diabetes 8 years after delivery than those who did not 
meet criteria for gestational diabetes.’ Finally, O’Sulli- 
van et al.* demonstrated significantly more perinatal 
losses among infants of women with gestational dia- 
betes =25 years of age than among age-matched non- 
diabetic control women. 

Unfortunately, both the Somogyi-Nelson laboratory 
method for glucase concentration and the blood com- 
ponent assayed (whole blood) in the 1964 study have 
more intrinsic variability than the enzyme assays of 
plasma in current use. Applying an arbitrary conver- 
sion factor to the original data may further detract from 
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the accuracy of criteria proposed as equivalent. The 
ideal resolution of the issue would be to repeat O’Sul- 
livan’s study with an enzyme assay on plasma. Alter- 
natively, critical examination of different proposed sets 
of GTT criteria relative to maternal, fetal, and neonatal 
outcome variables seems reasonable. It is our hope that 
the findings of this study will serve as a stimulus for 
further investigation. 
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How reliable is the fifty-gram, one-hour glucose 


screening test? 


David A. Sacks, MD, Salim Abu-Fadil, MD,* Jeffrey S. Greenspoon, MD," and 


Nick Fotheringham, PhD‘ 
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The Second International Workshop-Conference on Gestational Diabetes recommended screening all 
pregnant women with a 1-hour 50 gm oral glucose screening test, given without regard to time of day or 
time elapsed from the last meal. This study was designed to evaluate the reproducibility of that test, given 
under those clinical conditions. Thirty women with gestational diabetes and 80 contro! volunteers between 
24 and 28 weeks’ gestation were tested at the same time of day on two successive days. Of the 30 
women with diabetes, three (10%) had glucose screening test results below the 135 mg/dl threshold on 
both days and 10 (33%) had results that straddled the threshold on successive days. Test results of 11 
control women also straddled the threshold. Among these 21 women with results that straddled the 
threshold, there was no difference in mean glucose screening test results in diabetic women compared 
with nondiabetic ones. We conclude that, as currently recommended, the 1-hour glucose screening test is 
moderately reproducible. Reliance should not be placed on a single normal test result, particularly among 


patients with risk factors. (Am J OssteT GYNECOL 19893161 :642-5,) 


Key words: Gestational diabetes, screening for diabetes 


The Second International Workshop-Conference on 
Gestational Diabetes recommended administering the 
50 gm, l-hour glucose screening test without regard to 
time of day or time elapsed from the last meal.’ If the 
test administered under these clinical conditions is re- 
producible, then one may depend on a single glucose 
screening test result to reliably identify patients with 
gestational diabetes. However, if repetitive results of 
the same subject differ markedly, and especially if the 
test results straddle a threshold used to indicate that a 
glucose tolerance test (GTT) should be performed, 
then reliance on a single test may not be justified. The 
present study was designed to test the hypothesis that 
there is no significant difference in glucose screening 
test results obtained from the same subject on successive 
days. 


Material and methods 


Our protocol for screening for gestational diabetes 
has been previously reported.’ Volunteers were re- 
cruited from two groups of predominantly Hispanic 
women. One group consisted of 84 obstetric patients 
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who were not known to have glucose intolerance. These 
patients had a glucose screening test on two consecutive 
days between the twenty-fourth and twenty-eighth 
gestational weeks. Those whose test results equaled or 
exceeded 135 mg/dl on either or both days had a 3- 
hour GTT. Four of these 84 patients had gestational 
diabetes diagnosed by the GTT and are included with 
the gestational diabetic group for purposes of data 
analysis. The remaining 80 patients were termed con- 
trols. 

The second group consisted of 26 women with ges- 
tational diabetes that was first diagnosed during the 
current pregnancy. These patients were identified by 
a glucose screening test result =135 mg/dl followed by 
a GTT that was diagnostic of gestational diabetes. After 
volunteering for the study, these 26 women had an 
additional glucose screening test on each of two con- 
secutive days between the twenty-fourth and twenty- 
eighth gestational weeks. The GTT was not repeated 
in this group. None of the diabetic patients had initiated 
dietary and/or insulin therapy at the time the study 
was conducted. 

On the first day of testing, the subjects were given a 
1-hour, 50 gm glucose screening test, with a commer- 
cially prepared cola (Dolce-Hopping Bottling Co., Sun- 
nyvale, Calif.). They were instructed to eat the same 
foods and engage in the same or similar physical activ- 
ities at the same time of day on the following day and 
to return in exactly 24 hours for a second glucose 
screening test. The preparation for and conduct of 
both glucose screening and tolerance tests, as well as 
the criteria for defining diabetes, followed the recom- 
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mendations of the Second International Workshop- 
Conference on Gestational Diabetes.' 

Gestational age was determined by clinical parame- 
ters including date of last menstrual period, early siz- 
ing, and sonographic examinations. Approval for this 
study was obtained from the Institutional Review Board 
of the Southern California Kaiser Permanente Re- 
search Program. A signed informed consent was ob- 
tained from each participant. 

Plasma glucose assays were performed by an auto- 
mated glucose oxidase method (Synchron CX3 System, 
Beckman Instruments, Brea, Calif.). Interassay coef- 
ficients of variation for normal controls (mean 90.6 
mg/dl) and abnormal controls (mean 292.2 mg/dl), re- 
spectively, were 2.3% and 1.5%. Intraassay coefficients 
of variation for normal controls (mean 88.0 mg/dl) and 
abnormal controls (mean 294,4 mg/dl), respectively, 
were 1.8% and 1.0%. 

Two-sample ¢ tests and analysis of variance were 
used to compare mean glucose screening test values. 
Continuity-corrected x’ tests were used to compare fre- 
quencies of occurrence among patients. Product mo- 
ment correlation coefficients and logistic regression 
analysis were used to evaluate relationships between 
variables. Descriptive statistics, £ tests, x° tests, correla- 
tion analysis, analysis of variance, and logistic regres- 
sion were performed with BMDP Programs 2D, 3D, 
4F, 8D, 2V, and LR.’ Statistical results were considered 
significant at a level of p < 0.05. 


Results 


The mean + SD for maternal age was 27.6 + 6.4 
years. Of the 110 patients, 43 (39%) were nulliparous. 
The mean + SD for number of weeks’ gestation on the 
first day of testing was 26.6 + 1.4. The mean + SD for 
time interval from first to second glucose screening test 
was 24 + 2.6. hours. 

The individual day-to-day glucose screening test re- 
sults are displayed in Fig. 1. The mean day-to-day glu- 
cose screening test values for diabetic and control 
groups are shown in Table I. On both days, the mean 
value for the diabetic group was significantly greater 
than that of the control group. A two-way analysis of 
variance demonstrated no significant day-to-day dif- 
ferences in mean values for either diabetic or control 
group. The mean of the absolute day-to-day differ- 
ences in values for women with diabetes approached 
but did not achieve a statistically significant difference 
from that of the control group (Table J). 

Ten women with diabetes and 11 control women had 
glucose screening test values =135 mg/dl on only 1 
day. Five of the values in the diabetic group equaled 
or exceeded the threshold on the first day of testing 
and five on the second day (Fig. 1). In contrast with 
the entire patient sample, there was no significant dif- 
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Fig. 1. Plot of glucose screening test results on day 1 and day 
2 for gestational diabetic and control groups. A line connects 
values on successive days from the same individual. A thresh- 
old of 135 mg/dl was used to indicate that a GTT should be 
performed. 


ference in mean glucose screening test results between 
these “straddler” diabetics and controls (Table I). 

Fasting hyperglycemia was defined by a fasting 
plasma glucose level 2105 mg/dl on the GTT. Among 
the 30 with gestational diabetes, fasting hyperglycemia 
occurred with approximately equal frequency in pa- 
tients whose two glucose screening test results were 
below threshold (1 of 3, 33%), straddled the threshold 
(3 of 10, 30%), or exceeded the threshold (6 of 17, 
35%). 

The parameters investigated as independent risk fac- 
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Table I. Mean day-to-day differences in glucose screening test results 






GST, day 1 (mean) 455.4 108.2 
(mg/dl) 

GST, day 2 (mean) 153.9 106.9 
(mg/dl) 

AGST (mean) 24.2 
(mg/dl) 

GST (range) 96-227 
(mg/dl) 


All patients (N = 110) 
Diabetic (n = 30) Control (n = 80) | p | Diabetic | 


60-189 






Straddlers {n = 21) 





<0.001 136.7 143.5 NS 

<0.001 138.4 124.3 NS 

0.054 31.3 47.2 NS 
99-169 78-184 





GST, Glucose screening test; AGST, day-to-day difference in GST values; NS, not significant. Straddlers are those patients whose 
test results equaled or exceeded the 135 mg/dl threshold on only 1 day. 


tors were: family history of diabetes, obesity (defined 
as a prepregnancy weight =150 pounds), and age =25 
years.” All of the 30 women with gestational diabetes 
had at least one risk factor. Seven of these 30 (23%) 
had only one risk factor, 11 (37%) had two, and 12 
(40%) had all three. In contrast, significantly fewer (61 
of 80 or 76%; p < 0.05) control women had one or 
more risk factors. 


Comment 


It is important to note that the selection of a 135 
mg/dl threshold was somewhat arbitrary.”* In general, 
the lower the threshold selected, the greater the sen- 
sitivity and the lower the specificity.’ 

This study was designed to be optimally consistent 
with the recommendations of the-Second International 
Workshop-Conference on Gestational Diabetes.’ Pa- 
tients were therefore tested without regard to time of 
day or time elapsed from the last meal. Although there 
is objective evidence of patient compliance with tem- 
poral requirements (mean interval of 24 hours between 
glucose screening tests), compliance with instructions 
to maintain the same activity and diet on both days was 
not closely monitored. Coustan et al.‘ demonstrated 
that the ingestion of a mixed meal 1 hour before a 
glucose screening test significantly lowered test results 
in women with gestational diabetes in comparison with 
. those tested after fasting. However, the absence of sig- 
nificant differences in 1-hour postglucose values rela- 
tive to time after the last meal has been reported among 
nondiabetic pregnant and nonpregnant? women. The 
degree to which diet, activity, and time interval from 
and content of the last meal may influence the repro- 
ducibility of the glucose screening test may be investi- 
gated by testing a patient sample in which these vari- 
ables are more rigorously controlled (e.g., hospitalized 
patients). 

A number of other studies have indicated that, de- 
spite rigid control of diet and activity, consecutive glu- 
cose challenge test results are poorly reproducible. Sisk 
et al.’ noted a correlation coefficient of 0.66 in succes- 
sive values 15 days apart in 96 male prisoners tested 1 


hour after a 50 gm glucose load. Ackland et al.® re- 
ported significant day-to-day differences among seven 
male laboratory personnel undergoing a 50 gm glucose 
tolerance test on three successive days. Among 31 male 
prisoners who met criteria for diabetes, McDonald 
et al.” found that none did so on all six glucose tolerance 
tests administered over a year’s time. However, Owens 
et al., reporting on four normal men who received 
50 gm glucose challenges every 3 to 4 hours on 2 days 
of testing during two successive weeks, found no sig- 
nificant differences at most fixed time intervals after 
each challenge. 

The positive correlation between magnitude of mean 
plasma glucose values and day-to-day variability also 
has been previously reported. Various authors” ') ? 
have noted both peak absolute value and maximal test- 
to-test differences 1 hour after the glucose challenge. 
In addition, Harding et al.'* found a positive correlation 
between the area under the glucose tolerance curve and 
between-test variability. 

The reasons for variability in results within the same 
subject from one test to another are not clear. In eval- 
uating 52 women who had third-trimester GTTs dur- 
ing each of three pregnancies, O'Sullivan and Mahan" 
found that the majority of variation with repetitive test- 
ing was due to biologic variation within, more-so than 
between, individuals. Harding et al." postulated that 
intrasubject differences in glucose concentrations are 
due to day-to-day fluctuations in glucose absorption 
and distribution, as well as hepatic glycolysis and glu- 
coneogenesis. 

The clinical consequences of this day-to-day variation 
in l-hour postglucose screening in pregnancy are il- 
lustrated by the findings of the current study. Reliance 
on a single glucose screening test value <135 mg/dl 
would have resulted in missing eight of 30 (27%) cases 
of diabetes on any single given day (Fig. 1). Three ‘of 
these cases of gestational diabetes would have been 
missed on both days. Had all cases of diabetes been 
ascertained from a group of women with known ges- 
tational diabetes, the latter number might have been 
larger. There did not appear to be a relationship be- 
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tween fasting hyperglycemia and whether the glucose 
screening test results were below, straddled, or met or 
exceeded the designated threshold. The relationship 
between fasting hyperglycemia in pregnancy and in- 
creased perinatal mortality has been previously noted." 
Finally, it was not possible to distinguish glucose screen- 
ing test results of “straddler” diabetics from those of 
“straddler” controls on the basis of day-to-day mean 


test values or mean differences in test results (Table I). . 


In conclusion, performing the 1-hour glucose screen- 
ing test in pregnancy without regard to time of day or 
time elapsed from the last meal offers the advantages 
of simplicity and acceptability, and thus patient com- 
pliance. However, the data in this study suggest that a 
substantial proportion of cases of gestational diabetes 
may be missed by reliance on a single glucose screening 
test. From these data, it seems unlikely that a glucose 
screening test value =95 mg/dl would be associated 
with gestational diabetes. We therefore suggest that 
with values above this level reliance not be placed on a 
single “normal” test result, particularly among patients 
with identifiable risk factors. 
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Glycemic control in gestational diabetes mellitus— How tight 


is tight enough: Small for gestational age versus large for 


gestational age? 


Oded Langer, MD, Judith Levy, MD, Lois Brustman, MD, Akolisa Anyaegbunam, MD, 


Ruth Merkatz, RN, and Michael Divon, MD 
Bronx, New York 


The relationship between optimal levels of glycemic control and perinatal outcome was assessed in a 
prospective study of 334 gestational diabetic women and 334 subjects matched for control of obesity, race, 
and parity. All women with gestational diabetes mellitus were instructed in the use ofa memory-based ` 
reflectance meter. They were treated with the same metabolic goal according toa predetermined protocol. 
Three groups were identified on the basis of mean blood glucose level throughout pregnancy (low, <86 
mg/dl; mid, 87 to 104 mg/dl; and high, =105- mg/dl). The low group had a significantly higher incidence 
of small-for-gestational-age infants (20%). in contrast, the incidence of large- for-gestational-age infants 
was 21-fold higher in the mean blood glucose category t than in the low mean blood glucose: category 
(24% vs. 1.4%, p <0. 0001). An overall incidence of 11% small- -for-gestational- age and 12% 
large-for-gestational-age infants was calculated for the control group. A significantly higher incidence of 
small-for-gestational-age infants (20% vs. 11%, p. < 0. 001) was found between the control and the low 
category. In the high mean blood glucose category an approximate twofold increase was found in the 
incidence of large-for-gestational- age infants when compared ‘with the control group (p < 6. 03). No 
significant difference was found between the contro! and mean blood glucose categories. (87 to 104 
mg/dl). Our data suggest that a relationship exists between level of glycemic control and neonatal weight. 
This information is helpful in targeting the level of glycemic control while optimizing’ pregnancy outcome in 
gestational diabetes comparable to the general popillation. (Am J Osstet GYNECOL 1989:161:646-53. ) 


Key words: Gestational diabetes, level of control, intrauterine growth » retardation; ; 


macrosomia 


In recent years tight glycemic control became a stan- 
dard of care in the management of the pregnant dia- 
betic in order to reduce perinatal mortality and mor- 
bidity. This resulted in the reduction of perinatal mor- 
tality to rates comparable to those observed in the 
normal population.'? In contrast, the incidence of ‘per i- 
natal morbidity as reflected by metabolic disorders.and 
macrosomia remains relatively high.** Perinatal mor- 
tality was ‘prevented by recognition of the need for 
stringent metabolic control in the pregnant diabetic. 
However, paucity of information is available regarding 
the optimal level of glycemia that should be targeted 
to reduce perinatal morbidity. 

Tight glycemic control may result in acute and 
chronic nutritional deprivation, which are linked to re- 
tarded fetal growth and substrate limitations. Fetal in- 
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sulin levels are responsive to changes in substrate avail- 
ability in either direction. ‘The fetus grows to the limits 
allowed by the supply of critical nutrients. It can be 
anticipated that. there will be a significant difference in 
neontal size in relation to the level of glycemic control 
in the mother. 

In the early 1970s, Pedersen’ recognized that ma- 
ternal hyperglycemia ‘i is a cause for fetal hyperinsuli- 
nemia, leading to excess fetal growth. In contrast, we 
and other researchers have shown that relative mater- 
nal hypoglycemia is associated with intrauterine growth 
retardation (IUGR).*’ In this study we sought to answer 
the research question: What are the optimal levels of 
glycemic control that will maximize perinatal outcome? 
To resolve this issue, we investigated the association 
between different levels of glycemic control and neo- 
natal weight size (large-for-gestational-age (LGA) vs. 
small-for-gestational-age (SGA) infants). We also eval- 
uated the relationship between neonatal weight and 
selected maternal characteristics (e.g., obesity, treat- 
ment modality). 


Material and methods 


A prospective study of 334 gestational diabetic and 
334 matched control nondiabetic women was under- 
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Table I. Patient characteristics 
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Women with gestational 
diabetes (n = 334) 


Control subjects 
(n = 334) 











Age (yr) 31 + 5* 27 +6 
Weight change (kg) 1447 1b+7 
Race (%) 
White 39 35 
Black 38 37 
Hispanic 29 28 
Obesity (%) 52 49 
Body mass index 28 + 6 27 £6 
Gestational age at delivery (wk) 39 +2 39 + 2 
Family history of diabetes (%) 40 38 
Previous history of gestational 10 — 
diabetes (%) À 
Oral glucose tolerance test results f 
Fasting 103 + 16 848 
l hr 209 + 28 14] + 26 
2 hr 187 + 33 120 + 21 
3 hr 140 + 38 98 + 22 
*p < 0.05. 


Table II. Characteristics of patients with gestational diabetes according to.neonatal size grouping 








Neonatal birth weight groups 











Age (yr) 3146 
Parity (%) 

0 62 

1-2 22 

>3 16 
Race (%) 

White 36 

Black 49 

Hispanic 15 
Obesity (%) 58 
Previous gestational diabetes (%) 6 
Mean arterial pressure (mm Hg) 87 + 13 


Glucose profile 


Mean blocd glucose (mg/dl) 88 + 
Interquartile range 27+ 
No. of reversals 3t 
Average excursion 31+ 


SGA (n = 38) 





taken from 1985 to 1988. Women were matched for 
obesity, race, parity, and gestational age at delivery. 
Gestational diabetes mellitus was diagnosed in accor- 
dance with the National Diabetes Data Group Criteria 
and normal individuals by a normal oral glucose tol- 
erance test (all values normal) during the third tri- 
mester.® 

To promote optimal metabolic control, the gesta- 
tional diabetic participants were instructed in the use 
of a memory-based reflectance meter to assure accurate 
and reliable collection of blood glucose data.* They 
were requested to test their blood seven times per day. 
The quality of control was assessed at the weekly or 
biweekly clinic visit. Self-monitoring blood glucose data 
were analyzed for four parameters: mean, interquartile 
range (variability) distance between the 25th and 75th 





AGA (m = 264) LGA (n = 34) 





31+ 5 32 + 6 
41 30 
47 60 
12 10 
37 31 
38 19 
25 50 
49 71 
9 18 

8E + 9 84 + 10 

92 + 8 107 + 15 

30 + Íl 34 t 14 

442 624 

27 + ll 24 + 13 





percentiles, reversals (fluctuation) in median glucose 
curve, and level of excursion from the median.’° 

The treatment modalities included either diet alone 
or a combination of insulin and diet. Treatment as- 
signments were determined on the basis of fasting 
plasma and mean blood glucose levels. Subjects were 
counseled by a nutritionist in diet management, with a 
regimen of three meals and four snacks daily. Diet con- 
trol involved caloric restriction based on maternal body 
weight.'*!? Maternal size was determined by body mass 
index (body mass index. = weight/height? in kilograms 
per meter). Obese patients (body mass index =27) were 
restricted to 25 calories per kilogram of body weight, 
and nonobese patients to 30 calories per kilogram. In- 
sulin therapy was initiated when fasting plasma glucose, 
mean blood glucose, or both were >95 mg/dl. Insulin 
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was administered by multiple injections of regular and 
NPH insulin synchronized with the diet. 

The goal of treatment was to maintain a fasting blood 
glucose level of 60 to 80 mg/dl, preprandial and bed- 
time levels of 70 to 90 mg/dl, postprandial levels of 
<120 mg/dl, and an overall mean <95 mg/dl. 

Infants were considered large for gestational age 
when their birth weight was greater than or equal to 
` the 90th percentile and small for gestational age when 
their ‘birth weight was less than’ or equal to the 10th 
percentile.” Clinical data (e.g., last menstrual period), 
early ultrasonographic result (<20 weeks) when avail- 
able, pelvic examination, and newborn examination 
were used to assess gestational age. Neonatal metabolic 
complications included hypoglycemia (<35 mg/dl), 
hypocalcemia (<7.5 mg/dl), hyperbilirubinemia (>12 
mg/dl), and polycythemia (>65%). 


Sincé we previously identified three clusters on the | 


basis of overall mean blood glucose," in this study they 
were used to analyze the relationship between level of 
glycemia and neonatal size. This resulted in three 
groups: low, <86 mg/dl (n = 69); mid, 87 to 104 
mg/dl (x = 180); and high, =105 mg/dl (n = 85). Data 
analyses included univariate and bivariate statistical 
techniques with parametric and nonparametric tests. 
Categoric data were analyzed with the x? and Fisher’s 
exact tests. Continuous data were analyzed by Student’s 
l test. f , 
Analysis of variance was used to test for differences 
between the three groups. To determine the extent to 
which the variables contribute to neonatal size, a step- 
wise multiple regression was performed. Both tests of 
significance and the magnitude of the relationships ex- 
pressed as the variance of the dependent variable that 











A EA 
105- To 
BLOOD GLUCOSE GROUPS 


Fig. 1. Association among neonatal size, level of glycemic contro 


, and hypertension. 


can be accounted for by the independent variable were 
used to report regression results. Variables contributing 
3% of the total variance were considered noteworthy 
of discussion. In all cases the F values are significant at 
the 0.01 level or better. 


Results 

Study sample characteristics. A total of 334 gesta- 
tional diabetics, were identified and participated in this 
prospective study. They represented a 2.6% incidence 
of gestational diabetes. The control group was drawn 
from the group of all women referred for oral glucose 
tolerance tests from 1985 to 1988; controls were 
matched for race, obesity, and gestational age at deliv- 
ery. As shown in Table I, there was a significant dif- 
ference only in maternal age. Further analysis com- 
pared gestational diabetic patient characteristics on the 
basis of heonatal weight (SGA, appropriate for gesta- 
tional age (AGA), LGA). The average maternal age was 
approximately 31 years and was similar for all groups. 
The mean gestational ages at diagnosis and delivery 
were comparable. The majority of patients with AGA 
and LGA infants had been delivered at least once be- 
fore; the rate of multiparity ranged from 59% to 70%. 
In contrast, the multiparity rate of the mothers with 
SGA infants was 38%. Approximately two thirds of 
patients with LGA infants (71%) were obese and one 
third (30%) had a previous history of gestational dia- 
betes. This compared to 58% and 11% for SGA, and 
49% and 16% for AGA groups, respectively. Charac- 
terization of level of glycemic control by means of the 
ambulatory glucose profile revealed a significant dif- 
ference between the groups. The mothers with SGA 
infants were found to have the most stable level of 
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Fig. 2. A, Incidence of LGA, SGA, and treatment modalities. B, Incidence of LGA, SGA, and 
maternal size. 


glycemic control (reversals), the lowest mean blood glu- trol and incidence of SGA and LGA infants is shown 
cose, with a narrow variability indicated by a 27 mg in Fig. I. The relative risk for having an SGA infant 
range (Table II). in the low (<&6 mg/dl) category (mean blood glucose 

Association between level of glycemia and neonatal 81 + 6 mg/dl was 2.56 with a 95% confidence interval 


weight. The relationship between level of glycemic con- of 1.24 to 5.29 in comparison with the other groups. No 
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Table ITI. Outcome of pregnancy by neonatal size groups 








SGA AGA LGA 
(n = 38) (n = 264) (n = 34) 
Maternal weight change (kg) 12 + 7* 14+ 9 17+8 
Hypertensive disorder (%) 13 2 3 
Gestational age at delivery (wk) 38+ 2 39 +2 39+ 1 
Previous LGA infant (%) 3 17 35 
Previous stillbirth (%) 8 12 9 
Previous SGA infant (%) 3 6 = 
Primary cesarean section (%) 30 13 18 
Neonatal birth weight (gm) 2426 + 291 3231 + 400 4047 + 247 
Polycythemia (>60%) (%) 5 l 8 
Hyperbilirubinemia (>12 mg/d!) (%) 12 4 4 
Hypoglycemia (<35 mg/dl) (%) 7 5 8 
Hypocalcemia (<7.5 mg/dl) (%) 7 — 4 
Respiratory distress syndrome (%) 7 2 — 
Neonatal intensive care unit admission (%) 17 6 12 


*SGA versus LGA, p < 0.006. 


significant difference exists in the two mean blood glu- 
cose categories (mid, 87 to 104 mg/dl, mean blood glu- 
cose 95 + 5, and high, =105 mg/dl, mean blood glu- 
cose 114 + 7 mg/d!) in the incidence of SGA (8.9% vs. 
9.4%, respectively). 

In contrast, a relative risk of 20.92 (95% confidence 
interval, 2.73 to 160.42) for developing LGA infants 
was found for the high mean blood glucose category 
when compared with the low mean blood glucose cat- 
egory. In addition, a relative risk of 3.95 (95% confi- 
dence interval, 1.86 to 8.40) for developing LGA in- 
fants was found between the high and the mid mean 
blood glucose categories. A relative risk of 2.61 (95% 
confidence interval, 1.20 to 5.69) was found between 
the mid and low categories. 

Association among level of control, maternal size, 
treatment modality, and neonatal size. Overall 32% 
(107) of the 334 participants were managed by diet 
alone and 68% (227) were treated with insulin. The pre- 
valence of SGA and LGA infants by treatment modality 
for the three categories of level of glycemic control is 
shown in Fig. 2, A. For patients in the mid mean blood 
glucose range, the proportion of small infants was unre- 
lated to treatment regimen (10% for diet, and 8% for 
the insulin groups, p = NS). There was a comparable 

- rate of large infants (6.9% and 7.4%, respectively). No 
significant difference was found between treatment 
modalities and the incidence of LGA and SGA infants 
in the low and high categories of mean blood glucose. 
Within the low mean blood glucose category, the rela- 
tive risk for developing SGA vs. LGA infants was 
17.31 (95% confidence interval of 2.20 to 60.76). The 
risk for developing LGA infants within the high cate- 
gory was 2.96 (95% confidence interval of 1.22 to 7.17). 
Each of these categories unilaterally was found to be 
significantly different from all other aaepe (p< 
0.001). 





The data were analyzed to determine the relationship 


' between maternal obesity and LGA and SGA infants. 


Significantly (p < 0.04) more LGA and SGA infants 
were born to obese (14% and 13%) than nonobese 
mothers (6% and 10%, respectively). 

Fig. 2, B, demonstrates that the rate of large in- 
fants was significantly higher in the high mean blood 
glucose category regardless of maternal obesity. Fur- 
thermore, in the low mean blood glucose category, a 
trend was observed for a greater disparity for risk 
of SGA infants regardless of maternal size. No sig- 
nificant difference. in weight change during preg- 
nancy in the three mean blood glucose categories was 
found. 

Pregnancy outcome. Comparison between the con- 
trol and gestational diabetes subjects for the entire 
study population revealed a higher incidence of hy- 
pertensive disorder in the control group (13% vs. 3%, 
p<0.05, respectively). No significant difference was 
found in the incidence of hypertension among the 
three blood glucose categories in the gestational dia- 
betic patients. The mean weight gain change and pri- 
mary cesarean section rate (13% vs. 14%) showed no 
difference between the control and the gestational di- 
abetic subjects. In the control group, an overall inci- 
dence of 11.7% SGA and 12.2% LGA infants was cal- 
culated. Further analysis between control and low (=86 
mg/dl) category showed the highest incidence of SGA 
infants (11% vs. 20%) with a relative risk of 1.93 (95% 
confidence interval of 1.03 to 3.75), and the lowest in- 
cidence of LGA infants (12.2% vs. 1.4%) relative risk 
6.03 (95% confidence interval of 1.28 to 69.5). In the 
high mean blood glucose category (=105 mg/dl), an 
approximately twofold increase was found in the in- 
cidence of LGA infants when compared with the con- 
trol group (relative risk 2.22, 95% confidence interval, 
1.23 to 3.99). Finally, no significant difference was 
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Fig. 3. Pregnancy outcomes: previous versus present pregnancy. 


found between the control and mid mean blood glucose 
category. 

The gestational diabetes study population was fur- 
ther stratified on the basis of neonatal weight into three 
groups: SGA, AGA, and LGA. The neonatal outcomes 
and selected maternal characteristics by neonatal 
weight are listed in Table III. Infants were similar with 
respect to gestational age at delivery (mean, 39 + | 
weeks) for all patients. Polcythemia was documented in 
approximately 5% of all neonates, and was most com- 
mon in the LGA infants (p < 0.04). 

Hyperbilirubinemia affected 12% of the SGA infants, 
compared with 4% for each of the other two groups. 
The incidence of neonatal intensive care unit admission 
was twofold higher for LGA infants and threefold 
higher for the SGA infants when compared with AGA 
infants (p < 0.03). 

Two stepwise multiple regressions (gestational dia- 
betes and control) were performed to determine the 
relative contribution of each variable to neonatal size. 
In the first (gestational diabetes), 21 independent vari- 
ables were analyzed. Three variables were noteworthy 
with respect to contribution to neonatal size. Mean 
blood glucose, weight gain, and gestational age at de- 
livery accounted for 44% of the total variance. Race, 
parity, hypertension, obesity, and previous large infant, 
although entered into the regression, did not meet the 
criteria for inclusion in the regression results. In the 
second analysis (control), weight gain in pregnancy, 
body mass index, gestational age at delivery, fasting 





SGA 





LGA 


plasma glucose on glucose tolerance test, and previous 
LGA infant accounted for 36% of the variance. 

Finally, further analysis used patient obstetric history 
as the comparison for present pregnancy outcome. Pre- . 
vious macrosomia was recorded in 29% of all previous 
pregnancies. Of these, 78% of the mothers did not have 
LGA infants in the current pregnancy (p < 0.02). 
There was one stillbirth in this series (3%) of a diet- 
treated patient at a gestational age of 37 weeks. ‘This 
is in contrast to an 18% stillbirth rate in previous preg- 
nancies (Fig. 3). 


Comment 

A key finding in this study is that the incidence of 
SGA infants of gestational diabetic mothers is signifi- 
cantly related to maternal glucose level. The results 
further support three distinct mean blood glucose 
groups: low, =86 mg/dl (mean, 81 + 6 mg/dl) with 
the highest incidence of IUGR; mid category, 87 to 
104 mg/d] (mean, 95 + 5 mg/dl) comparable to the 
general population; high category, =105 mg/dl (mean, 
114 + 7 mg/dl), which was characterized by the highest 
rate of LGA infants. 

It is widely accepted that complications in the 
pregnant diabetic (mainly perinatal mortality and con- 
genital malformations) are the consequence of hyper- 
glycemia.’ © However, considerable controversy exists 
regarding the means for lowering the incidence of peri- 
natal morbidity in mothers with gestational diabetes. 
The concept that maternal glycemic control can influ- 
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ence perinatal morbidity was supported by several 
investigators’ * and refuted by others.*'* The majority 
of these studies failed to include a control group to 
reflect a normal population. Additionally, researchers 
also have debated what criteria constitutes the optimal 
level of glycemic control. Several key factors contribute 
to this controversy. Lack of uniformity in the diagnostic 
criteria creates diverse study populations. 

` There is inconsistency. in the definition of large in- 
fants. Some investigators define LGA infants as those 
with birth weights greater than the 90th percentile, 
using divergent growth curves, whereas others de- 
fine macrosomic infants as those weighing >4000 to 
4500 gm. The addition of LGA infants contributes to 
the incidence of infants weighing >4000 gm. There- 
fore the relatively high proportion of affected infants 
may remain unrecognized and enhances the scope of 
the problem. 

Furthermore, there is lack of agreement regarding 
treatment criteria for the patient with gestational dia- 
betes (e.g., insulin initiation) and the appropriate 
method to verify the accuracy of the glucose data (e.g., 
frequency, method of testing, and patient compliance). 
Thus it is problematic to determine the optimal level 
of glycemia that will maximize pregnancy outcome.** 

We addressed these issues by maximizing uniformity 
in our study population by use of the National Diabetes 
Data Group criteria, adherence to strict calculation and 
confirmation of gestational age and treatment of all 
patients with the same protocol using memory-based 
reflectance meters to assure accurate and reliable data. 
The standard growth curve comparable to our general 
population was used. In addition, a matched control 
from our normal population was chosen to remove se- 
. lection bias. 

The results strongly support the efficacy of stringent 
metabolic control for the reduction of the incidence of 
LGA infants. The data further demonstrate that a re- 
lationship exists between level of glycemic control and 
neonatal outcome. The fact that mean blood glucose 
explained 26% (of total 44% variance) of the contri- 
bution to neonatal size further underscores the signif- 
icance of tight glycemic control. In this group of pa- 
tients, optimal control was achieved in 75%, and only 


25% (high mean blood glucose category) experienced - 


fluctuations in level of control during the study period. 
This deviation from optimal control for the small num- 
ber of patients probably accounts for the predictability 
between mean blood glucose and neonatal size. 

The low mean blood glucose category resulted in a 
high incidence of IUGR (20%). Could this finding be 
explained by the presence of hypertensive disorder, a 
factor well known to be associated with SGA infants? 

' The overall incidence of hypertensive disorder in our 
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diabetic subjects was 3%, with the lowest incidence in 
the low mean blood glucose group (1.6%). 

In contrast, the incidence of SGA infants remains 
virtually the same in the mid and high groups 9% 
overall). Thus it appears that a mean blood glucose 
level <87 mg/dl increased the incidence 2.55-fold for 
the development of IUGR, resulting in a high incidence 
of neonatal intensive care unit admissions, and a higher 
incidence of respiratory distress syndrome. 

Another concern with previous studies is the failure 
to analyze separately the obese and nonobese mothers 
with respect to neonatal outcome. Evaluation of the 
effect of treatment modalities and maternal obesity on 
the incidence of SGA infants revealed that the risk ap- 
pears to be directly related to mean blood glucose levels 
with two points of demarcation: 87 and 105 mg/dl. The 
first level signals the risk for IUGR and the second the 
risk for macrosomia. 

Previous studies* suggested a high incidence of re- 
peat occurrence of large infants in mothers with a pre- 
vious history of macrosomia. We found that 78% of the 
mothers with gestational diabetes who had at least one 


‘previous macrosomic infant completed the current 


pregnancy with an AGA infant. Furthermore, tight ver- 
ified metabolic control was achieved in 75% of our di- 
abetic patients. 

In summary, there is little doubt that absence of in- 
sulin in fetal circulation is associated with severe fetal 
growth retardation. It is also well recognized that ma- 
crosomia is a consequence of fetal hyperinsulinemia. 
Although multiple risk factors are cited as plausible 
causes for alteration in fetal growth, it appears that level 
of glycemic control plays a major role. Thus under- 
treatment and overtreatment of diabetic individuals can 
result in iatrogenic growth-retarded or macrosomic fe- 
tuses. Furthermore, targeting the level of glycemic con- 
trol to a range of 87 to 104 mg/dl (mean, 95 + 5 
mg/dl) will result in neonatal size comparable to the 
general population. 
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Maternal hemoglobin F levels may have an adverse effect on 
neonatal birth weight in pregnancies with sickle cell disease 


Akolisa eipacenanans, MD, Henny H. Billett, MD, Oded Langer, MD, 
Lois: Brustman, MD, Claudia Berger, BA, Linda Wyse, MD, Ronald L. Nagel, MD, and 


Irwin R. Merkatz, MD 
Bronx, New York 


A total of 26 patients with sickle cell disease were followed up TA 32 pregnancies. There was no 
correlation between days in hospital or number of painful crises and either birth weight or birth weight 
percentile. The number of dense irreversibly sickled and least deformable cells was negatively 
correlated with birth weight percentile (r = -0.63, p < 0.01). Patients’ initial hemoglobin levels were 
positively correlated with birth weight percentile (r = 0.52, p < 0. 004). Hemoglobin F, on the other 
hand, was significantly inversely correlated with birth weight percentile, Nine pregnancies with 
small-for-gestational-age infants had an average hemoglobin level of 9.1% + 4.5%. In contrast, patients 
who were delivered of appropriate- for-gestational- age infants (23 pregnancies) chad an average hemoglobin 
F level of 3.6% + 2.9% (p < 0.01). We conclude that total hemoglobin levels and dense cells are 
correlated with birth weight percentile; moreover, the higher the maternal hemoglobin F levels the higher 
the risk of small-for-gestational-age infants. We speculate that although high hemoglobin levels may be 
beneficial to the fetus, high maternal hemoglobin F levels could increase the desaturation of non-F cells 
and induce placental obstruction. (Am J OBsTET GYNECOL 1989;161:654-6.) 


Key words: Sickle cell disease, pregnancy, hematology 


Sickle cell disease i is.a clinically heterogeneous. dis- 
order with, some patients” virtually’ asymptomatic, 
whereas others exhibit severe disease.’ The disease may 
have an adverse effect on fetal growth and a high prev- 
alence of low birth weight babies has: been reported.? 
Although the degree of anemia has been shown to in- 
fluence birth weight percentile, there is a paucity of 
information with regard to: which, if any, hematologic 
parameters in sickle cell disease influence neonatal out- 
come. This study attempts to examine this question by 
investigating the relationship between several hema- 
tologic factors and neonatal birth weight percentile. 


Material and methods 


All pregnant women with sickle cell disease were ini- 
tially seen in the first trimester of pregnancy. Prenatal 
visits were scheduled every 2 weeks until 34 weeks’ 
gestation, and then weekly thereafter. Whenever pos- 
sible, the hematologic parameters used for analysis 
were those obtained in the previous nongravid state. If 
the patient was first seen when pregnant, the values 
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Table I. Selected patient characteristics 


icy a | Mean + SD 


Maternal age (yr) 26.0 + 4.8 
Birth ‘weight (gm) ` 2754 + 463.0 
Gestational age at delivery (wk) 38.4 + 1.8 
Hemoglobin (gm/dl) 8.44 11 
Hemoglobin F (%) 5.8 + 4.3, 
Dense cells (%) 13:8 + 10.0 
Hospitalization (days) 30 + 49 
Reticulocyte count (%) 12.6 +.5.1~ 





obtained on the earliest visit or well after delivery 
{(>2 months) were used. 

Complete blood counts were performed on blood 
drawn into tubes containing ethylenediaminetetraace- 
tic acid and processed within 8 hours on an automated 
cell counter (Technicon HI, Tarrytown, N.Y.). Iso- 
pyknic red blood cell continuous density gradients were 
performed by the technique previously described by 
Fabry and Nagel’ Density gradients were photo- 
graphed and the resultant transparencies were evalu- 
ated by densitometry. Four fractions (SS1, SS2, SS3, 
and SS$4) were defined with SS1 representing the light- 
est cells and SS4 representing the densest fraction of 
sickle cells and containing the major portion of irre- 
versibly sickled cells. 

All patients had solubility studies and hemoglobin 
electrophoreses performed by both cellulose and agar 
gel electrophoresis. Hemoglobin F was measured by 
alkaline denaturation. Reticulocyte counts were per- 
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Fig. 1. Regression of maternal percentage of dense cells (SSA) 
on birth weight percentile. A 


formed with methylene blue. Bilirubin levels were ob- 
tained from routine laboratory serum multichannel 
analyzers. i 

Small for gestational age was defined as neonatal 
birth weight less than the tenth percentile for gesta- 
tional age. l 

Distribution statistics, regression analysis, and paired 
Student t tests were performed with a Lotus data base 
with the Statgraphics statistics program (STSC-Plus- 
Ware, Rockville, Md.) on an IBM-AT computer. 


` Results 


A total of 26 patients with sickle cell disease were 
followed-up through 32 pregnancies, Selected patient 
characteristics are listed in Table Í. The densest and 
least deformable cells (554) were negatively and signifi- 
cantly correlated with birth weight percentile (r = 
— 0.638, p < 0.01) (Fig. 1). Patients’ initial hemoglobin 
levels were positively and significantly correlated with 
birth weight percentile (r = 0.52, p < 0.004) (Fig. 2). 
Hemoglobin F, on the other hand, was significantly 
inversely correlated with birth weight percentile (r = 
— 0.59, p < 0,03) (Fig. 3). Nine of the 32 pregnancies 
(28%) resulted in small-for-gestational-age births and 
their mean maternal hemoglobin F level was 9.1 + 
4.5%. In contrast, those patients who were delivered 
of appropriate-for-geszational-age infants had signifi- 
cantly lower mean hemoglobin F levels 3.6 + 2.9% 
(p < 0.01). l 

There was no correlation with days in hospital or 
number of painful crises and either birth weight or 
birth weight percentile. In addition, there was no re- 
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Fig. 2. Regression of initial hemoglobin levels on birth weight 
percentile. 
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Fig. 3. Regression of maternal hemoglobin F level on birth 
weight percentile. 


lationship between birth weight percentile and the 
number of transfusions received during pregnancy, re- 
ticulocyte count, mean cell volume, serum bilirubin 
level or lactic dehydrogenase level. 


Comment 


Other investigators have reported that anemic pa- 
tients tend to have smaller infants with increased risk 
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of fetal death* *; hence it is not surprising that pregnant 
patients with sickle cell disease are delivered of lighter 
babies. What is surprising is the extent of this positive 
correlation between birth weight and maternal hemo- 
globin’ level, despite the lower oxygen affinity of the 
sickle hemoglobin secondary to both increase in 2,3- 
diphosphoglycerate level and intrinsic low affinity of 
the polymer of hemoglobin S, which should predict 
better oxygenation than might otherwise be expected 
for the level of hemoglobin. ' 

Many of the adverse consequences in patients with 
sickle cell anemia are a result of vasoocclusion induced 
by sickle cell adhesion and precapillary and capillary 
obstruction and the subsequent selective trapping of 
denser sickle cells.” 8 In our patient population, the 
denser and less deformable cells (SS4) were inversely 
related with neonatal birth weight ‘percentile, which 
suggests that dense cells may play a role in these phe- 
nomena. 

The finding that the maternal hemoglobin F level 
was inversely related to neonatal birth weight was un- 
expected. High hemoglobin F levels have been associ- 
ated with decreased hemolysis, higher hemoglobin 
levels, and fewer dense cells.” For most patients with 
sickel cell anemia, hemoglobin F is unevenly distrib- 
uted in cells, with some cells containing a large amount 
of hemoglobin F (F cells) and others with little or no 
hemoglobin F. Subgroups of patients with sickle cell 
anemia, the Saudi Arabian and Indian populations and 
carriers of Senegal haplotype, as well as those with he- 
reditary persistence of hemoglobin F, exist that have 
higher hemoglobin F values, more F cells, and generally 
milder disease.® '>! It would have been more reason- 
able to assume that hemoglobin F, with its associated 
milder disease, would also have a favorable effect on 
neonatal outcome. 

The negative effect of hemoglobin F on birth weight 
percentile could be explained if the higher hemoglobin 
F levels in the mother interfere with the ability of the 
fetus to compete for oxygen at critical stages of devel- 
opment. However, Charache et al. “ have demon- 
strated that high affinity hemoglobins with oxygen half- 
saturation pressure (P 50) levels lower than that of he- 
moglobin A do not compromise fetal outcome. An al- 
ternative explanation is that the delivery of maternal 
oxygen in the placenta would fall predominantly on the 
red blood cells that do not contain hemoglobin F be- 
cause of their lower oxygen affinity. Under these cir- 
cumstances, and particularly as a result of hemody- 
namic stasis prevalent in the sinusoids of the placenta, 
the blood cells that do not contain hemoglobin F would 
become selectively even more deoxygenated and par- 
ticularly rigid. The larger the percentage of cells that 
contain hemoglobin F, ‘the smaller the percentage of 
low affinity cells and consequently the lower the satu- 
ration of these non-F cells. Although fewer, the non-F 
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cells without hemoglobin F in mothers with higher he- 
moglobin levels will be much more rigid than their 
counterparts and could induce sludging in general and 
obstruction of the venular outlets of the sinusoids. This 
interpretation is in agreement with the data of 
Charache™ and our observations of a patient with he- 
reditary persistence of hemoglobin F and 33% hemo- 
globin F who was delivered of an infant in the 75th 
percentile. In both instances the hemoglobin is distrib- 
uted equally in all cells and would not promote se- 
lective desaturation of non-F cells. In addition, it 
may help to explain why transfusion does not ap- 
pear to be beneficial in pregnancies with sickle cell 
disease.” 8 l l 


We thank Dr. Mary E. Fabry for her help with the 
gradients, and Kathy Conroy and Fanya Schonbuch for 
their technical assistance. 
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Pneumonia during pregnancy: Has modern technology 


improved maternal and fetal outcome? 


Nancy E. Madinger, MD, Jeffrey S. Greenspoon, MD,” and A. Gray Ellrodt, MD* 


Los Angeles, California 


The maternal death rate and rate of preterm delivery associated with pneumonia during pregnancy have 
not decreased since the introduction of antibiotics four decades ago, We retrospectively reviewed 25 cases 
of pneumonia during pregnancy; these cases occurred among 32,179 deliveries. Mecical complications 
included: bacteremia, 16%; empyema, 8%; atrial fibrillation, 4%; respiratory failure necessitating 
mechanical ventilation, 20%. Obstetric complications occurring during the pneumonia episode included: 
preterm labor, 44%; preterm delivery, 36%. A patient with cystic fibrosis died; one stillbirth and two 
neonatal deaths occurred. Underlying maternal disease was significantly associated with maternal medical 
complications (p = 0.023) and preterm delivery (p = 0.012). Significant medical and obstetric 
complications continue to occur frequently despite modern antimicrobial, tocolytic, and supportive therapy. 
Underlying maternal! disease, including acquired immunodeficiency syndrome and cystic fibrosis, was 
associated with preterm delivery and neonatal and maternal death. (AM J OssTeT GYNECOL 1989;161:657- 
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Pneumonia is an infrequent complication of preg- 
nancy, reported to occur in 1 per 118 to 2288 deliv- 
eries.'* It has long been recognized to jeopardize the 
well-being of both the mother and fetus,"** although 
maternal complications have decreased markedly 
throughout this century.** The introduction of anti- 
biotics dramatically reduced maternal mortality but did 
not appreciably affect the rate of preterm delivery.’ 

The spectrum of community-acquired pneumonia 
in adults has recently been expanded to include sev- 
eral “new” pathogens, including Legionella pneumo- 
phila, Pneumocystis carinii, and Chlamydia psittaci TWAR 
strain.* ’ Additionally, an increasing proportion of 
pneumonias are secondary to gram-negative organ- 
isms, while a declining incidence of Streptococcus pneu- 
moniae and Staphylococcus aureus has been noted.’ 

Women with chronic respiratory diseases and women 
who are immunocompromised (from infection, malig- 
nancy, or chemotherapeutic agents) are now surviving 
into reproductive years and are attempting pregnancy. 
Respiratory infections commonly encountered in such 
patients may lead to an increase in pneumonias during 
pregnancy, which may differ from the community- 
acquired pneumonias described in adults. The impact 
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of this group of patients on the incidence and type of 
pulmonary pathogens in an obstetric population has 
not been systematically described. Previous studies of 
pneumonia during pregnancy either were conducted 
before the recognition of unusual pathogens that cause 
pneumonias or consisted of isolated case reports.*"' We 
reviewed all cases of pneumonia in pregnant patients 
admitted to a university-affiliated, community hospital 
to determine if the natural history of this medical com- 
plication of pregnancy has changed in recent years. ` 


Methods and material 


The records of 25 patienis with a diagnosis of pneu- 
monia and pregnancy admitted to Cedars-Sinai Medical 
Center (CSMC) from January 1983 to March 1988 were 
reviewed. This study was approved by the Human Re- 
search Review Committee at CSMC. CSMC is an 839- 
bed community hospital serving both private and 
health maintenance organization patients. Patients 
were identified by a computerized search of medical 
center records accessed by discharge diagnosis accord- 
ing to the International Classification of Diseases, 9th 
revision, Clinical Modification (ICD-9-CM). 

The criteria for inclusion in the study included: (1) 
clinical syndrome compatible with pneumonia (pul- 
monary symptoms and/or fever), (2) radiographic ev- 
idence of a pulmonary infiltrate, (3) absence of another 
noninfectious process that would account for the find- 
ings, and (4) time course consistent with community- 
acquired pneumonia. 

Twenty-four of the 25 cases of pneumonia during 
pregnancy were identified by computer search. Cases 
incorrectly coded or misclassified as pneumonia, i.e., 
the physician selected a diagnosis not substantiated by 
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Table I. Demographic information 


Age (yr) 15-38 28.5 + 6.1 

Gravidity 1-9 3.6 + 2.3 

Parity 0-5 - 144 14 

Gestational age at time 21-39 30.8 + 5.2 
of admission (wk) 

Gestational age at time 25-41 35.2 + 5.0 
of delivery (wk) 

Maternal hospital stay 3-35 10.0 + 8.4 
(days) : 





the medical record, were not included. One additional 
case, involving a patient with acquired immunodefi- 
ciency syndrome (AIDS), was identified only by alter- 
nate sources and is included among the 25 cases. 

The charts were abstracted and data entered into the 
MR-TOD (Retriever Data Systems, Seattle, Washing- 
ton) data base for analysis. Contingency table analysis 
was performed with Fisher’s exact test or Student’s 
t test. All cases were reviewed by two of the authors. 

An etiologic agent of pneumonia was assigned if any 
one of the following criteria were fulfilled: (1) positive 
blood culture for a known pulmonary pathogen in the 
absence of another source (when the culture results 
from blood and sputum were inconsistent, the case was 
classified according to the blood culture result); (2) spu- 
tum culture; (3) viral culture; (4) histologic or cytologic 
findings from material obtained by bronchoscopy. Pa- 
tients were categorized as having an unknown cause if 
a Gram stain was available without confirmatory culture 
or if sputum culture was incompatible with the clinical 
course. For example, in a patient whose sputum was 
colonized with Haemophilus influenzae, the illness was 
cured with erythromycin. 

The microbiologic evaluation was deemed inade- 
quate if sputum Gram stain, sputum culture, and blood 
culture were not obtained. The designation “underly- 
ing maternal disease” included patients with asthma, 
cystic fibrosis, AIDS, and severe pregnancy-induced 
hypertension. 


Results 

Demographics. Twenty-five patients with pneumo- 
nia during pregnancy were identified. During the 63- 
month study period there were 32,179 deliveries, yield- 
ing an incidence of 0.78 per 1000 deliveries (1 case per 
1287 pregnancies). Demographic information is shown 
in Table I. The racial background included 13 white, 
10 black, and 2 Hispanic women. No cases were iden- 
tified during the first trimester of pregnancy. Under- 
lying maternal disease was present in 6 of 25 (24%) 
patients: two had asthma; one had cystic fibrosis; one 
had AIDS; two had severe pregnancy-induced hyper- 
tension. 
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Table II. Pathogenic organisms causing 
pneumonia during pregnancy 





No. % 
Streptococcus pneumoniae 4 16 
Haemophilus influenzae 2 8 
Pseudomonas aeruginosa 1 4 
Influenza A 1 4 
Pneumocystis carinii 1 4 
No pathogen identified 1] 44* 
Inadequate microbiologic evaluation 5 20 
Total 25 100 





*Including two patients with gram-positive cocci in the spu- 
tum and a clinical course typical for Streptococcus pnewmoniae 
and one patient with viridans Streptococcus bacteremia. 


Eight patients smoked tobacco and five abused al- 
cohol and/or illicit drugs; only one patient used a par- 
enteral route of drug administration. No identifiable 
relationship was found between outcome (maternal 
medical complication or preterm delivery) and the fol- 
lowing parameters: age; race; obstetric history; tobacco, 
drug, or alcohol abuse; or presenting symptoms. Al- 
though the mean hospital stay was 10 days, more than 
half of the patients were discharged within 1 week. 

Diagnosis. All patients in the study group had pre- 
senting symptoms and/or signs suggesting pneumonia; 
however, the diagnosis of pneumonia was initially made 
in only 20 of 25. Two patients had preterm labor with 
prominent peritoneal signs compatible with an acute 
condition in the abdomen and underwent emergency 
appendectomy. In both cases the appendix was normal, 
and pneumonia was diagnosed as the cause of illness 
after operation. Pyelonephritis and preterm labor were 
the initial diagnoses in one patient, and two additional 
patients had preterm delivery soon after admission and 
pneumonia was diagnosed the next day. A delay in the 
diagnosis of pneumonia resulted in inadequate collec- 
tion of culture specimens, and therefore no pulmonary 
pathogens were identified in this group. 

Microbiology. The cause of pneumonia was deter- 
mined in 9 patients (Table II), The most common 
pathogen was Streptococcus pneumoniae (four cases); two 
were identified by sputum culture and two by blood 
culture. Haemophilus influenzae was identified in two pa- 
tients. In one who had respiratory failure, blood, pleu- 
ral, and pericardial cultures were positive. This case 
was reported elsewhere.” The single case of Pseudo- 
monas aeruginosa pneumonia occurred in a patient with 
cystic fibrosis who had a long history of similar infec- 
tions. Pneumocystis carinii pneumonia was the initial clin- 
ical illness in the patient with AIDS. 

Eleven of 25 patients (44%) had no pathogen iden- 
tified. Serologic studies for causes of atypical pneu- 
monia were completed in only one of these patients. 
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Two patients were presumed to have Streptococcus 
pneumoniae on the basis of sputum Gram stain, clini- 
cal presentation, and response to appropriate anti- 
biotics. Three cases were most consistent with Myco- 
plasma pneumoniae, although confirmatory serologic 
studies were not done. Although one patient had 
bacteremia caused by a! viridans Streptococcus, this or- 
ganism was not considered to be the pulmonary patho- 
gen. Five patients (20%) had an inadequate micro- 
biologic evaluation. Antibiotics empirically used with 
a successful clinical curein patients without an etiologic 
diagnosis included erythromycin, ampicillin, cefazolin, 
and cefuroxime. No adverse antibiotic effect was noted 
in any case. ' 

Maternal complications. All of the major compli- 
cations occurred in 12 patients (Table III). Severe ma- 
ternal disease was a significant risk factor for medical 
complications. Five of 6\(83%) patients with underlying 
maternal disease developed maternal medical compli- 
cations of pneumonia, compared with 5 of 19 without 
underlying maternal disease (p = 0.023). Preterm de- 
livery during pneumonia occurred in 2 of 4 women 
with bacteremia, in 5 of 6 women with mechanical ven- 
tilation of the lungs, and in 5 of 6 women with under- 
lying maternal disease. 

The single maternal death occurred in a 20-year-old 
woman, gravida 2, para 0, with one elective abortion; 
this woman had cystic fibrosis and pulmonary function 
tests predicted a poor maternal pregnancy outcome.” 
She developed an overwhelming Pseudomonas pneu- 
monia with hypoxia and an intractable respiratory ac- 
idosis despite maximal ventilatory support. Arterial 
blood gas values with an inspired oxygen concentration 
of 60% were pH 7.25, Poo, 75 torr, Po, 58 torr, bicar- 
bonate 32 mEq/L, oxygen saturation 84%. At 29 weeks’ 
gestation, a cesarean section was performed during the 
terminal stage of her illness. Her infant developed hya- 
line membrane disease and died of Pseudomonas sepsis 
in the neonatal period. 

Obstetric complications. Obstetric outcomes in 21 
of the 25 patients for whom complete delivery data 
were available are shown in Fig. 1. Eleven patients 
(44%) had preterm labor. Preterm labor was common 
both in patients with underlying maternal illness (2 of 
6) and in those without underlying maternal illness (9 
of 19). The proportion of patients with preterm labor 
was not different between groups (p = 0.66). 

Five of the 11 (45%) had successful tocolysis. Two of 
these 5 and 2 patients who did not require tocolysis 
were lost to follow-up, and are not included in Fig. 1. 
Two patients had preterm delivery during a later hos- 
pitalization despite successful tocolysis and clinical cure 
of pneumonia during the initial admission. One of 
these patients had pyelonephritis, which was cured at 
the time pneumonia developed; the other had a twin 


Pneumonia during pregnancy 659 


Table III. Major medical and 
obstetric complications 


No. of 

Complication patients % 
Bacteremia 
Empyema 
Mechanical ventilation 
Pneumothorax 
Pericardial tamponade 
Atrial fibrillation 
Appendectomy 
Maternal death 
Neonatal death 
Preterm delivery during active 

pneumonia 


O O DO eee No 





pregnancy and required a cervical cerclage for an in- 
competent cervix while she was ill with pneumonia. She 
was delivered of her infant 50 days later with clinical 
evidence of abruptio placentae. 

Severe maternal disease was a significant risk factor 
for preterm delivery during the episode of pneumonia. 
Preterm delivery during the course of pneumonia oc- 
curred in 5 of the 6 patients with underlying maternal 
disease compared with 4 of 19 without underlying ma- 
ternal disease (p = 0.012). Delivery data were unavail- 
able for four patients, including one with underlying 
disease, asthma. 

Although 12 of the febrile patients had fetal tachy- 
cardia (fetal heart rate >160 beats/min) when they 
were initially seen, this appeared to be unrelated to 
outcome. Fetal distress during the episode of pneu- 
monia was observed in only one case, in a patient with 
AIDS, who had an intrapartum stillbirth of a 25-week 
fetus. 

Perinatal complications. There was one stillbirth 
and two neonatal deaths in this series. The perinatal 
death rate in this study was 3 of 26 (including one set 
of twins), or 115.4 per 1000 births. The patient with 
cystic fibrosis whose neonate died was described above. 
One patient with asthma, who required mechanical 
ventilation, developed preterm labor and was delivered 
at 26 weeks’ gestation. The neonate died of complica- 
tions of prematurity. 


Comment 


Historical perspective. Historically, pneumonia dur- 
ing pregnancy was thought to occur more frequently 
and to be more severe than in the nonpregnant pop- 
ulation. In 1939, Finland and Dublin’ described pneu- 
mococcal pneumonia in the preantibiotic era and noted 
that 13% of cases of pneumonia occurring in women 
of reproductive age were among pregnant patients. 
The incidence of pneumonia among hospitalized ob- 
stetric patients was 0.63%. Bacteremia and mortality 
were highest in the obstetric cases, and maternal mor- 
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twins labor 
abruptio placenta 


10 term delivery? 
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AIDS 
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pneumonia term delivery 
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Fig. 1. Flow diagram of the obstetric outcomes of patients with pneumonia during pregnancy. a, 
The figure does not include four patients who were discharged undelivered after the pneumonia 
was cured and then were lost to follow-up. b, Includes one patient who was delivered at 36 weeks 
during an episode of pneumonia. c, Severe pregnancy-induced hypertension was the indication for 
preterm delivery in both patients. d, Spontaneous preterm premature rupture of the membranes 


occurred during the episode of preterm labor. 


tality was greatest in patients who were delivered of 
their infants or were near term. . 

Oxorn? stated that mortality declined significantly 
with the advent of antibiotics. However, preterm deliv- 
ery was unaffected by the availability of antimicrobials 
and involved nearly half the cases. Mortality was again 
felt to be increased in those patients who delivered or 
were near term. 

In 1965, Hopwood’ reported 23 cases from a 
military-based population and noted an association of 
tobacco use and the incidence of pneumonia. The Col- 
laborative Perinatal Study” provides the largest pro- 
spective series of pneumonia during pregnancy. The 
perinatal death rate was 7 in 119 births (58.8 per 1000 
births). 

Benedetti et al.‘ reported a decline in the incidence 
of pneumonia, a reduction in preterm delivery, and a 
major decrease in maternal mortality in 1982. The 
overall improvement was attributed to modern obstet- 
ric care and a population who presented early in the 
course of disease and received antibiotics promptly. 

Maternal complications. The high complication rate 
in our series does not differ from rates in other reports 
published during the modern era (Table IV). Maternal 
death rates declined after the introduction of antibiotics 


but have remained essentially unchanged since 1955. 
The rate of preterm delivery is unaltered over the past 
three decades. One explanation for this lack of change 
may be that the population being described is different. 
Previous studies did not mention patients requiring me- 
chanical ventilation, suggesting that our patients may 
have been more severely ill. Certainly, at least five pa- 
tients would have died during the episode of pneu- 
monia if ventilatory support and other critical care mo- 
dalities had been unavailable. 

Moreover, this series included several patients with 
chronic illness who would not have been part of 
an obstetric population in the past. We report one 
death involving a patient with cystic fibrosis who had 
prognostically ominous Shwachman-Kulczycki clinical 
scores and pulmonary function tests." She had been 


-counselled about the potentially adverse outcome of 


pregnancy and had undergone an elective abortion of 
her first pregnancy. Her decision to continue her sec- 
ond pregnancy resulted in a tragic outcome for both 


` the mother and the neonate. In general, patients with 


mild to moderately severe cystic fibrosis apparently tol- 
erate pregnancy, and the subgroup at risk for deteri- 
oration can be clinically identified and counseled before 
conception.” 
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Table IV. Comparison of the incidence of pneumonia during pregnancy and the rates of preterm 
delivery and maternal death 






No. of pneumonia 
cases (per No. of 
obstetric admissions) 





Finland and Dublin,! 164/25,891 
1939 
Oxorn,? 1955 (be- 35/ND 
fore antibiotics) 
Qxorn, 1955 (after 29/ND 
antibiotics) 
Hopwood,’ 1955 23/2720 
Collaborative Perinatal 
Study," 1972 119/39,215 
Benedetti et al.,’ 39/89,219 
1982 
Current series 25/32,179 
Subtotals 
Preantibiotic era NC 


Antibiotic era 206/ 163,333 






Incidence 


(per No. of 


deliveries) 


1/118 













Preterm delivery Maternal deaths 


32/74 43 18/74 24 
9/19 47 7/35 20 
11/23 48 1/29 3.5 
ND 2/23 8.7 
ND ND 
1/2288 3/20 15* 0/39 0 
1/1287 9/21 43* 1/25 4 
41/93 44} 25/109 23 


23/64 367 4/116 3.4 








NC, Not calculable; ND, no data reported. 
*Not statistically different (p = 0.085). 
Not statistically different (p = 0.308). 


The patient with AIDS survived her first episode of 
Pneumocystis carinii pneumonia as well as pregnancy, in 
contrast to most case reports of maternal AIDS in preg- 
nancy.*"' Additional maternal deaths caused by pneu- 
monia in pregnancy may occur as concomitant infection 
with the human immunodeficiency virus becomes more 
prevalent in our society. Preterm labor and failure of 
tocolysis are common in pregnant patients with AIDS 


and active pulmonary disease. Perimortem cesarean — 


section in terminally ill patients may be appropriate 
under some circumstances. 

Obstetric complications. Previous reports described 
the rate of preterm delivery but not that of preterm 
labor (although the two rates may have been similar 
before the routine use of effective tocolytic agents). 
Although Benedetti et al. noted that preterm delivery 
was less frequent in their series than in previous reports 
they did not state if this was the result of the use of 
tocolytic therapy. In our study 11 of 25 patients (44%) 
had preterm labor; only 5 of 11 (45%) had successful 
tocolysis. The reason for the high rate of preterm labor 
associated with pneumonia or other infections outside 
of the reproductive tract is not well understood. The 
cervicovaginal microflora and/or the host’s inflamma- 
tory response to infection have been implicated as a 
cause of preterm labor. One postulated mechanism is 
the local production of prostaglandins.” A similar in- 
flammatory response to infection in the lung might 
produce prostaglandins that could circulate to the 
uterus and produce preterm labor. It is conceivable that 
pneumonia triggers a process that leads to preterm 
labor early in the course of pneumonia and is not af- 
fected by antibiotics or tocolytics.’* 





Perinatal complications. The perinatal death rate of 
115.4 per 1000 births is higher than that reported by 
the Collaborative Perinatal Study despite major tech- 
nologic advances in diagnosis, monitoring, supportive 
care, and treatment of premature neonates. The two 
neonatal deaths in this series resulted from complica- 
tions 6f preterm delivery. The stillbirth occurred in a 
25-week fetus; intervention was considered inappro- 
priate in this case because of immaturity. All three peri- 
natal deaths occurred in pregnancies complicated by 
underlying maternal disease, pneumonia, and preterm 
delivery. 

Study design. Although all the cases of pneumonia 
during pregnancy that we identified were reviewed, we 
recognize the limitations of retrospectively retrieving 
cases via ICD-9-CM codes. For this reason we searched 
alternate sources and were able to identify only one 
additional case. We were aware of several cases that 
were also identified by the search. There were no miss- 
ing medical charts of the pneumonia episode, which 
might have resulted in misleading conclusions.” 

The retrospective design of this and other reports of 
pneumonia may provide a biased description of the 
etiologic agents causing pneumonia because there may 
be variation in the completeness of the microbiologic 
evaluation. There was no systematic attempt to deter- 
mine the cause of atypical pneumonia in our series of 
patients. The proportion of patients without an iden- 
tifiable agent in our study, 64%, is higher than the 
proportion reported in prospective studies of non- 
pregnant adults, as frequently as 57%."* As in the study 
of Benedetti et al.,‘ the most common pathogen in our 
series was Streptococcus pneumoniae. Even the frequency 
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of pneumococcal pneumonia miay be underestimated 
because this is a fastidious organism that may not grow 
from the sputum culture and therefore would not be 
identified unless seen on Gram stain or identified from 
blood cultures. Conversely, there is a danger of falsely 
attributing the cause of pneumonia to Streptococcus 
pneumoniae because the sputum of 35% to 60% of nor- 
mal individuals may be colonized with this organism." 
In view of changing trends in the causes of adult pneu- 
monias, it would be best to interpret our results in terms 
of the wide range of pathogens that cause pneumonia 
during pregnancy but not to assign a specific frequency 
to each agent.’ 

Only ¢ one pregnant patient received outpatient treat- 
ment of pneumonia before admission. Because preterm 
labor is a frequent complication of pneumonia, initial 
in-patient evaluation and treatment may be prudent. 
The evaluation might include Gram stain and culture 
of sputum,” blood cultures, skin testing for tuberculosis 
and coccidioidomycosis, serologic tests for respiratory 
pathogens, and viral cultures. More aggressive methods 
of obtaining a diagnosis, such as bronchoscopy, are war- 
ranted in some patients. Until a prospective study of 
pregnant patients is undertaken, empiric antibiotic cov- 
erage should be based on data collected from the non- 
pregnant population with similar underlying diseases. 

“Although the incidence of pneumonia during preg- 
nancy remains low, significant morbidity occurs: in 
many of these cases, especially if the mother suffers 
from underlying illness. In 40% of the cases reviewed 
in this series, patients experienced’ potentially life- 
threatening complications such as sepsis, respiratory 
failure, and cardiac tamponade. In addition, preterm 
labor and delivery remain a major problem, despite the 
use of modern tocolytic agents. 
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Comparison of predelivery versus postdelivery 
Kleihauer—Betke stains in cases of fetal death 


John Owen, MD, Charles M. Stedman, MD, and Tommy L. Tucker, MT(ASCP) 


Birmingham, Alabama 


A prospective study was undertaken to determine whether the delivery process could introduce a 
significant amount of fetal cells into the maternal circulation in patients with a fetal death. Sixty-six cases of 
fetal death were studied over a 39-month period. All patients had both predelivery and postdelivery 
Kleihauer-Betke stains performed. Of these, three (4.6%) had a massive fetomaternal hemorrhage. None 
of the. postdelivery stains showed evidence ofa significant fetomaternal hemorrhage unless results of the 
antepartum stain had also been positive. We conclude that the delivery process itself does not simulate a 
massive fetomaternal hemorrhage in cases of fetal death. (AM J OBSTET GYNECOL 1989:161 663-6.) 


Key words: Fetomaternal hemorrhage, fetal death, Kleihauer-Betke stain 


The association between massive fetomaternal hem- 
orrhage and poor perinatal outcome has been well de- 
scribed.” Fetomaternal hemorrhage has been reported 
to occur in patients with various obstetric complications, 
but may also occur without a recognizable antecedent 
event. Nevertheless the exact pathophysiology of this 
disorder remains obscure:-Previous series? have ré- 
ported that the incidence of massive fetomaternal hem- 
orrhage in otherwise unexplained cases of fetal death 
is as high as 14%, while the incidence of fetal death 
from massive fetomaternal hemorrhage is <0.1%.° 
However, most series included patients who only had 
a postpartum fetal cell stain. Hence, fetal cells could 
have entered the maternal circulation during delivery. 
We therefore sought to determine whether the delivery 
process could simulate a massive fetomaternal hem- 
orrhage by introducing fetal cells into the maternal 
circulation after the death had occurred. 


Material and methods 


Since November 1985 a protocol has been in effect 
for the evaluation of women with a fetal death at =24 
weeks’ gestational age. This evaluation includes a fetal 
cell stain of the maternal blood before and after deliv- 
ery. Fetal cell stains were performed using the Simmler 
acid elution kit according to manufacturer directions. 
A minimum of 5000 cells on each slide were counted, 
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and positive control slides were made with each ma- 
ternal sample batch by means of stored cord blood sam- 
ples to assure adequate stain efficiency. 

The predelivery maternal blood samples werg col- 
lected into vials containing ethylenediaminetetraacetic 
acid at the time of diagnosis (n = 4), at the time of 
admission for delivery (n = 56), or both (n = 6). The 
postpartum samples were collected in similar fashion 
within 4 hours of delivery. All samples were processed 
and interpreted by one of the physician-authors within 
72 hours of collection. If processing could not be per- 
formed immediately after collection, the blood was 
stored at 3° C, 

In each case clinical information from the antepar- 
tum, labor, delivery, and postpartum records was re- 
viewed by one of the physician-authors for factors that 
may have contributed to the fetal death. If a direct 
cause-and-effect relationship could be established (i.e., 
massive abruptio placentae), the case was deemed cer- 
tain. If complications that may have caused the fetal 
death were present, the case was termed possible (i.e., 
hypertensive disease), and if no cause or association 
could be found, the case was assigned an unknown 
classification. Since autopsies, placental microscopic ex- 
aminations, and genetic studies were encouraged but 
inconsistently obtained, this information was not used 
in the clinical assignments of causality. 

To estimate the magnitude of the fetomaternal hem- 
orrhage expressed as a proportion of the total fetopla- 
cental blood volume, the fetoplacental blood volume 
was calculated with a combination of the formula 
established by Morris'—Fetoplacental blood volume = 
162 ml/kg—and the birth weight. Then the volume of 
fetal cells in the maternal circulation was calculated by 
use of the following formula®: 
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Table I. Identified causes and associations of 
fetal death 





Certain 
True knot., 
Massive abruptio placentae 
Acute fatty liver 
Uterine rupture 


— 
Sle Han 


Possible 
Presumed cord accident 
Maternal hypertension 
Growth retardation or oligohydramnios 
Substance abuse 
Collagen disease 
Diabetes mellitus 
Fetal congenital anomaly 
Extreme postterm 


bee 
nue DD 


eae erences 


NOI 
-O 


Uncertain 
No cause identified 


n 
N 


No. of fetal cells 
No. of maternal cells AROS 
Volume of fetal cells in 


maternal circulation (ml) 


Assuming a nominal baseline fetal hematocrit of 50%, 
the proportion of the estimated fetoplacental blood vol- 
ume from an acute hemorrhage into the maternal cir- 
culation is twice the volume of fetal cells detected from 
the fetal cell stain divided by the estimated fetoplacental 
blood volume. Although this is only a crude estimate 
because of the assumptions made in the calculations, it 
may serve as a gauge of the severity of the hemorrhage 
in a more meaningful fashion than the simple calcu- 
lation of the volume of fetal cells in the maternal cir- 
culation. i l 

When appropriate, data are expressed as the 
mean + 1 SD. Confidence limits for binomial propor- 
tions are derived from the exact computational 
method. 


Results 

A total of 66 patients entered the study. The mean 
maternal age was 24 years (range, 13 to 40 years) with 
a racial distribution of 62% black and 38% white 
women. There were 35 primiparous and 31 multipa- 
rous women. The mean gestational age at diagnosis was 
34 weeks; 13 patients were between 24 and 30 weeks, 
31 were between 31 and 36 weeks, and the remaining 
22 women were 237 weeks’ gestation. Sixty-four of the 
66 patients came either to the clinic for their obstetric 
care or to the labor suite for acute care and were found 
to have a fetal demise. One patient suffered a fetal 
death on the antepartum ward, and there was one in- 
trapartum fetal death. 

Ten patients were assigned to the certain group, 29 
to the possible group, and 27 to the unknown group. 
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The causes and associations discovered for those in the 
last two groups are listed in Table I. Of the 27 patients 
with an unknown classification, three (11.1%, 95% con- 
fidence limits 2 and 27) had evidence of a massive fe- 
tomaternal hemorrhage on their antepartum stains. 

The first patient, a 28-year-old, para 0-0-2-0, white 
female woman, was seen near term with unreliable ges- 
tational criteria, spontaneous contractions, and absent 
fetal movement for 2 days. An ultrasonographic ex- 
amination documented the absence of fetal cardiac ac- 
tivity. Except for smoking less than 10 cigarettes a day 
during her pregnancy, no antepartum risk factors 
could be established. At the initial cervical examination, 
the cervix was dilated 5 cm and labor was complicated 
by amnionitis. A fetal cell stain on admission showed 
an 8.7% fetomaternal hemorrhage, equivalent to 209 
ml of fetal cells or approximately 160% of estimated 
fetoplacental blood volume. In addition, the rhesus typ- 
ing returned Du positive. Because of the magnitude 
of the fetomaternal hemorrhage, we postulated that 
rhesus-positive cells from the fetus may have caused 
the Du factor to appear falsely positive. Therefore she 
was treated with eight vials of Rh immune globulin. 
The postpartum stain showed 6.6% fetal cells. Rhesus 
typing and an indirect Coombs test repeated 1 year 
later demonstrated that she was Du-negative and had 
not been become sensitized from the transfusion of 
rhesus-positive fetal cells. She was delivered of a 2070 
gm female stillborn infant with no obvious anomalies. 
An autopsy was declined, and no placental pathologic 
examination was performed. No cause for the fetal 
death could be established. 

The second patient was a 23-year-old, para 0-0-1-0, 
rhesus-positive, white woman, who was seen at 36 
weeks’ gestation with absent fetal movement for 7 days. 
An ultrasonographic examination confirmed the ab- 
sence of fetal cardiac activity. The only identifiable risk 
factor was maternal smoking of <20 cigarettes per day. 
Labor was induced with oxytocin, and she was delivered 
of a macerated, but otherwise normal-appearing, 2785 
gm male stillborn infant. The admission fetal cell stain 
showed a fetomaternal hemorrhage of 3.8% corre- 
sponding to 91 ml of fetal blood or approximately 40% 
of the estimated fetoplacental blood volume; the post- 
partum stain showed 2% fetal cells. An autopsy was 
declined, but placental pathologic examination re: 
vealed hemorrhagic endovasculitis, which has been 
shown to be associated with poor perinatal outcomes’; 
however, a consistent association with fetomaternal 
hemorrhage has not yet been established. 

The third patient was a 21-year-old, para 1-0-0-1, 
rhesus-positive, black woman who was seen at 42 week's 
gestation complaining of absent fetal movement for 1 
day. After ultrasonographic confirmation of the fetal 
death, she was discharged home to await spontaneous 
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labor. Two days later she was delivered of a 2850 gm 
female stillborn infant with no obvious anomalies. An 
autopsy and placental pathologic examination failed to 
reveal another cause for the fetal death. The fetal cell 
stain at diagnosis showed 7.1% fetal cells. This was 
equivalent to 170 ml of fetal cells, or approximately 
74% of the estimated fetoplacental blood volume. The 
fetal cell stains performed 2 days later on admission 
and again post partum showed 4.8% and 6.1% fetal 
cells, respectively. 

A total of 63 patients demonstrated no evidence of 
a significant fetomaternal hemorrhage (<10 fetal cells 
per 5000 maternal cells}, and these were considered as 
negative, Therefore in an unselected series of 66 pa- 
tients with a fetal death at = 24 weeks’ gestation, three 
(4.6%, 95% confidence limits 2 and 12) were attribut- 
able to a massive fetomaternal hemorrhage. The inci- 
dence of the delivery process simulating a massive fe- 
tomaternal hémorrhage was 0 in 63 cases (0%, 95% 
confidence limits 0 and 6). 


‘Comment 


Although the exact cause of massive fetomaternal 
hemorrhage remains poorly defined, its association 
with perinatal morbidity and mortality has been well 
documented. A number of newer methods have be- 
come available for the detection of fetal cells in the 
maternal circulation, but the acid elution stain still re- 
mains a popular technique.’ Although its use has been 
questioned for the precise quantification of fetomater- 
nal hemorrhage, it is rapidly performed with commer- 
cially available reagents, and it has been well described 
in the obstetric literature. 

Although it has generally been accepted that the find- 
ing of a massive fetomaternal hemorrhage meant that 
the cause of fetal death was simple exsanguination, this 
has never been conclusively demonstrated. However, 
evidence that strongly suggests this as the cause in- 
cludes the reports of live-born infants with severe ane- 
mia and abnormal fetal heart tracings in association 
with massive fetomaternal hemorrhage." ë However, 
the possibility that fetal cells may enter the maternal 
circulation in large quantities after fetal death has al- 
ready occurred has never been adequately studied. We 
were unable to demonstrate this effect in any of our 
five patients who had a negative antepartum stain at 
diagnosis and another stain performed at the time of 
admission for delivery. Similarly, the effects of delivery 
on the process of fetomaternal hemorrhage after fetal 
death has remained a viable question. After fetal death 
has occurred normal clotting mechanisms are activated, 
autolysis commences, and the hydrostatic pressure in 
the fetal compartment is lost. We postulate that these 
factors preclude the entry of a large quantity of fetal 
cells into the maternal circulation. 
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Although the precise definition of the term massive 
fetomaternal hemorrhage remains elusive, its effects 
on the fetus are probably a result of both the magnitude 
and chronicity of the blood loss as well as the current 
fetoplacental blood volume. The finding of 25 ml of 
fetal red blood cells in the maternal circulation is more 
significant at 20 weeks’ gestation (the entire estimated 
fetoplacental blood volume) than at 40 weeks’ gestation 
(10% of the fetoplacental blood volume). We would 
estimate that an acute hemorrhage of 20% or more of 
the fetoplacental blood volume could be clinically sig- 
nificant, but the minimum hemorrhage required to 
cause fetal death is not known. A review of six case re- 
ports of fetal death from fetomaternal hemorrhage*® 
demonstrates a range from 23% to 51% of the esti- 
mated fetoplacental blood volume at the time of sample 
collection, whereas in cases of maternal trauma and 
poor perinatal outcome, the percentage of the esti- 
mated fetoplacental blood volume found in the mater- 
nal circulation was between 14% and 34%.’ However, 
important variables that can affect the estimation of 
fetal blood loss with fetal cell stains include the rate of 
entry of fetal cells into the maternal circulation and the 
rate at which the fetal cells are cleared, particularly 
when an ABO or rhesus incompatibility exists. Since 
the exact time of fetal death can seldom be established, 
the possibility exists that an exsanguinating hemor- 
rhage could occur and the fetal cells be destroyed be- 
fore a fetal cell stain is performed. These topics have 
never been adequately addressed in previous studies 
on fetomaternal hemorrhage and fetal death. Cur- 
rently there are insufficient data in the literature to 
establish the optimum management of a pregnancy 
complicated by a fetomaternal hemorrhage in which 
fetal death has not also occurred, although an intra- 
uterine transfusion might be considered if signs of fetal 
decompensation are present," 

We conclude that the incidence of massive fetoma- 
ternal hemorrhage in cases of fetal death is low and 
that the delivery process itself does not simulate a fe- 
tomaternal hemorrhage by introducing fetal cells into 
the maternal circulation. We recommend that a fetal 
cell stain be obtained in all cases of fetal death to es- 
tablish the diagnosis of a massive fetomaternal hem- 
orrhage. In addition, careful microscopic examination 
of the placenta may also be of value and needs further 
study. However, few data exist to determine the prog- 
nosis of future pregnancies in those women who have 
suffered this condition. 
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Uterine rupture: Are intrauterine pressure catheters useful in 


the diagnosis? 


M. Hellen Rodriguez, MD, Damon I. Masaki, MD, Jeffrey P. Phelan, MD, and 


Fidelia G. Diaz, MA 
Los Angeles, California 


The usefulness of the intrauterine pressure catheter in the diagnosis of uterine rupture was assessed by 
review of 76 cases of uterine rupture, 39 of which were monitored with an intrauterine pressure catheter. 
The classic description of a loss of intrauterine pressure or cessation of labor was not observed in any of 
the patients. However, an increase in baseline intrauterine pressure was observed in four patients with an 
intrauterine pressure catheter. The increase in pressure was associated with severe variable decelerations 
such that by itself the intrauterine pressure catheter added little to the diagnosis of uterine rupture. (Am J 


OBsTET GYNECOL 1989;161:666-9.) 


Key words: Uterine rupture, intrauterine pressure catheter 


The intrauterine pressure catheter has the advantage 
of providing the clinician with quantitative measure- 
ments of uterine resting tone as well as the duration 
and intensity of contractions.’ Because loss of intra- 
uterine pressure and cessation of labor are thought to 
be classic signs of uterine rupture,’ it has been taught 
that an intrauterine pressure catheter would be helpful 
in making the diagnosis. As a consequence of this and 
the fear of possible uterine rupture in patients who 
undergo a trial of labor after a prior cesarean section, 
it has become common practice in many institutions to 
monitor these patients with an intrauterine pressure 
catheter. 


From the Department of Obstetrics and Gynecology, University of 
Southern California School of Medicine, Los Angeles County— 
University of Southern California Medical Center. 

Presented at the Ninth Annual Meeting of the Society of Perinatal 
Obstetricians, New Orleans, Louisiana, February 2-4, 1989. 

Reprint requests: M. Hellen Rodriguez, MD, San Gabriel Valley 
Perinatal Medical Group, 1135 S. Sunset Ave., Suite 402, 
West Covina, CA 91793. 

6/6/13715 


666 


Uterine rupture has been extensively reviewed by 
several authors.>* However, review of the literature 
shows there is a scarcity of data that support or disclaim 
the use of the intrauterine pressure catheter in patients 
at risk of rupture. In this article the value of the intra- 
uterine pressure catheter in making the diagnosis of 
uterine rupture is assessed. 


Material and methods 


This is a retrospective study that consisted of chart 
and monitor strip review of all cases of uterine rupture 
at the Los Angeles County—University of Southern Cal- 
ifornia Women’s Hospital between June 1979 and April 
1988. The definition that was used for uterine rupture 
was that of Plauche et al., “cases of complete separation 
of the wall of the pregnant uterus with or without ex- 
pulsion of the fetus, which endangered the life of the 
mother and/or fetus. Asymptomatic uterine scar de- 
hiscences were excluded.”* 

‘The patients in the study were divided into three 
groups on the basis of the type of uterine monitoring 
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Table I. Maternal characteristics of each study group 
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Group A (n = 8): 
No uterine monitor 





Maternal age (yr) 31.3 + 7.1* 
Parity 
0 1:8 (13%) 
l 1:8 (13%) 
2 1:8 (13%) 
3 1:8 (13%) 
24 4:8 (50%) 
Gestational age (wk) 35.8 + 4.8* 
Previous cesarean section 4:8 (50%) 
Use of oxytocin 0:8 (0%) 
Use of epidural anesthetic 0:8 (0%) 


IUPC, Intrauterine pressure catheter. 
*Values are mean + SD. 


Group B Group C 
(n = 29): (n = 39): 
External tocometer IUPC 

28.5 + 7.2% 29.9 + 6.2* 
1:29 (3%) 0:39 (0%) 
8:29 (28%) 18:39 (46%) 
9:29 (31%) 13:39 (33%) 
4:29 (14%) 3:39 (8%) 
7:29 (24%) 5:39 (13%) 
38.3 + 2.6* 39.8 + 2.0* 


32:39 (82%) 
25:39 (64%) 
10:39 (25%) 


6:29 (21%)t 
4:29 (14%) 


{Statistically significant difference when compared with group C, p < 0.05. 


Table II. Diagnostic signs and symptoms of uterine rupture 





No sign or symptom 1:8 (13%) 
Fetal death 3:8 (38%)*t 
Pain 5:8 (63%)*+ 
Hemorrhage 1:8 (13%) 
Fetal distress 4:8 (50%) 
Decreased baseline uterine pressure NA 
Loss of uterine contraction NA 
Recession of presenting part NA 


TUPC, Intrauterine pressure catheter. 
NA, Not applicable. 







Group A (n = 8): 
No uterine monitor 










Group B 
(n = 29): 
External tocometer 


Group C 
(n = 39): 
TUPC 






0:29 (0%) 2:39 (5%) 
1:29 (3%) 1:39 (3%) 
4:29 (14%) 5:39 (13%) 
5:29 (17%) 7:39 (18%) 
23:29 (79%) 32:39 (82%) 
NA 0:39 (0%) 
0:29 (0%) 0:39 (0%) 
2:29 (7%) 2:39 (5%) 


*Statistically significant difference when compared with group B, p < 0.05. 
Statistically significant difference when compared with group C, p < 0.05. 


they received. Group A did not have uterine monitor- 
ing; these patients went to surgery within 30 minutes 
of entering the hospital because of fetal or maternal 
compromise. Patients in group B were monitored with 
an external tocodynamometer and patients in group C 
were monitored with a standard open-ended intra- 
uterine pressure catheter. The three groups were com- 
pared in terms of fetal and maternal outcome as well 
as diagnostic signs and symptoms of uterine rupture 
with x? analysis (or Fisher’s exact test for total 2 x 2 
table frequencies <40), one-way analysis of variance, 
or the Kruskal-Wallis rank test depending on the scale 
of measurement. After an overall significant result was 
achieved, pairwise comparisons were conducted with 
appropriate multiple comparison procedures with 
a = 0,05. 


Results : 

During the study period there were 138,853 deliv- 
eries at Women’s Hospital. A total of 84 patients (one 
case per 1653 deliveries) met the definition for uterine 
rupture. There were 8 patients who were not included 
in the study because of failure to obtain the complete 


charts with the monitor strip. Of the 76 patients in- 
cluded in the study, eight patients went directly to sur- 
gery (group A), 29 patients had external tocodyna- 
mometry only (group B), and 39 had an intrauterine 


pressure catheter (group C). 

Table I presents the maternal characteristics of each 
group. There is no statistically significant difference 
between groups with respect to admission character- 
istics. As expected, no patients in group A received 
oxytocin or epidural anesthetics because they went im- 
mediately to surgery. The number of patients who re- 
ceived oxytocin is significantly higher in group C than 
that of group B. This is a consequence of our protocol, 
which strongly encourages the use of an intrauterine 
pressure catheter in patients who receive oxytocin. The 
use of epidural anesthetics or the history of a prior 
cesarean section was not statistically different between 
the groups. 

Table II presents the signs and symptoms that led to 
the suspicion of uterine rupture. In three patients there 
was no suspicion of rupture and the diagnosis was made 
at the time of cesarean section for other indications. 
One patient in group A who underwent an elective 
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', Fig. 1. Monitor tracing demonstrates fetal heart'rate decelerations, increase in uterine tone, and 
continuation of uterine contractions in patient with uterine rupture monitored swith intrauterine 


pressure catheter. 


Table III. Maternal and fetal outcome 











Intrauterine or neonatal death 
1-minute Apgar score} 


3:8 (38%)*,t 


j- 5:8 (63%) 
46 2:8 (25%) 
-27 1:8 (13%) 
5-minute Apgar scoret se. ae lee 
0-3 Sutin, 3:8 (38%) 
4-6 i: . 3:8-(38%) , 
27 “a+ 928 (25%) 
Birth weight (gm) ' 3000 + 9178 
Estimate blood loss, (ml), 2887 + 1281*,4,8 
- Hysterectomy 3:8 (38%) 
- Maternal death ‘1:8 (13%) 


` 


IUPC, Intrauterine pressure catheter. ` 


Group A (n= 8): 
No uterine monitor 







| Group B 
(n = 29): | 
External tocometer 


2129 8%)” 


` (n= 39): 





2:39 (5%) 
6:29 (21%) > 9:39 (23%) 
5:29 (17%) < . 9:39 (23%) 
18:29 (62%) . 21:39 (54%) 
© 2:29 (7%) ~ 4:39 (10%) 
4:29 (14%) 2:39 (5%) 
: 23:29 (79%). 33:39 (85%) ` 
© +3139 + 6217$. 3526 + 543$ 
1416 + 995§ .. 1752 + 921$ 
_ 7:29 (24%) 5 10:39 (25%) ` 
0:29 (0%) >.. 1:39 (3%) 


. *Statistically significant difference when compared with group B,p.< T 08: 
{Statistically significant difference when compared with group C, p < 0: 05." . 
{Statistically significant difference when. ‘group A is. a with either group Bor ©, o <0. 05. 


Values are mean + SD. 


repeat cesarean section because of a previous classical 
uterine incision was found to have a prolapsed fetal 
arm through a rupture of the prior incision, Two pa- 
tients in group C met criteria for’ failure to progress 
and at the, time of. cesarean section were incidentally 
found to have ruptured uteri. The most common sign 
or symptom to uterine, rupture: in all groups was fetal 
distress that preceded pain and hemorrhage. None of 
the patients including those with an intrauterine pres- 
sure catheter, demonstrated a loss of uterine tone or 
` cessation, of labor. It is of interest that four patients: 
. with, an intrauterine pressure catheter. demonstrated 
an increase in baseline uterine tone ( Fig. 1) from. an. 
average of 15 to 35 mm Hg at the time of diagriosis. 
Table III presents the maternal and fetal outcomes 
in each òf the groups. The mortality and morbidity J for 
both the infant and the mother are higher in group A 
and are not significantly different between groups B 


and C. Therefore the use of the external tocedyna- 


mometer versus the intrauterine pressure catheter did. 


not APPEAR to affect the neonatal or maternal outcomes. 


Comment 


‘Loss of uterine tone and cessation of labor have been 
thought to be classic signs i in making the diagnosis of 


"uterine rupture. Because the intrauterine pressure 


catheter provides. the clinician with quantitative mea- 
surements of uterine activity, its use has been advocated 
in patients who are at increased risk of uterine rupture 
such. as patients who undergo a trial of labor after a 
previous cesarean section. 

In this study we reviewed diagnostic signs and symp- 
toms of uterine rupture in 76 cases. None of the pa- 
tients with or without an intrauterine pressure catheter 
had a decrease in uterine resting tone or cessation of 


- labor. It is noteworthy.that four of 39 patients (10%) 
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with an intrauterine pressure catheter showed an in- 
crease of uterine baseline tone, Whether this increase 
in tone caused or resulted from the uterine rupture 
remains unanswered. In all four cases the increase in 
tone was accompanied by severe variable decelerations 
that led to immediate cesarean delivery. Therefore the 
information obtained by the intrauterine pressure cath- 
eter was not helpful in making the diagnosis of uterine 
rupture in any of the patients in our study. ` 

In conclusion: 

1. The classic description of a decrease in uterine 
tone or the cessation of labor at the time of uterine 
rupture was not observed. l 

2, There is no difference in fetal or maternal mor- 
bidity or mortality when an intrauterine pressure cath- 
eter is used versus an external tocodynamometer in 
patients with uterine rupture. 

3. Fetal distress occurred in 78% of cases and was 
the most common finding in uterine rupture. 


Correction 

In the article by Salvador and Koos, “Effects of reg- 
ular and decaffeinated coffee on fetal breathing and 
heart rate” (AM J OBSTET GYNECOL 1989;160:1043-7), 
Fig. 1 on page 1044 was incorrect as published. The 
correct illustration is shown here. 
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4. The usefulness of the intrauterine pressure cath- 
eter in making the diagnosis of uterine rupture is not 
supported by this study. 
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Fig. 1. Serum caffeine and glucose concentrations with regular 
(—) or decaffeinated (——) coffee. Shaded vertical bar rep- 
resents mean time of coffee consumption. “p < 0.05. 


The effect of continuous epidural analgesia on cesarean section 
for dystocia in nulliparous women 


James A. Thorp, MD," Valerie M. Parisi, MD, MPH,’ Peter C. Boylan, MB, and 
Dennis A. Johnston, PhD* 


Houston, Texas , 1 


Epidural analgesia in labor is generally accepted as safe and effective and therefore has become 
increasingly popular. However, little is known regarding the effect of epidural analgesia on the incidence of 
cesarean section for dystocia in nulliparous women. During the first 6 months of 1987 we studied 711 
consecutive nulliparous women at term, with cephalic fetal presentations and spontaneous onset of labor. 
Comparison of 447 patients who received epidural analgesia in labor with 264 patients who received either 
narcotics or no analgesia was performed. The incidence of cesarean section for dystocia was significantly 
greater (p < 0.005) in the epidural group (10.3%) than in the nonepidural group (3.8%). There remained a 


significantly increased incidence (p < 0.005) of cesarean section for dystocia in the epidural group after 
selection bias was corrected and the following confounding variables were controlled by multivariate 
analysis: maternal age, race, gestational age, cervical dilatation ‘on admission, use of oxytocin, duration of 
oxytocin use, maximum infusion rate of oxytocin, duration. of labor, presence of meconium, and birth 
weight. Thè incidence of cesarean section for fetal distress was similar {p > 0.20) in both groups. There 
were no Clinically significant differences in frequency of low Apgar scores at 5 minutes or cord arterial and 
venous blood gas parameters between the two groups. This study suggests that epidural analgesia’in 
labor may increase the incidence of cesarean section for dystocia in nulliparous women. (Am J OBSTET 


GYNECOL 1989;161:670- -5.) 


Key words: Epidural, labor, cesarean section, dystocia, nullipara 


The rising cesarean section rate, from 5% to 25% 
over the past 25 years, has resulted in major cost in- 
creases and higher maternal morbidity and mortality 
without proved benefit to the mother or newborn, One 
of the major factors in the cesarean “epidemic” is the 
rise in the incidence of cesarean section for dystocia in 
nulliparous women. Vaginal delivery after cesarean 
birth is performed in only a small minority of cases 
nationwide, and therefore the rise in cesarean section 
for dystocia in nulliparous women is responsible for a 
rise in repeat cesarean section in multiparous women. 
Thus cesarean section for dystocia in nulliparous 
women represents the single most important factor in 
the cesarean “epidemic.” 

The use of epidural labor analgesia also has increased 
dramatically over recent years, and the effect of epi- 
dural analgesia on the incidence of cesarean section is 
controversial. In the large body of literature concerning 
epidural analgesia in labor, there are suprisingly few 
controlled studies that address the effects of epidural 
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analgesia on cesarean section rates.™ One controlled, 
retrospective study demonstrated an increased inci- 
dence of cesarean section associated with epidural an- 
algesia in labor.' To our knowledge, there are no con- 
trolled studies that specifically examine the effect of 
epidural analgesia on the incidence of cesarean section 
for dystocia in nulliparous women. Studying an exclu- 
sively nulliparous population is important since nullip- 
arous women, in contrast to mutigravid ones, are es- 
pecially predisposed to dystocia.*° The purpose of this 
study is to assess the effects of epidural analgesia in 
labor on the incidence of cesarean section for dystocia 
in nulliparous women. 


Material and methods 


In the first 6 months of 1987, 711 consecutive nul- 
liparous women with cephalic fetal presentations and 
singleton gestations were managed according to the 
principles of active management of labor.’ Labor was 
diagnosed by regular, painful uterine contractions and 
cervical effacement and usually was accompanied by 
either bloody ‘show or rupture of the membranes. Pa- 
tients presenting with fetal distress were not included 
in this study. After the diagnosis of labor was estab- 
lished, amniotomy was performed. If 2 cm of cervical 
dilatation did not occur within 2 hours of amniotomy, 
oxytocin augmentation was initiated. Oxytocin was ad- 
ministered by controlled intravenous infusion (model 
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960, IMED Corp., San Diego) of 20 units diluted in 
1 L of lactated Ringer’s solution. Infusion was begun 
at 4 mU/min, was increased by 4 mU/min every 15 
minutes, and did not exceed a maximum dose of 
36 mU/min. If uterine activity exceeded a frequency 
of seven. contractions in 15 minutes, the oxytocin in- 
fusion rate was not increased. 

Patients were offered either narcotic agents or epi- 
dural analgesia if they requested assistance with pain 
relief during labor. Epidural analgesia was provided by 
an obstetric anesthesia department, with 24-hour in- 
house staffing. Each patient received an intravenous 
bolus infusion of 1000 ml of lactated Ringer’s solution 
before induction of epidural analgesia. When the cervix 
was dilated to at least 3 cm, the patient was placed in 
the lateral decubitus or sitting position and an epidural 
catheter was placed via the L2-3 or L3-4 interspace and 
advanced 2 to 3 cm cephalad. Epidural analgesia was 
not routinely administered at 3 cm of cervical dilatation 
but was administered thereafter, on request by the pa- 
tient. Initial bolus injection of bupivacaine 0.25% was 
thén followed by a continuous infusion of 6 to 12 
ml/hr of a 0.125% solution. Epidural infusions were 
adjusted to maintain a dermatomal level of T10-12. 
Continuous epidural infusion was continued in the sec- 
ond stage of labor as long as the patient achieved prog- 
ress. Continuous electronic fetal monitoring was per- 
formed in all patients. Ar terial and venous umbilical 
cord blood samples were obtained immediately after 
delivery and placed on ice. The samples for cord blood 
gas measurement were obtained by preheparinized 3 
ml syringes (Marquest Medical products, Englewood, 
Colo.) to obtain a consistent concentration and’ prep- 
aration of heparin. ` 

The following factors were compared i in the epidural 
and nonepidural groups by means of x? analysis or 
Student’s ¢ test as appropriate: maternal age, race, ges- 
tational age, cervical dilatation on admission, duration 
of labor, number of patients requiring oxytocin aug- 
mentation, duration of oxytocin use, maximum dose of 
oxytocin required, type of delivery, birth weight, fre- 
quency of 5-minute Apgar scores <7, and frequency 
of low umbilical cord pH values. The incidences of 
cesarean section for dystocia and for fetal distress were 
compared by x’ analysis by the Yates correction when 
appropriate. One-way analysis of variance and Scheffé 
test for groups with significant differences were used 
to compare the birth weights in the following four an- 
algesia subgroups: those having no analgesia in labor, 
those having narcotic analgesia only, those having epi- 
dural analgesia only, and finally those having both epi- 
dural and narcotic analgesia. 

For the purpose of definition in this study, cesarean 
sections for dystocia included those performed for ar- 
rest of the active phase in the first stage of labor, arrest 
of descent in the second stage of labor, i.e., fetus in 
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persistent occipitoposterior position, minor deflexion 
or asynclitism, and cephalopelvic disproportion. Mul- 
tivariate analysis was then performed with the linear 
logistic regression analysis technique,’ and the follow- 
ing factors were controlled: maternal age, race, gesta- 
tional age, cervical dilatation on admission, use of oxy- 
tocin, duration of oxytocin use, maximum infusion rate 
of oxytocin, total duration of labor, presence of me- 
conium, and birth weight. There were six patients who 
received epidural analgesia after an established abnor- 
mal rate of dilatation (<1 cm/hr) and subsequently 
underwent cesarean section for dystocia. To address 
the selection bias even further, these six patients were 
deleted from the epidural group, and the incidence of 
cesarean section for dystocia was again compared in the 
epidural and nonepidural groups, both by x? analysis 
and by multivariate analysis as described above. Data 
base and statistical analysis was assisted by computer 
software (Symphony, Lotus Development Corp., Cam- 
bridge, Mass.; Abstat, Anderson-Bell, Parker, Colo.; 
SPSS, SPSS Inc., Chicago). 


Results 


Of the 711 consecutive nulliparous women at term 
with spontaneous onset of labor, 142 (20%) received no 
analgesia in labor, 122 (17%) received narcotic anal- 
gesia only, 378 (53%) received epidural analgesia only, 
and 69 (10%) received epidural and narcotic analgesia. 
The epidural group consisted of 447 patients receiving 
only epidural or epidural combined with narcotic an- 
algesia, and the nonepidural group consisted of 264 
patients having either no analgesia or narcotic anal- 
gesia.. The epidural and nonepidural groups are com- 
pared in Table I. Patients in the nonepidural and epi- 
dural groups had similar ages, gestational weeks, and 
racial background (45% black, 36% white, and 14% 
Hispanic). 

Oxytocin augmentation was used in 397 (55.8%) of 
the 711 patients in this study. There was a significantly 
greater frequency (p < 0.05) of oxytocin augmentation 
in the epidural group (73%) than in the nonepidural 
group (27%). The duration of oxytocin use, maximum 
oxytocin dose, duration of labor, and birth weights were 
significantly greater (p < 0.005) in the epidural group 
than in the nonepidural group. Cesarean section for 
fetal distress occurred with similar frequency (p > 0.20) 
in both groups. The incidence of cesarean section for 
dystocia in the epidural group (10.3%) was significantly 
greater (p < 0.005) than that in the nonepidural group 
(3.8%). When macrosomic infants (=4000 gm) were 
removed from the nonepidural and epidural groups, 
there remained a significant increase in incidence of 
cesarean section for dystocia in the nonepidural group 
(8 of 253 [3.2%] vs. 36 of 402 [9.0%], p < 0.002). 

Multivariate analysis, controlling for the 10 factors 
listed above, demonstrated a significant increase in in- 
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Table I. Comparison of nonepidural and epidural grouips 
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Maternal age (yr) 23.1 + 5.4 
Gestation (wk) 39.5 + 1.2 
Cervical dilatation on admis- 4.8 + 2.6 
sion (cm) 
Oxytocin augmentation 71 (27%) 
Duration of oxytocin (hr) 3:1 + 1.7 
Maximum oxytocin (mU/min) 14.2 + 84 
Birth weight (gm) 3255 + 456 
Total duration of labor (hr) 4.7 + 2.8 
Cesarean section for fetal dis- 5 (1.9%) 
tress 
Cesarean section for dystocia 10 (3.8%) 
10 (3.8%) 
5 min Apgar score < 7 5 (1.9%) 


Cord arterial pH 
Cord venous pH 
Cord arterial pH = 7.15 
Cord venous pH = 7.25 


Nonepidural group 





7.24 + 0.07 (n = 283) 
7.32 + 0.06 (n = 242) 
17/233 (7.3%). 
28/242 (11.6%) 


Epidural group . 





p Value* 





23.8 + 5.4 NS 
39.7 + 12 NS 
3.0 + 14 <0.05 
326 (73%) <0.05 
5.0 + 3.0 <0.05 
17.9 + 9.6 <0.05 
3400 + 466 <0.05 
8.6 + 3.1 <0.05 
9 (2.0%) NS 

46 (10.3%) <0.05+ 

40 (9.1%) <0.05+ 
2 (0.4%) NS 
7.24 + 0.07 (n = 414) NS 
7.32 + 0.06 (n = 431) NS 
39/414 (9.4%) NS 


39/431 (9.0%) NS 





Values represent a proportion or mean + SD. 


*Represents p value by Student’s ¢, x’, or Fisher’s exact test, as approptiaië; and NS represents p< “0, 10. 


tp Value by linear logistic regression technique controlling for possible confounding variables. In the second comparison (3.8% 
vs. 9.1%) six patients were excluded because epidural aaa was given after an abnormal labor pattern was established. 


cidence (p < 0.005) of cesarean section for dystocia in 
the epidural group when compared with the nonepi- 
dural group. Six cases of cesarean section for dystocia 
were removed from the epidural group as the epidural 
anesthetic was placed during or after abnormal la- 
bor occurred. There remained a significant increase 
(p < 0.005) in incidence of cesarean section for dystocia 
in the epidural group (9.1%) when compared with the 
nonepidural group (3.8%) by multivariate analysis con- 
trolling the same factors. 

Meconium-stained amniotic fluid during labor oc- 
curred in similar frequency (p > 0.20) in the nonepi- 
dural (20%) and epidural (23%) groups. The cord ar- 
terial pH value (mean + SD) in the nonepidural group 
(7.24 + 0.07; n = 232) was similar to that of the epi- 
dural group (7.24 + 0.07; n = 414). Likewise, the cord 
venous pH value (mean + SD) in the nonepidural 
group (7.32 + 0.06; n = 241) was similar to that of the 
epidural group (7.32 + 0.06; n = 431). All of the other 
cord arterial and venous blood gas parameters includ- 
ing PCO», POs, bicarbonate, and base deficit were also 
similar in both the nonepidural and epidural groups. 
Both the nonepidural and epidural groups had similar 
proportions of 5-minute Apgar scores <7, cord arterial 
pH values <7.15, and cord venous pH values $7.25 
(Table I). . 

These four analgesia subgroups were studied sepa- 
rately: patients having no analgesia, patients having 
narcotic analgesia, patients having epidural analgesia, 
and finally patients having both epidural and narcotic 
analgesia (Table II). Comparison of the birth weights 
in the four analgesia subgroups by analysis of variance 


resulted in an F test of 5.80 (p = 0.0006). Scheffé test 
demonstrated a significant difference between patients 
receiving narcotics only and those with epidural anal- 
gesia only (p = 0.02) and between those receiving nar- 
cotics only and those receiving epidural analgesia and 
narcotics (p = 0.03). There was no significant differ- 
ence in birth weight between those patients receiving 
no analgesia versus those receiving only epidural an- 
algesia, yet there was a significant increase in cesarean 
section for dystocia in the latter group (3.5% vs. 10.3%, 
p < 0.01). The incidence of cesarean section for dys- 
tocia in the various subgroups with and without ma- 
crosomic newborns (24000 gm) is depicted in Ta- 
ble II. 


Comment l 

The incidence of cesarean section for dystocia in the 
epidural group was significantly greater than that in 
the nonepidural group, despite correction for selection 
bias and controlling for confounding variables by mul- 
tivariate analysis. This study suggests that epidural an- 
algesia in labor may increase the risk of cesarean section 
for dystocia i iri nulliparous women. This finding is es- 
pecially significant in our institution since oxytocin. is 
used aggressively i ina large proportion of our nullip- 
arous womeri (55.8% in this study) according to the 
principles of active management of labor.* Active man- 
agement of labor was introduced to our institution in 
1985 and significantly (p < 0.05) reduced the total ce- 
sarean section rate from 25% to 20%, without altering 
major perinatal outcome variables.° This decrease in 
the total cesarean section rate was entirely due to the 
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Table II. Comparison of the analgesia subgroups 
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No 
analgesia 


3.5% (5/142) 
3.0% (4/135) 


Cesarean section for dystocia* 
Cesarean section for dystocia,} 
birth weight < 4000 gm 


Birth weight} (gm) 3272 + 450 


Narcotic 
analgesia 


4.1% (5/122) 
2.6% (3/117) 


3237 + 464 


Epidural 
analgesia 


Epidural and 
narcotic analgesia 


10.3% (39/378) 
9.4% (32/342) 


10.1% £7/69) 
6.7% ‘4/60) 


3392 + 465 3448 + 472 





All values are expressed as proportions or mean + SD. 


*A x? analysis demonstrates a significant difference between the following subgroups: no analgesia versus epidural; no analgesia 
versus epidural and narcotic; narcotic versus epidural; narcotic versus epidural and narcotic (p < 0.05). 


+A x? analysis demonstrates a significant difference between the following subgroups: no analgesia versus epidural narcotic 


versus epidural (p < 0.05). 


Analysis of variance and Scheffé test show a significant difference in birth weight between the following subgroups: narcotic 
versus epidural (p = 0.03); narcotic versus epidural and narcotic (p = 0.02). No difference in birth weight was noted between 
the no analgesia versus the epidural subgroups, yet there was significant increase in cesarean section for dystocia between these 


subgroups (p < 0.01). 


decrease in incidence of cesarean section for dystocia 
in nulliparous women from 15% to 10% (p < 0.05), 
However, the implementation of active management of 
labor in our institution was only partially successful, as 
it did not decrease the incidence of cesarean section to 
the 5% range as it has remained at the National Ma- 
ternity Hospital in Dublin.’ There have been many pos- 
sible explanations for our “partial success.” One ar- 
gument considers the fact that the Dublin population 
remains essentially homogeneous, in contrast to our 
multiracial population. However, Turner et al.’ in En- 
gland have recently introduced active management of 
labor in a multiracial population and achieved cesarean 
section rates approaching those in Dublin.’ Another 
argument suggests that lack of adherence to the strict 
principles of active management of labor may be re- 
sponsible for the “partial success” in Houston. How- 
ever, Akoury et al.’ also achieved cesarean section rates 
approaching those in Dublin, without the benefit of an 
“experienced Irish hand,” such as we had in Houston 
(P. C. B.). Approximately 63% of our parturient women 
received epidural analgesic for labor, in contrast to only 
5% in Dublin,’ 25% in the study of Akoury et al.,° and 


31% in the study of Turner et al.” These observations ' 


are consistent with the findings of this study; i.e., epi- 
dural analgesia in labor may increase the incidence of 
cesarean section for dystocia. 

There are many mechanisms by which epidural an- 
algesia could increase the incidence of cesarean section 
for dystocia. A decrease in uterine activity'® | without 
appropriate intervention with oxytocin could result in 
more cesarean sections for dystocia. The allegation that 
oxytocin causes birth asphyxia and other adverse peri- 
natal outcomes is one of the more common medicolegal 
claims in obstetrics in the United States. Therefore, 
despite recent data demonstrating the safety of oxy- 
tocin,” it is often inappropriately withheld because of 
medicolegal concerns. Relaxation of the pelvic dia- 


phragm could predispose fetuses in a cephalic presen- 
tation to minor malpresentations such as occipitopos- 
terior, deflexion, and asynclitism.'® ' In addition, epi- 
dural analgesia could decrease the maternal stimulus 
and ability to push during the second stage.'* '* Several 
studies’ have associated epidural analgesia with in- 
creased rates of instrument-assisted vaginal delivery. In 
the current medicolegal climaie, the obstetrician is less 
likely to intervene with forceps, and therefore an in- 
creased incidence of cesarean section for dystocia could 
result. 

The popular belief that epidural analgesia does not 
increase the incidence of cesarean section is not clearly 
established in the literature. In fact, Diro and Beydoun' 
found that epidural analgesia was associated with an 
increased incidence of cesarean section. In their study 
the authors’ retrospectively compared 43 parturient 
women of mixed parity receiving epidural analgesia 
with 43 matched control women and found a significant 
increase in the incidence of cesarean section for dys- 
tocia in the epidural group. One retrospective analysis? 
suggested that epidural analgesia has no effect on the 
incidence of cesarean section during a 10-year interval 
in which the incidence of epidural use rose from 0% 
to 40%. However, it is not clear how this conclusion 
was made since the incidence of cesarean section rose 
from 6.48% to 11.03% during the same time period. 
McNeill and Wilson" noted no increase in total cesar- 
ean section rate in 500 consecutive patients receiving 
epidural analgesia in labor when compared with the 
total obstetric population. However, their study’® did 
not assess the incidence of cesarean section for dystocia 
and did not investigate an exclusively nulliparous pop- 


. ulation. Several observational studies reported cesarean 


section rates in large series of patients with epidural 
analgesia; however, no comparisons with control 
groups were made.'”?? In a controlled study Studd 
et al.” found no effect of epidural analgesia on the 
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incidence of emergency cesarean section for fetal dis- 
tress; however, they did not report the incidence of 
cesarean section for dystocia. Our results are consistent 
with these findings, demonstrating no effect of epidural 
analgesia on the incidence of cesarean section for fetal 
distress. 

More recently, two randomized, double-blind, 
placebo-controlled studies** suggested that epidural 
analgesia, via continuous infusion after 8 cm of dila- 
tation and throughout the second stage, did not in- 
crease the incidence of cesarean section. However, both 
experimental and control groups received epidural an- 
esthetic up.to 8 cm of cervical dilatation and then were 
randomized to continuous infusion of placebo or local 
anesthetic agent. Therefore these studies** assessed the 
effect of continuous-infusion epidural anesthesia in late 
labor, not the effect of standard epidural analgesia be- 
gun early in active labor. To our knowledge, the present 
study is the only controlled study specifically analyzing 
the effect of epidural analgesia on the incidence of 
cesarean section for dystocia in nulliparous women in 
labor. If epidural analgesia increases cesarean sections 
for dystocia in our institution, where active manage- 
ment of labor policies dictate an early aggressive treat- 
ment of dysfunctional labor, a much more profound 
effect would be anticipated in other hospitals. 

We recognize potential criticisms of our study, the 
most significant of which is the selection bias in com- 
paring the nonepidural group with the epidural group. 
Clearly, some patients who do not initially request epi- 
dural analgesia will begin to labor abnormally and then 
will either request or be advised to have epidural an- 
algesia. As Table I suggests, the nonepidural and epi- 
dural groups are different, as evidenced by the some- 
what larger birth weights and lesser cervical dilatation 
on admission in the epidural group..We attempted to 
address this concern by eliminating from the study all 
of the patients who had cesarean section for dystocia 
in the epidural group who received epidural an- 
algesia after abnormal labor was established. Further- 
more, we controlled for the significant confounding 
variables by multivariate analysis. This method of anal- 
ysis would tend to nullify the difference in cesarean 
section rates for dystocia between the epidural and 
nonepidural groups if the cause was related to the con- 
founding variables analyzed. However, there remained 
a significant difference between the two groups. 

One could attempt to explain the difference in ce- 
sarean sections for dystocia in the nonepidural and epi- 
dural groups by the slightly larger birth weights and 
higher risk status of the patients in the epidural group. 
However, analysis of variance and Scheffé test dem- 
onstrated no difference in birth weights between those 
patients having no analgesia and those having only epi- 
dural analgesia, yet there was a significant increase in 
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cesarean section for dystocia when these subgroups 
were compared (Table II), When all the macrosomic 
newborns were deleted, there also remained significant 
increases in cesarean section for dystocia in the epidural 
group. Finally, the outcome data do not support the 
contention that the epidural group was a significantly 
higher risk group. Both groups had similar frequencies 
of cesarean section for fetal distress, similar cord ar- 
terial and venous pH values, and similar proportions 
of low 5-minute Apgar scores and low cord pH values 
(Table I). 

For the reasons listed above, we do not think that the 
discrepancy in cesarean sections for dystocia between 
the groups (Table I) or subgroups (Table II) can be 
fully explained by selection bias. Unless patients are 
randomly assigned to a nonepidural group before la- 
bor, an ideal control group would be impossible to 
achieve. Ethical considerations and patient drop out 
will be problems with randomly allocating patients to 
a nonepidural group before labor. Therefore pro- 
spective studies are not the final solution and, unless 
patients are randomized before the onset of labor, there 
will also be problems with selection bias. Further study 
of nulliparous women at term with spontaneous onset 
of labor, controlling for labor abnormalities and time 
of epidural placement, is necessary to confirm our find- 
ings and prove a cause-effect relationship. If a cause- 
effect relationship is established, further study to as- 
certain subgroups of nulliparous women who are at 
high risk of developing dystocia with epidural analgesia 
would be clinically useful. 


We thank Mr. Kenneth E. Thorp, Sr., for assistance 
with the data base, and the Obstetrical Anesthesia De- 
partment at the University of Texas Medical School— 
Houston/Hermann Hospital for providing their ex- 
cellent services. 
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Can platelet volume predict progressive hypertensive disease 


in pregnancy? 


James J. Walker, MB, ChB, Alan D. Cameron, MB, ChB,’ Steingrimur Bjornsson, MD, 
Charles R. J. Singer, MB, ChB,’ and Carol Fraser, FMILS” 


Glasgow, Scotland 


increase in platelet size has been found in conditions with increased platelet destruction and use. This 
increase in platelet size can be found in patients with moderate or severe hypertension in pregnancy, even 
in the presence of a normal platelet count. The goal of this study was to investigate whether an increase in 
platelet size was present before the manifestation of the disease and therefore could be used to predict the 
progression of the disease before it is clinically apparent. Three hundred normal primigravid pregnancies 
were studied between 28 and 30 weeks’ gestation, and blood was taken to assess platelet count and mean 
platelet volume. Two hundred sixteen patients had no hypertensive problems during their pregnancy, 84 
developed hypertension, 62 had mild hypertension only with diastolic blood pressures between 90 and 99 
mm Hg, 13 had moderate hypertension with diastolic blood pressures between 100 and 109, and nine had 
severe hypertension with diastolic blood pressure above 110. No difference was found between these 
groups in the parameters measured. Therefore it was felt that platelet volume may not be a useful screening 
test in a low-risk population. A second study was carried out to investigate the serial changes in these 
parameters in patients at risk of progressive disease. Thirty-four patients with essential hypertension were 
followed from 24 weeks with serial blood sampling to study changes in platelet size. An additional 40 
patients with mild pregnancy-induced hypertension were also studied. From these patient groups, 20 
patients developed severe hypertension. The mean platelet volume increased significantly at least 1 week 
before the hypertension became clinically apparent. There was no change in platelet count at this time. It is 
concluded that increasing platelet size can predict which patients are likely to progress to severe disease 
before it becomes clinically obvious. (AM J OssTeT GYNECOL 1989;161:676-9.) 
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In pregnancy-induced hypertension and preeclamp- 
sia, studies have shown changes in platelet numbers, 
platelet survival, and mean platelet volume, which have 
been interpreted as evidence of increased platelet con- 
sumption.’ Some studies have suggested that platelet 
count falls early in the disease and precede hyperten- 
sive renal changes, suggesting that platelet consump- 
tion plays an active role in the pathophysiology of this 
disorder.’ We have previously shown that an increase 
in platelet size was found in patients with moderate or 
severe hypertension in pregnancy, even in the presence 
of a normal platelet count.’ Increased mean platelet 
volume is further evidence of increased platelet turn- 
over in patients with preeclampsia. However, since a 
decrease in platelet count is not inevitable even at the 
onset of an eclamptic episode,® it may be possible to 
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show increasing platelet consumption in these patients 
by demonstrating an increase in platelet size, even 
though platelet count remains within the normal range. 
Also, since Redman et al.’ suggest that the fall in platelet 
count occurs before the rise in serum urate, a change 
in mean platelet volume occurring before a fall in plate- 
let count may predict the progression of preeclampsia 
before it is clinically apparent. 


Methods 


Patients. This study was conducted in two parts. In 
the first part 300 ‘normotensive primigravid patients 
were studied between 28 and 30 weeks of gestation. 
Blood was taken to assess hematocrit level, platelet 
count, and mean platelet volume. The results obtained 
from these patients were compared with the outcome 
of their pregnancies. In the second part 34 patients 
with essential hypertension were followed from 24 
weeks. A diagnosis of essential hypertension had been 
made in these patients either before pregnancy or be- 
fore 20 weeks’ gestation in this pregnancy. The group 
was made up of 26 parous women and eight primi- 
gravidas. No patient received any antihypertensive 
therapy. An additional 40 primigravid patients whe had 
mild pregnancy-induced hypertension at between 28 
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Table I. Outcome of pregnancies in 300 primigravid patients screened at 28 to 30 weeks (value + SD) 








Outcome No. % Het MPV PIGt 
All 300 100 35.5 + 2.1 8.5 + 0.5 268 + 35.8 
Normal 216 70 35.5 + 2.0 8.6 + 0.5 277 + 35.7 
Mild PIH 62 21 35.6 + 2.1 8.7 + 0.9 270 + 58.9 
Moderate PIH 13 7 35.9 + 3.4 8.7 + 14 270 + 51.0 
Severe 9 3 34.5 + 2.8 8.8 + 1.5 246 + 79.1 





Hct, Hematocrit; MPV, mean platelet volume; PICt, platelet count; PIH, pregnancy-induced hypertension. 


Table II. Outcome of 34 patients with essential hypertension sampled serially and changes in mean 
platelet volume; total numbers for each group are reduced as gestation increases as patients are delivered 





Outcome No. 24 wk 28 wh 32 wh | 36 wk Significance (1)* 
Stable 20 8.5 + 1.2 8.6 + 1.0 8.8 + 1.4 8.7+ 1.1 NS 
Moderate 8 8.7 + 1.0 8.724 1.1 8.9 + 1.3 9.1 +13 p<0.01 
Severe 6 8.6 £ 1.2 9. + 1.4 9.71.2 10.2 + 1.2 p < 0.005 
Significance (2}t NS NS p<0.01 p < 0.005 





*Significance (1): Significance within groups is calculated from the 24-week mean platelet volume against the 36-week value or 
the last value before delivery if the patient was delivered before 36 weeks. Significance test used was the Wilcoxon signed-rank 


test for matched pairs. 


+Significance (2): Significance between groups was calculated between the severe and stable groups using patients in each group 
who were undelivered at the gestation stated. Significance test used was the Mann Whitney U test. 


and 34 weeks’ gestation were also studied from the time 
the condition was first diagnosed. Both of these groups 
attended our outpatient day-care monitoring unit on a 
weekly basis unless admission was required. Serial sam- 
pling was carried out weekly in both groups for he- 
matocrit, platelet count, and platelet size. Sampling 
continued on a weekly basis until delivery. All patients 
were managed by the hospital hypertension team and 
routine monitoring followed the protocol for the hos- 
pital, which consists of weekly blood pressure moni- 
toring, uric acid estimation, platelet count, urinalysis 
for protein, nonstress test and ultrasound assessment 
for fetal weight, and liquor volume. Platelet size data 
were unavailable to management, and all analysis for 
this study was carried out after the pregnancy was over. 

The protocol for this study was submitted to and 
passed by our local hospital Ethical Committee. 

Mild pregnancy-induced hypertension was diag- 
nosed if blood pressure remained between 90 and 99 
mim Hg, moderate if diastolic blood pressure was per- 
sistently between 100 and 109 mm Hg, and severe if 
above 110 mm Hg. For purposes of this study, no other 
parameters, such as proteinuria or uric acid, were used 
in the criteria for diagnosis. 

Sample handling. Blood samples were obtained from 
a large vein with a syringe and 19-gauge needle but no 
tourniquet. Blood was immediately mixed with dipo- 
tassium ethylenediaminetetraacetic acid (1.5 mg/ml 
blood) and maintained at room temperature for 90 to 
120 minutes before analysis. Analysis was carried out 
on a Coulter Counter (Model S-Plus, Coulter Electron- 


ics Ltd., Luton, United Kingdom), which was subject 
to continous quality control. Channel calibration with 
latex particles (platelet volume calibration latex, Model 
No. 8.6 fl; Coulter Electronics) was carried daily and 
later weekly to ensure sample comparability with re- 
spect to mean platelet volume and platelet destribution 
width values generated. 

Statistics. Fisher’s test, Mann-Whitney U test, and 
the Wilcoxon signed-rank test for matched pairs were 
used for statistical analysis in this study. 


Results 


Of the 300 normal primigravid pregnancies, 216 pa- 
tients had no hypertensive problems throughout the 
rest of their pregnancy, and 84 developed hyperten- 
sion. Although a trend upward could be seen, when all 
parameters for these patients were compared, there 
was no significant difference in any of the parameters 
measured (Table I). Therefore it was felt that platelet 
volume at 28 to 30 weeks’ gestation could not be used 
as a screening test in this low-risk population. If the 
mean platelet volume of this group was split into those 
who had a value above the mean and those who had a 
value below the mean, it was found that eight of the 


- 154 patients who had a mean platelet volume >8.5 went 


on to develop severe preeclampsia, whereas only one 
of the 146 patients with and a mean platelet volume of 
<8.5 developed severe preeclampsia. Although this was 
statistically significant (p < 0.02), it is of little clinical 
significance, with a positive predictive value of only 
5.19%. 
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Table III. Outcome of 40 patients with mild pregnancy-induced hypertension sampled serially and 
changes in mean platelet volume; timing is related to when the diagnosis was made and the first 3 weeks 
afterward and not to gestation; total numbers for each group are reduced as the weeks increase 








. Outcome No. At diagnosis 1 wk 
Stable 17 8.5 + 11 8.8 + 1.2 
Moderate 14 88+ 1.2 90+ 12 
Severe 9 8.8 413 91 +14 
Significance (2)t NS NS 


. 2 wk 3 wk Significance (1)* 
8:9 + 1.3 9.0 + 11 NS 

QL + 14 92+ 1.2 NS 
10.0 + 1.2 11.2 + 1.2 p< 9.001 

p < 0.005 ~p<9.001 








*Significance (1): Significance within each group was calculated from the mean platelet volume at diagnosis of the mild 
hypertension compared with the 3-week mean platelet volume or the last mean platelet volume before delivery if patients were 
delivered before this time; significance test used was the Wilcoxon signed-rank test for matched pairs. 


Significance (2): Significance between groups was calculated between the severe and stable groups at the times indicated using 
the patients still undelivered at that time in both groups; significance test used was the Mann Whitney U test. 


In the serial study of 34 patients with essential hy- 
pertension, 14 patients had worsening hypertension 
(Table II). There was no significant change in the mean 
platelet volume in the 20 patients who remained stable. 
A small but significant increase was found in those pa- 
tients who progressed to moderate disease (p < 0,01), 
and a large increase occurred in those who developed 
severe hypertension (p < 0.005). Between-group dif- 
ferences were seen only between the stablé group and 
the severely affected group between 32 and 36 weeks’ 
gestation. The largest rise in mean platelet volume seen 
in the stable group was 0.6 fl. If a rise of 1 fl was taken 
as significant, all patients developing severe disease had 
arise >1 fl at least 1 week before a diagnosis of severe 
hypertension was made by the hypertension team. On- 
set of severe disease ranged from 32 to 38 weeks. Table 
II gives values up to. 36 weeks, since after this time a 
significant number of patients in each group had been 
delivered, and mean values for the groups would be 
less valid. Similar results were seen for the 40 primi- 
gravid patients with mild pregnancy-induced hyper- 
tension followed serially (Table III). No change was 
seen in the mean platelet volume in the patients who 
remained mildly hypertensive or those who progressed 
to moderate hypertension, but a significant rise was 
found in those patients who developed severe disease. 
Similarly, only the severe group had a rise in mean 
platelet volume compared with the stable group. All 
patients with severe hypertension had a rise of >1 fl in 
mean platelet volume. This rise was seen in this group 
at least 1 week before a clinical diagnosis of pregnancy- 
induced hypertension was made by the hypertension 
team. The development of severe hypertension was be- 
tween 2 and 4 weeks after the diagnosis of mild disease. 
Gestational age at the time of diagnosis ranged between 
30 and 36 weeks. In 15 patients from both groups who 
developed severe disease with a rise of 1 fl in the mean 
platelet volume, seven of the 15 babies were born with 
a birth-weight under the tenth percentile compared 
with only 12 of 59 babies born to mothers who re- 


mained either stable or progressed only to moderate 
pregnancy-induced hypertension. 


Comment 

Hypertension in pregnancy is.a very common diag- 
nosis. The vast majority of patients remain in the mild- 
to-moderate group and do not have any major obstetric 
problem, and the outcome is.good for both mother and 
baby. However, in a small group of patients; the disease 
can progress to a more severe’ form, increasing the 
maternal risk of seizure and cerebrovascular accident, 
along with increasing morbidity of severe hypertension 
and the required medication and hospitalization. For 
the baby, severe hypertension is associated with in- 
creased placental insufficiency and intrauterine growth 
retardation. Many studies in women with pregnancy- 
induced hypertension and preeclampsia have shown 
changes in platelet numbers,'*-* platelet survival,*” and 
mean platelet volume," * which have been interpreted 
as increased consuimption. Thrombocytopenia is a com- 
mon finding and is associated with progressive disease 
and also disease severity. Platelet lifespan is known to 
be reduced in pregnancy-induced hypertension and is 
thought to be caused by intravascular platelet aggre- 
gation and increased adhesion to vascular. endothe- 
lium.’ Because the signs of this platelet consumption 
appear to antedate other signs and clinical manifesta- 
tions of the disease, many investigators believe that 
platelets are involved in the pathophysiology of this 


disorder.’ This is the reasoning behind the low-dose 


aspirin studies that are now being undertaken in the 
United States and the United Kingdom. Although the 
findings of this study were not evidence of a significant 
increase in platelet consumption remote from the onset 
of the clinical disease, the fact that méan platelet volume 
tended.to be higher in patients who progressed suggests 
that there may be early platelet consumption in this 
group. However, it is of no value as a screening test. 
Similarly, there was no evidence that an increased he- 
matocrit level was associated with patients who devel- 
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oped serious hypertension as previously suggested. The 
second part of the study confirmed that there was in- 
credsing platelet consumption in patients who devel- 
oped moderate and severe pregnancy-induced hyper- 
tension and that the changes related to this increased 
platelet consumption antedated the appearance of clin- 
ical signs by at least | week. Since other methods of 
investigation can be used to help monitor patients at 
risk of developing progressive pregnancy-induced hy- 
pertension, it is difficult to know whether mean platelet 
volume is necessarily any better than monitoring serial 
platelet counts and uric acid levels. Correlation of ap- 
parent intrauterine growth retardation with patients 
who developed severe disease with rising mean platelet 
volume’ may support the evidence that patients with 
severe disease have increasing platelet consumption 
and deposition of platelets and fibrin.? Such changes 
within the placenta’ could partly explain the findings 
described in previous pathologic studies.” These find- 
ings support the argument for the use of low-dose as- 
pirin in patients believed to be at risk of severe pre- 
eclampsia or intrauterine growth retardation. If this 
reduces the raté of platelet consumption that occurs, it 
may well slow or stop progression of the disease to its 
severe form and reduce the chance of placental insuf- 
ficiency. A large- -scale study of patients at risk with ris- 
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ing mean platelet volume as a marker for intervention 
may be indicated. 
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Measurement of cardiac output in pregnancy by thoracic 
electrical bioimpedance and thermodilution 


A preliminary report 


Damon I. Masaki, MD, Jeffrey S. Greetispoon, MD, and Joseph G. Ouzounian, BS 


Los Angeles, California 


Thoracic electrical bicimpedance is a noninvasive, coritinuous method of obtaining cardiac output that 
requires no operator skill. However, the most recent thoracic electrical bicimpedance technology has not 
been validated in pregnancy. We therefore compared two methods of measuring cardiac output in 
pregnancy, thoracic electrical bioimpedancé and thermodilution. We studied 11 patients who required 
pulmonary artery catheterization for peripartum management and measured cardiac output simultaneously 
by thoracic electrical bioimpedance and thermodilution. Among eight of nine patients, there was agreement 
(within + 20%) between the two methods. Bivariate linear regression with these nine cases showed 
excellent correlation (r = 0.91, p < 0.001) with a slope of 1.04, which indicated a one-to-one relationship 
between thoracic electrical bioimpedance and thermodilution. The remaining two cases were removed from 
analysis because of septic shock in one case (which invalidates thoracic electrical bioimpedance) and 4+ 
tricuspid regurgitation in another case (which invalidatés thermodilution). These data support that thoracic 
electrical bioimpedance measurement of cardiac output may be valid in most peripartum patients. (Am J 


OssTet GYNECOL 1989;161:680-4.) 


Key words: Pregnancy, cardiac output, thoracic electrical bioimpedance 


The estimation of cardiac output is an integral part 
of the management of pregnant women who have uri- 
derlying cardiovascular disorders or who develop se- 
rious medical complications. The most commonly em- 
ployed clinical method of measuring cardiac output is 


thermodilution, which requires the insertion of a pul- 


monary artery catheter. The invasive nature precludes 
the use of thermodilution to assess cardiac output in 
the majority of patients. Although thermodilution to 
assess cardiac output has gained wide acceptance and 
is considered the “gold standard” in clinical settings, it 
has an overall error of 15% to 20%! and overestimates 
cardiac output in low-flow statés.? A noninvasive alter- 
native to thermodilution that provides continuous up- 
dating of cardiac output is desirable. 

Measurement of cardiac output by Doppler tech- 
niques is noninvasive and has been validated in preg- 
nancy." * However, these methods require significant 
technical skill and are intermittent rather than con- 
tinuous. 

Thoracic electrical bicimpedance, also referred to as 
impedance cardiography, is a noninvasive method of 
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estimating stroke volume and, therefore cardiac out- 
put. In addition, thoracic electrical bioimpedance pro- 
vides continuous beat-to-beat data on cardiac output 
and requires no technical skill provided the electrodes 
are correctly placed. Earlier studies of cardiac output 
by thoracic electrical bioimpedance during pregnancy 
have been reported with older thoracic electrical 
bioirnpedance technology.’ T he early studies used 
cumbersome tetrapolar band electrodes and were based 
on the Kubicek equation, which had a tendency to 
overestimate cardiac output.’ Recent improvements in 
measurements of cardiac output by thoracic electrical 
bioimpedance involved the modification of the Kubicek 
equation: by Sramek and Bernstein,® and incorpora- 
tion of the calculations into a computer micropro- 
cessor called the Noninvasive Continuous Cardiac Out- 
put Monitor, model 3 (NCCOM-3). Studies with the 
NCCOM-3 system indicate that measurement of car- 
diac output by thoracic electrical bioimpedance is re- 
liable in nonpregnant adults”? and pediatric patients” 
but has not been validated in pregnancy. 

The NCCOM-3 system has been revised several 


~ times." The revision 4 model (available in 1985) was 


unreliable when the heart rate exceeded 150 beats/min. 
The studies previously cited used the revision 4 sys- 
tem.’ Our study used revision 6 of the NCCOM-3, 
which has been available. since 1986. Revision 6 was 
modified to permit measurement of cardiac output at 
heart rates up to 199 beats/min, and adjusted the Sra- 
mek stroke volume equation for weight." 
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Table I. Patient data including simultaneous cardiac output estimates by thermodilution and thoracic 


electrical bioimpedance 


















Indication for of cardiac output 
Patient pulmonary artery 
no. catheter 


Thermodilution estimate 


5.9 5.5 








Thoracic electrical 
bioimpedance estimate of 
cardiac output 





Difference (%) 





l Class III 4.9-6.4 5.3-5.6 -6.8 
MS 

2 Class III 4.2 3.2-4.9 4.0 3.4-4.2 —4.8 
MS 

3 MS with mild A 4.2 3.8-4.4 3.6 3.4-3.7 -14.3 

PIH 

4 Pancreatitis 7.7 6.9-8.6 6.2 5.6-6.5 -19.8 
ARDS 

5 Severe PIH ; TA 7.1-7.5 6.0 5.1-6.9 —19.] 
Oliguria 

6 Severe PIH 8.9 6.8-10.7 9.4 8.4-10.7 +5.6 
Oliguria : 

7 Severe PIH 9.8 9.1-10.5 8.7 8.1-8.9 -11.2 
Oliguria . 

8 Severe IH 9.9 8.6-10.7 10.4 10.1-10.6 +5.1 
Oliguria 

9 Severe PIH 7.2 6.8-7.6 4.6 4.6-4.7 — 35.6 
Oliguria 

10 Class IL1* 3.4 3.0-3.8 5.2 5.0-5.5 +53.0 
4+ TR i 
1+ MR 
11 Septict shock 7.9 7.8-8.3 5.3 5.1-5.7 —32.4 





ARDS, Adult respiratory distress syndrome; PIH, pregnancy-induced hypertension; MS, mitral stenosis; TR, tricuspid regur- 


gitation; MR, mitral regurgitation. 


Difference (%) = Thoracic electrical bioimpedance — Thermodilution/Thermodilution x 100. 
Cardiac output reported is mean and range of five measurements expressed in liters per minute. 
*Patient 10 not included in agreement or regression analysis because thermodilution is not reliable in measuring cardiac output 


in patients with 4+ tricuspid regurgitation. 


{Patient 1] not included in the agreement or regression analysis because the estimation of cardiac output by thoracic electrical 


bioimpedance has not been reliable in septic shock. 


We present the first study of peripartum patients 
undergoing pulmonary artery catheterization in whom 
simultaneous thermodilution to assess cardiac output 
and measurement of cardiac output by thoracic elec- 
trical bioimpedance, using revision 6 of the NCCOM- 
3 model, were performed to compare the two methods. 


Material and methods 


Eleven peripartum patients were studied at the 
Los Angeles County—University of Southern California 
Medical Center during a 15-month period from No- 
vember 1987 to January 1989. Patients were included 
if they required pulmonary artery catheterization for 
peripartum management and consented to thoracic 
electrical biotmpedance. 

The pulmonary artery catheters (model 93A-831- 
7.5F, American Edwards Laboratories, Irvine, Calif.) 
were inserted percutaneously via the right internal jug- 
ular vein in all cases. The medical conditions requiring 
pulmonary artery catheterization are shown in Table 
I. The correct position of the pulmonary artery catheter 
was confirmed by pressure waveform and chest radio- 
graph. Pressure transducers (model T12AD-R, Gould 


Inc., Oxnard, Calif.) were calibrated to a zero reference 
at the midaxillary line. All measurements were made 
with the patient in the supine position with a left lateral 
tilt of approximately 25 degrees. A 10 ml injectate of 
5% dextrose in water at room temperature (23° to 
25° C) was used for obtaining thermodilution to assess 
cardiac output. Five consecutive thermodilution mea- 
surements were made randomly with respect to the 
respiratory cycle, regardless of whether the patient had 
spontaneous respirations or required mechanical ven- 
tilation; the five readings were then averaged. Values 
obtained by thermodilution to assess cardiac output 
were determined on a cardiac output computer (model 
9520A, American Edwards Laboratories). 
Determination of cardiac output by thoracic electrical 
bioimpedance was obtained with the NCCOM-3, revi- 
sion 6 (NCCOM-C3, rev. 6, Bomed Medical Manufac- 
turing Ltd., Irvine, Calif.). Eight electrodes (Silvon 
ECG electrodes, NDM Corp., Dayton, Ohio) were ap- 
plied as follows (see Fig. 1). Two sensing electrodes 
were placed 180 degrees apart from each other at the 
root of the neck, and two sensing electrodes were placed 
180 degrees from each other at the level of the xiphoid 
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FRONTAL VIEW 


POSTERIOR VIEW 


Fig. 1. Diagram of electrode placement. Electrodes are color coded to ensure correct application. 
Black and white (root of neck) electrodes are 180 degrees apart. Red (level of xiphoid) and green 
electrodes are at midaxillary line. Black and green electrodes are transmitting electrodes; white and 
red ones are sensing electrodes. (From Bomed Manufacturing Ltd.) 


process at the midaxillary line. Two pairs of transmit- 
ting electrodes were placed adjacent to the sensing elec- 
trodes in the same plane so that the electrode centers 
were 5 cm apart. The cardiac output by thoracic elec- 
trical bioimpedance for each heartbeat for the next 12- 
beat interval (which is the usual interval required for 
a cardiac output measurement determined by ther- 
modilution) is averaged by the microprocessor in the 
NCCOM-8, rev. 6, and displayed. 

At the beginning of the five measurements of cardiac 
output by thermodilution, a cardiac output by thoracic 
electrical bioimpedance reading was begun simulta- 
neously. A total of five simultaneous measurements 
were performed on each patient and averaged. 

Statistical analysis to assess agreement between the 
measurement of cardiac output by thermodilution and 
thoracic electrical bioimpedance was performed as de- 
scribed by Bland and Altman.” Thermodilution to as- 
sess cardiac output and cardiac output by thoracic elec- 
trical bioimpedance data were also analyzed by bivariate 
linear regression with MR-TOD (Medical Research— 
Time Oriented Database, Retriever Data Systems, 
Seattle, Wash.). 

Patients gave written informed consent before pul- 
monary artery catheterization for medical manage- 
ment and before cardiac output by thoracic electrical 
bioimpedance studies. The use of thoracic electrical 
bioimpedance to determine cardiac output was ap- 
proved by the Human Research Review Committee at 
the University of Southern California—Los Angeles 
County Medical Center. 


Results 


Data obtained from the individual patients are shown 
in Table I. The percent difference between the two 
methods is also calculated. Two patients were excluded 


from the analysis for agreement and bivariate linear 
regression because both had a condition in which car- 
diac output estimation is inaccurate with one of the 
methods. Patient No. 10 had tricuspid regurgitation 
(4+), rendering thermodilution assessment of cardiac 
output invalid. Patient 11 had septic shock, a condition 
in which determination of cardiac output by thoracic 
electrical bioimpedance has been unreliable in non- 
pregnant patients. 

The cardiac output data for nine patients are pre- 
sented graphically as recommended by Bland and 
Altman” in Fig. 2. Bivariate linear regression analysis 
between thermodilution to assess cardiac output and 
cardiac output by thoracic electrical bioimpedance, in 
which thermodilution to assess cardiac output was des- 
ignated as the independent variable was also per- 
formed. The results of this analysis are: Cardiac 
output by thoracic electrical bioimpedance = — 1.03 + 
1.04 x (Cardiac output by thermodilution); r = 0.91 
(p < 0.001). The standard error of estimate was equal 
to 1.07. 


Comment 


Thoracic electrical bioimpedance is a noninvasive 
blood flow technology that estimates left ventricular 
stroke volume on a continuous beat-to-beat basis. With 
each ventricular contraction, there is an increase in the 
electrical conductance of the thoracic cavity and results 
in the bioimpedance waveform. The NCCOM-3 com- 
puter microprocessor senses and records these imped- 
ance changes through its eight-lead montage and uses 
them to calculate stroke volume and thus cardiac out- 
put. The Sramek-Bernstein equation used to calculate 
stroke volume (SV) is: 


SV = 1?/4.2 x Tive X (dz/dt)max/Zo 
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Cardiac output by thoracic electrical bioimpedance 


TEB Cardiac Output (L/min) 
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Fig. 2. Cardiac output by thoracic electrical bioimpedance for the first nine patients described in 
Table I. Line of identity designates perfect agreement between the two methods. The lines for + 20% 


683 


of cardiac output indicate accepted accuracy limits in measurement of cardiac output.! 


The derivation of this equation was reviewed by Bern- 
stein.® In the equation, Tvs is left ventricular ejection 
time (in seconds, displayed as ventricular ejection time), 
(dZ/dt) max is the maximum rate of impedance change 
(in ohms per second, displayed as ejection velocity in- 
dex), and Z is the basal thoracic impedance (in ohms, 
displayed as the thoracic fluid index). The L value is 
the thoracic length, which is used to calculate the tho- 
racic volume. Note that the L value is the only value 
not determined by the NCCOM-3 directly from the 
bioimpedance waveform. The accuracy of the L value 
is critical because it appears in the third power in the 
stroke volume equation. An error of 1 cm in this value 
can alter the cardiac output by as much as 10%.° The 
L value is derived from a nomogram that uses the pa- 
tient’s height and weight and adjusts for deviations 
from ideal body weight. This nomogram was derived 
from nonpregnant subjects. Although cardiac output 
by thoracic electrical bioimpedance estimates by the 
NCCOM-3 are reliable in most nonpregnant adults, the 
cardiac output by thoracic electrical bioimpedance 
method has not been validated in pregnancy. 

The cardiac output by thoracic electrical biotmped- 
ance estimate was less than thermodilution to assess 
cardiac output by 35.6% in patient No. 9. One possible 
explanation for this discrepancy between the method 
is that the L value for short subjects may be incorrect, 
A study of cardiac output by thoracic electrical 
bioimpedance in short (pediatric) patients suggested 
that the L value is underestimated with respect to height 
in short (pediatric) patients, therefore cardiac output 
is underestimated by thoracic electrical bioimpedance.* 
This patient’s height was 144 cm (4 feet 9 inches), which 
is near the lower limit (145 cm) of the nomogram for 


the determination of L. These potential errors in L may 
account for the observed differences in cardiac output. 

Previous studies in nonpregnant adults demon- 
strated that cardiac output by thoracic electrical 
bioimpedance consistently underestimates cardiac out- 
put measured by thermodilution and is unreliable dur- 
ing sepsis with high cardiac output.® This is probably 
caused by augmented blood flow to the skin from in- 
tense peripheral vasodilation. The thorax thus behaves 
more like a “shell conductor than a volume conductor.”* 
The (dZ/dt),..x and ultimately cardiac output by tho- 
racic electrical bioimpedance are therefore underesti- 
mated during this condition. The cardiac output by 
thoracic electrical bicimpedance underestimated car- 
diac output by thermodilution by 32.4% in patient no. 
11 (during septic shock), which confirms this observa- 
tion. This patient was excluded a priori from the anal- 
ysis comparing the two methods because she had a clin- 
ical condition in which measurement of cardiac output 
by thoracic electrical bioimpedance is known to be in- 
valid. Whether the vasodilator properties of drugs such 
as hydralazine and magnesium sulfate have an effect 
on the cardiac output by thoracic electrical bioim- 
pedance similar to that of sepsis was not studied. 
This possibility should be considered in patients with 
pregnancy-induced hypertension (patients no. 5 to 9). 
All five of these patients received hydralazine and mag- 
nesium sulfate at the time of this study. Complex dys- 
rhythmias, electrocautery, and motion artifact may 
interfere with cardiac output by thoracic electrical 
bioimpedance estimates? but were not encountered in 
this series. 

The comparison of thermodilution to assess cardiac 
output and cardiac output by thoracic electrical bio- 
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impedance requires that both methods be done with 
accuracy in addition to proper statistical analysis. The 
use of thermodilution to assess cardiac output measures 
right ventricular cardiac output at the point where the 
thermistor on the tip of the pulmonary artery catheter 
is located. Thermodilution to assess cardiac output is 
sensitive to changes in preload and can vary up to 50% 
during different phases of ventilation.’ Thermodilu- 
tion to assess cardiac output performed exclusively at 
end-exhalation will be more reproducible, which is use- 
ful for determining trends in the clinical setting but 
will be less accurate in terms of representing cardiac 
output during the entire respiratory cycle.’ We there- 
fore chose to perform thermodilution to assess cardiac 
output randomly in relation to the respiratory cycle. 
The volume (10 ml) and temperature (23° to 25° C) of 
the injectate selected simplifies the technique without 
loss of accuracy.'® Accurate measurement of cardiac 
output by thoracic electrical bioimpedance requires 
careful determination of the thoracic length and cor- 
rect electrode placement. 

The statistical comparison of thermodilution to assess 
cardiac output with assessment of cardiac output by 
thoracic electrical bioimpedance was performed only 
after all five cardiac output values by each method were 
averaged. The large effect of ventilation on thermo- 
dilution to assess cardiac output variability and the lack 
of effect on cardiac output by thoracic electrical 
bioimpedance would make comparisons between single 
thermodilution to assess cardiac output and cardiac 
output by thoracic electrical bioimpedance estimates 
misleading. Fig. 2 graphically displays the comparison 
between thermodilution to assess cardiac output and 
assessment of cardiac output by thoracic electrical 
bioimpedance. If perfect agreement existed between 
the two methods of measuring cardiac output, then all 
points would fall on the line of identity. The + 20% 
cardiac output lines on Fig. 2 show the.accepted ac- 
curacy limits of thermodilution to assess cardiac out- 
put! The estimate of cardiac output by thoracic elec- 
trical bioimpedance is within the + 20% limits in eight 
of nine cases. 

Regression analysis also was performed, which re- 
quires that each data point be comprised of indepen- 
dent observations. Therefore one observation from 
each patient was analyzed for correlation. An excellent 
correlation of r = 0.91, p < 0.001 was established. 

In summary, these results indicate that the NCCOM- 
3, rev. 6, estimate of cardiac output by thoracic electrical 
bioimpedance is similar to the use of thermodilution to 
assess cardiac output in most cases during the peripar- 
‘tum period in our study. Measurement of cardiac out- 
put by thoracic electrical bioimpedance is noninvasive, 
continuous, and requires no operator skill. Neverthe- 
less, even if measurement of cardiac output by thoracic 
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electrical bioimpedance is confirmed to be accurate in 
larger studies of pregnant patients, it must only be used 
as an adjunct to good clinical judgment. 
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In utero cocaine exposure: Observations of fetal behavioral 
state may predict neonatal outcome 


Roderick F. Hume, Jr» MD, Maj, MC, USA; Karen J. O’Donnell, PhD,” 
Cathi L. Stanger, RN; Allen P. Killam, MD, and Jeannine L. Gingras, MD? 


Durham, N orth Carolina 


Components of fetal behavioral state organization reflect the successful integration of the central nervous 
system, have a specific developmental timetable, and can be studied with fetal ultrasonographic 
techniques. To test the hypothesis that evaluation of state organization is a marker of abnormal central 
nervous system maturation and a predictor of risk, we studied 20 fetuses and newborns exposed to 
cocaine in utero. Fetal assessments were accomplished by serial ultrasonographic examination, 
videotaped, and scored by a scheme developed by the authors to assess organization and regulation of 
behavioral states. Newborn neurobehavioral assessments also emphasized organization and regulation of 
behavioral state. Abnormal or delayed state behavior was identified in 13 of 20 fetuses. State organization 
was evaluated as suspect or abnormal for 16 of the 20 exposed newborns. Disorganized behavioral state 
in the fetus successfully predicted abnormal newborn behavior. These findings support the concepts that 
cocaine exposure disrupts central nervous system development and that fetal assessment of state is 
predictive of neonatal outcome. (Am J Osstet GYNECOL 1989;161:685-90.) 


Key words: Cocaine, fetal behavioral state, state organization, neonatal state 


. Cocaine abuse is a major problem in our society. Its 
increasing use as the recreational drug of choice among 
the poor and the affluent has been responsible for an 
explosion of awareness of its potential for devastating 
addiction and medical catastrophe.! Cocaine use is also 
increasing among the reproductively active in our so- 
ciety. Cocaine use in pregnancy is associated with poor 
perinatal outcome: increased incidence ‘of premature 
labor and delivery, intrauterine growth retardation, 
abruptioplacentae, stillbirth, maternal and neonatal in- 
tracranial ‘hemorrhage, fetal distress, and altered ned- 
natal behavior.*® Also alarming is the possibility .of an 
increased incidence of sudden unexplained infant 
death in the offspring of cocaine-abusing women.? 
Neonates born to mothers who abuse cocaine during 
pregnancy have been shown to exhibit altered behav- 
ioral state organization in concert with poor perinatal 
outcome.” We have made the additional observation 
of a similar disorganization of fetal state-related be- 
havior. State organization is seen as reflecting proper 
integration of the central nervous system, and we theo- 
rized that state organization or disorganization would 
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be an early fetal marker of neurobehavioral risk. The 
present study investigated two hypotheses: (1) fetuses 
exposed to cocaine in utero would demonstrate altered 
behavioral state organization and (2) altered fetal be- 
havioral state would be an early marker of the integrity 
of central nervous system maturation. This manuscript 
reports the observations on a cohort of perinates whose 
mothers abused cocaine during gestation and who were 
serially observed in utero with ultrasonography. The 
infants were examined in the neonatal period. 


Materiai and methods 


Duke University Medical Center provides the pri- 
mary obstetric service for urban Durham and the sur- 
rounding rural counties. During the year of this study, 
there were 2245 deliveries at the medical center. 
Twenty women identified as cocaine users through 
clinic referral or self-referral volunteered and were en- 
rolled in this institutionally approved study. The history 
of maternal substance abuse was obtained by the pri- 
mary author (R. F. H.) serially and concurrently 
throughout prenatal care. The prospėéctive, nonpuni- 
tive ascertainment of drug use allowed more infor- 
mation to be gathered relative to the timing and pattern 
of maternal substance abuse. The pattern of maternal 
substance abuse was obtained by interview and re- 
corded for all of our subjects during their prenatal care 
and at delivery. Systematic drug screening was not an 
aspect of this study design. Serial ultrasonographic 
evaluations of fetal growth, well-being, and state- 
related behavior were recorded as a component of their 
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Table Í. Distribution of maternal pattern of abuse*. 








Mode of cocaine use. 
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Duration of use Intravenous 


Ist Trimester only (4/20) 1/4 
lst + 2nd Trimester (7/20) 5/7 
Ist-3rd Trimester (9/20) 4/9 
TOTAL (N = 20) (%) 50 











Free base Alcohol use Narcotic use 





0/4 3/4 0/4 
1/7 717 3/7 
1/9 _ 9/9 2/9 
10 95 25 








*This includes the cumulative duration and mode of cocaine abuse and other substance abuse. 


Table II. Medical-obstetric complications for cocaine-exposed group compared with control population at 


Duke University Medical Center 


Anemia | 

Premature labor 

Spontaneous premature rupture of 
- . membranes 

Preeclampsia 

Small for gestational age—intrauterine 

growth retardation 

Abruptioplacentae 

Birth defects 

Premature delivery 
` Fetal distress in labor 

Cesarean section 


DUMC!LCHC (%) 

25 22.0 
25 24.0 
20 2.0% 

0 46 
30 i4.0 

5 1.1 

5 5.7 
25 16.7 
20 -© 113 
20 20.0 











PCSĠ, Perinatal Cocaine Study Group; DUMC ILCHC, Duke University Medical Center/ Lincoln Community Health Center. 


*b < 0.01. 


high-risk obstetric- ‘care, Subjects only identified at de- 
livery as using cocaine were excluded from, this report. 
This.study reports ori the observations of 20 fetuses 
serially evaluated in utero and followed through the 
neonatal period. No subjects were lost to follow-up. 
One infant delivered at term, who was examined 
in utero and after birth, died at home at age 21 days 
of Klebsiella sepsis. 

Routine ultrasonographic evaluations included stan- 
dard morphometric assessments of fetal weight, 
growth,’ and well-being.’ Our assessment of fetal be- 
havioral state was adapted from techniques previously 
described by Nijhuis et al. and Arduini et al.? Com- 
ponents of fetal behavior assessed included fetal heart 
rate variability, breathing motion, body tone and move- 
ments, and chin, mouth, and eye movements. Or gan- 
ization and regulation were defined as the coordination 
of related components of fetal behavior in a stable yet 
responsive state. Our modification, “Fetal Neurobe- 
havioral Profile” (in preparation), “emphasizes behav- 
ior state differentiation, or ganization, and regulation 
through systematic observations of unperturbed fetal 
behavior, effect of vibroacoustic perturbation, and the 
fetus’ attempt at self-regulation after perturbation. The 
ultrasonographic technique. requires an image of the 
fetal face, chin, and chest to allow coincidental evalu- 
ation of fetal eye, mouth, breathing; and heart motion. 
We used a GE RT 2600 device with 3.5 and 5 MHz 


linear array transducers to obtain a splitectecn, real- 
time B-mode and M-mode image of fetal behavior, 

which was recorded on standard VHS format for later 
review: The stable association of rapid eye movements, 

chin motion, breathing, and reactive heart rate pattern 
is scored as active sleep. The stable association of no 
eye movements, chin motion, or breathing with a non- 
reactive heart rate pattern is scored as quiet sleep. After 
a 10- to 15-minute period of observation of unper- 
turbed fetal behavior, vibroacoustic stimulation was ap- 
plied in either of these stable behavioral states during 
direct ultrasonographic imaging with a brief (<1 sec- 
ond) stimulus from a Bell Laboratory artificial larynx. 
The fetal stimulus-response pattern was repeated to 
evaluate fetal habituation to sound perturbation. Fetal 
behavior was scored from video tape reċorded ultra- 
sonographic observations. Rating of fétal neurobehav- 
ioral profile was initially made at each ultrasono- 
graphic evaluation and recorded prospectively (R. F. H., 
C. L. S.). Prenatal data, including pattern of drug use, 
were recorded prospectively and stored in files coded 
to protect subject confidentiality. 

- Maternal and neonatal charts were reviewed to re- 
cord obstetric and neonatal complications and outcome 
(C. L. S.). Gestational age and growth were evaluated 
to determine the appropriateness. of growth for ges- 
tational age. Neonatal neurobehavioral assessment was 
accomplished between days 1 and 3 and before dis- 
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Table ITI. Maternal pattern of cocaine use and fetal effects 





Cocaine and fetal-neonatal behavioral state 687 

















Duration of use 





lst Trimester only (4/20) 0/4 
Ist + 2nd Trimester (7/20) 2/7 
Ist-3rd Trimester (9/20) 4/9 
TOTAL (%) 30 


Intrauterine growth retardation 






Acute 
intoxication 


Diso, ganized 
fetal state 


0/4 1/4 
2/7 5/7 
1/9 719 
15 65 





charge by an examiner (K. O. D., J. L. G.) who was 
blinded to pattern of maternal substance abuse, fetal 
behavioral profile results, intrapartum course, and 
drug screen results, if obtained. Because a history of 
cocaine exposure is an indication for referral for neo- 
natal neurobehavioral testing, these examiners were 
not blinded to cocaine exposure. The neonates were 
assessed with methods described by others" in the 
following areas: autonomic stability, motor status, reflex 
profile, statė organization, and attention to auditory 
and visual stimuli. Overall neurobehavioral status was 
scored for these analyses as normal, suspect, or abnor- 
mal. Newborn state organization scores, classified as 
normal or abnormal for gestational age, were also an- 
alyzed. The reliability of fetal assessment to predict 
newborn assessment , was accomplished by nonpara- 
metric means (x°). Other data are reported by fre- 
quency and proportion scores. 


Results 


Subjects. In our obstetric community 35 of 2245 de- 
liveries (1.6%) were recorded as being complicated by 
maternal substance abuse. No systematic study for 
urine toxicology was done to obtain true prevalence 
during this period. Ten of these 35 (28%) received no 
prenatal care or received prenatal care outside of our 
clinic system. Additionally, five (18%) received prenatal 
care within our clinic system but were not able to be 
enrolled in our study because of logistic problems. 
Therefore 20 of the 35 women (54%) participated in 
this study. The timing of gestation at cocaine exposure, 
the use of other agents, and the mode of cocaine use 
are summarized in Table I. All subjects were exposed 
during the first trimester. Most attempted to discon- 
tinue their cocaine use on discovery of their pregnancy. 

Table IÍ lists the medical and obstetric complications 
experienced by our total cocaine-exposed cohort and 
compares them with the complications in a population 
of 2210 mothers not known to abuse cocaine who were 
delivered during the study period. Comparisons of 
these přoportions indiċated that significantly more 
women who abused cocaine had spontaneous prema- 
ture rupture of the membranes (p < 0.05). The 20 in- 
fants evaluated in this study were born between 37 and 
40 weeks of gestational age. 

Fetal behavioral state orgatization: Abnormal fetal 


state-related behavior was identified in 13 of 20 neo- 
nates (65%) exposed to cocaine in utero who survived 
beyond midgestation. Our observations included both 
short-term (during maternal cocaine intoxication) and 
long-term (during maternal abstinence) effects on fetal 
behavior. This information is presented in Table III. 

Manifestations of acute fetal intoxication were ob- 
served in three fetuses and included hyperflexion, ir- 
ritability, prolonged periods of scanning eye move- 
ments during vigorous, almost continuous sucking, and 
excessive fetal motion, especially in response to stim- 
ulation. Fetal iachycardia and extreme baseline heart 
rate variability were most often evident on fetal heart 
rate testing. Of these three fetuses, two were also ob- 
served during acute maternal cocaine withdrawal. The 
fetal withdrawal effects were similar to the mater- 
nal symptoms of cocaine withdrawal with recurrent- 
repetitive yawning and problems of arousal most ap- 
parent. The fetus appears to experience concordant 
physiologic and behavioral effects amg with its mother 
in response to cocaine. 

Long-term or delayed effects of cocaine exposure 
were defined as delay or disruption of state organiza- 
tion, occurring in 13 of the 20 (65%), or as unusual 
fetal behavior, such as recurrent-repetitive yawning 
seen in three fetuses. A deep sustained, regular, hy- 
perpneiċ (deep inspiratory cycle = expiratory cycle) fe- 
tal breathing pattern was seen in three fetuses. This 
latter pattern resembled the central neurogenic hyper- 
ventilation described in adults. Both the recurrent 
yawning and sustained hyperpneic breathing patterns 
persisted between behavioral states. ` 

Six fetuses (30%) were assessed as growth-retarded 
on fetal ultrasonographic evaluation. Additionally, dis- 
organization of fetal behavior appeared to be associated 
with the magnitude of maternal cocaine abuse (see 
Table III), although the relationships were not statis- 
tically significant. 

Neonatal outcome. Newborn infants were assessed 
for overall neurobehavioral well-being in the areas. of 
autonomic stability, motor and reflex status, state or- 
ganization, and attentional capacities. The most fre- 
quent ‘indicators of" autonomic instability included 
excessive tremulousness in extremities, unexplained 
tachypnea, or both. Disrupted state organization was 
evidenced ‘by hyperresponsiveness.and by difficulty in 
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Table IV. Fetal state organization as predictive of newborn neurobehavioral well-being 











l Fetal 
Normal 1 
Abnormal 0 
TOTAL ] 








x? = 6.2; p < 0.05. 








Abnormal 


1 7 
9 13 
10 20 





Table V. Fetal state organization as predictive of newborn state organization 





Fetal 
Organized 4 
Disorganized 0 
TOTAL 4 


X = 9.2; p < 0.01. 


arousal. These infants often were seen as “all or noth- 
ing,” that is, difficult to arouse, inconsolable when 
aroused, and having brief or no periods of quiet alert- 
ness. Deficits in, attentional capacities (response to au- 
ditory and visual stimuli) ‘usually were interpreted as 
being secondary to disrupted behavioral state reg- 
ulation. 

Overall neurobehavioral status was scored as normal, 
suspect, or abnormal (Table IV). Ten infants (50%) 
were neurobehaviorally abnormal, with nine scored as 
suspect and one scored as normal. It is important that 
fetal state organization successfully predicted overall 
newborn behavioral well-being (x° = 6.2; p< 0.05). 
For example, of the 13 fetuses seen as exhibiting ab- 
normal state behavior, nine were abnormal and none 
were scored as normal newborns. 

Newborn state organization, rated as organized (nor- 
mal) or disorganized (abnormal), was abnormal in 16 
of the 20 infants, again successfully predicted by the 
fetal state assessment (x? = 9.2; p < 0.01) (Table V). All 
13 fetuses who had abnormal fetal state behavior were 
abnormal in state organization as newborns. Addition- 
ally, disorganization of neonatal behavior appeared to 
be associated with the magnitude of maternal cocaine 
abuse, although the relationships were not statistically 
significant. However, we did detect fetal and neonatal 
behavioral abnormalities even if exposure was limited 
to the first trimester. 


Comment 


These observations suggest that maternal cocaine 
usage results in both short-term (immediate) fetal and 


Newborn ` 






3 ` 7 
13 13 
16 20 


long-term postnatal effects. Short-term effects include 
manifestations of fetal intoxication (hyperflexion, ir- 
ritability, excessive fetal movements, and sucking with 
fetal tachycardia and extreme baseline heart rate vari- 
ability) and withdrawal (recurrent yawning and sus- 
tained hyperpnea). Long-term effects include intra- 
uterine growth retardation and fetal neutodevelop- 
mental delay or disruption as defined by altered fetal 
behavioral state organization and regulation. Since al- 
tered fetal behavioral state is associated with adverse 
perinatal outcome, our data strongly support a role for 
cocaine as a neurodevelopmental teratogen. The pur- 
pose of the current study was to test the hypothesis that 
altered fetal behavior could be detected ultrasono- 
graphically and that such abnormal fetal behavior 
would predict subsequent abnormal neonatal behav- 
ioral testing in a cohort of cocaine-exposed pregnan- 
cies. Prospéctive longitudinal study of these infants and 
matched controls is required to determine the signifi: 
cance of the delay or disruption of state organization 
identified with the fetal neurobehavioral profile. 

` Fetal behavioral states show a normal ontogeny with 
progressive coincidence of components of behavior be- 
coming organized into clearly defined and stable pat- 
terns with maturity. This maturation has been de- 
scribed by Nijhuis et alë and correlates with the 
behavioral states of the newborn. The progressive or- 
ganizational, integrative, and interactive ability of the 
fetus with advancing gestational age serves as the foun- 
dation of newborn neurobehavioral examinations. ’® | 
Similarly, the correlation of fetal behavioral state with 
fetal biophysical parameters such as breathing, heart 
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rate variability patterns, Doppler flow in umbilical ves- 
sels, and echocardiographic measures of hemodynam- 
ics reveals a progressive integration of function of nu- 
merous organ systems. This concerted coordination of 
normal physiologic action is under the control or mod- 
ulation of the central nervous system.” Thus the ap- 
plication of fetal behavioral state assessment may serve 
as a useful screening test for appropriate neurodevel- 
opment. Indeed, altered fetal behavior has been de- 
scribed in animal models after exposure to narcotics 
and other agents. Delayed development of the inte- 
gration of fetal behavioral states has also been reported 
in human fetuses suffering intrauterine growth retar- 
dation." 

Animal models of altered fetal environments that 
are associated with fetal growth retardation often in- 
clude rather marked elevations of endogenous cate: 
cholamines, especially norepinephrine." This biogenic 
amine has also been identified as responsible for the 
acceleration of pulmonary maturation. The peripheral 
nervous system and autonomic nervous system in these 
fetuses also exhibit advanced maturity when compared 
with normal fetuses. However, the development of the 
fetal central nervous system is disturbed and predom- 
inantly delayed in its ontogeny.” Cocaine may have 
similar effects on the developing fetus that are second- 
ary to altered norepinephrine metabolism. This dis- 
cordance of developmental achievement between the 
central nervous system—autonomic nervous system may 
be operative in the inappropriate response of these 
fetuses to environmental perturbation: fetal distress, 
stillbirth, neonatal transitional difficulties, and sudden 
unexplained infant death. 

We have observed a similar disruption (disorgani- 
zation) of fetal behavioral state organization and reg- 
ulation associated with maternal cocaine use. Alter- 
ations in fetal behavior were manifested by dissociation 
or lack of coincidence of components of behavioral 
state, as well as an apparent delay in the onset of in- 
tegration. Both short- and long-term neurodevelop- 
mental effects of maternal cocaine abuse were ob- 
served. Immediate drug-induced responses included 
hyperrigidity in extreme flexion, hyperactivity with vi- 
olent total body movements in response to stimulation, 
scanning eye movements to the exclusion of the nor- 
mally predominant rapid eye motion, and marked al- 
teration in fetal breathing patterns and fetal heart rate 
variability. Additionally, the short-term response ap- 
peared to correlate with the known kinetics of cocaine 
metabolism and degradation. We also noted a return 
to a more normal fetal biophysical profile and behavior 
the day or two after maternal cocaine ingestion. Al- 
though the most significantly impaired fetus was that 
of a chronic, multiple agent intravenous drug abuser 
who continued her daily use up to delivery, we discov- 


Cocaine and fetal-neonatal behavioral state 689 


ered similar atypical behavior in the episodic user 
whose use was confined to the first trimester. 

The explanation for persistent abnormalities in the 
episodic user may relate to the direct central nervous 
system—autonomic nervous system actions of cocaine, 
or a metabolite, on catecholamine uptake kinetics. 
Such neurotransmitter effects could alter the ontogeny 
of neurotransmitter distribution or interfere with the 
normal development of the central nervous system. Al- 
ternatively, the hemodynamic effects of cocaine, me- 
diated through norepinephrine, may be operative as a 
cause of growth retardation and delayed neurodevel- 
opment.'* Further studies are necessary to evaluate 
these potential pathophysiologic mechanisms. 

The dramatically increased incidence of cocaine- 
associated perinatal morbidity and mortality (impaired 
intrauterine growth, neonatal transitional dysfunction, 
and disorganization of behavioral states) reported in 
the literature is supported by our results. Additionally, 
we have observed altered behavior in those fetuses ex- 
posed to cocaine in utero. These data are in concert 
with the concept that cocaine alters central nervous 
system development. Fetal neurobehavioral assessment 
may serve as a useful screening test for intact neuro- 
development. 


We thank Mrs. Mary Wade and Ms. Judi Goss for 
their assistance in the preparation of this manuscript. 
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In utero diagnosis of benign fetal macrocephaly 


Robert DeRosa, MD, Roger R. Lenke, MD, Thaddeus W. Kurczynski, MD, 
Wayne H. Persutte, BS, RDMS, and Joanne M. Nemes, RNC, BSN" 


Toledo, Ohio 


Benign familial macrocephaly is an autosomal dominant disorder associated with a large absolute 
circumference of the head. In this disorder serial growth demonstrates a proportional rather than an 
excessive rate of growth. To date, we are not aware of any published case reports that confirm the diagnosis 
prenatally. We report a case of benign familial macrocephaly diagnosed in utero by ultrasonographic 
evaluation. This case report points out the necessity of combining appropriate family history and physical 
examination in cases of prenatally detected anomalies. (Am J OBsTET GYNECOL 1989;161:690-2.) 


Key words: Prenatal diagnosis, benign familial macrocephaly 


Macrocephaly is defined as an occipitofrontal head 
circumference >2 SDs above the mean or above the 
98th percentile for chronologic age.*? Macrocephaly 
may be associated with hydrocephalus; neurocutaneous 
syndromes such as neurofibromatosis, multiple lipo- 
mas, and hemangiomas (Bannayan-Zonana syndrome), 
multiple hemangiomas (Riley-Smith syndrome); or be- 
nign familial macrocephaly. Benign familial macroce- 
phaly is a common autosomal dominant trait in which 
the absolute circumference of the head is large, but 
serial measurements show a proportional rather than 
an excessive rate of growth.’ It often occurs in normal 
individuals without demonstrable neurologic abnor- 
malities.' We report a case of benign familial macro- 
cephaly diagnosed in utero by a combination of pre- 
natal ultrasonographic evaluations and family history. 
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Case report 


The patient was a 21-year-old white woman, gravida 
2, para 0, living children 0. Her previous laboratory 
evaluations included a blood type of AB, rhesus neg- 
ative, a normal maternal serum a-fetoprotein level at 
16 weeks’ gestation (0.94 multiples of the median) 
and normal glucose tolerance test results at 30 weeks’ 
gestation. Pregnancy dating was confirmed by an ac- 
curate last menstrual period and early pelvic exami- 
nation at 12 weeks’ gestation. Correct gestational age 
was also confirmed by an ultrasonographic evaluation 
at 21 weeks’ gestation. This initial examination showed 
ne discrepancy between head circumference (190 mm 
for 21.3 weeks’ gestation), biparietal diameter (52 mm 
for 21.8 weeks’ gestation), abdominal circumference 
(166 mm for 21.6 weeks’ gestation), femur length 
(34 mm for 20.7 weeks’ gestation), and humeral length 
(33 mm for 21.3 weeks’ gestation). An ultrasonographic 
evaluation at 32 weeks’ gestation was obtained because 
of a history of vaginal bleeding. Fetal measurements 
were as follows: biparietal diameter 96 mm (39 weeks’ 
gestation); abdominal circumference 341 mm (38 
weeks’ gestation); femur length 64 mm (33 weeks’ ges- 
tation); tibial length 58 mm (34 weeks’ gestation). 
There was no evidence of fetal ascites or skin edema. 
The fetal lateral ventricle/hemispheric ratio was nor- 
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Fig. 1. Transverse view of fetal head at 33 weeks’ gestation. 


No visible structural anomaly. (Lateral ventric le/ hemispheric 
ratio is 31%.) 


mal (31%) (Fig. 1). No other fetal abnormalities were 
identified. There was no evidence of placenta previa 
or abruptio placentae. 

Physical examination of the patient showed a mater- 
nal height of 4 feet 11 inches and weight of 211 pounds. 
Maternal head circumference was 61 cm (>98th per- 
centile). No other abnormalities were noted on physical 
examination. Review of the patient's family history re- 
vealed several maternal half-sisters of approximately 
the same height who were also reported to have “large 
heads.” Physical examination of the patient’s mother 
also revealed a head circumference of 61.2 cm (>98th 
percentile). Unfortunately, no other relatives were 
available for physical examination. 

On the basis of this information, a diagnosis of benign 
familial macrocephaly was made. A follow-up ultrason- 
ographic evaluation at 36 weeks’ gestation showed a 
biparietal diameter of 102 mm (>40 weeks’ gestation); 
head circumference of 369 mm (>40 weeks’ gestation); 
abdominal circumference of 368 mm (>40 weeks’ ges- 
tation); femur length of 72 mm (37 weeks’ gestation); 
and fetal intracranial anatomy was normal with a lateral 
ventricle/hemispheric ratio of 29%. 

The patient had suspicious antepartum test results 
at 39 weeks’ gestation and an oxytocin induction was 
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Fig. 2. Computerized axial tomography scan of infant’s head 


at 8 months of age. No visible intracranial anomaly 


performed. The patient had a normal spontaneous vag- 
inal delivery of a 4190 gm male infant with Apgar 
scores of 9 at both 1 and 5 minutes. 

Evaluation of the infant at birth showed a head cir- 
cumference of 37.5 cm (98th percentile) and a body 
length of 53 cm (90th percentile). No other physical 
abnormalities were detected. Follow-up evaluation of 
the infant at 6 months of age showed a normal neu- 
rologic evaluation but persistent macrocephaly. The 
head circumference was at the 98th percentile, and 
body length was at the 75th percentile with weight at 
the 90th percentile. A computerized axial tomography 
scan performed at 8 months of age did not show ab- 
normalities (Fig. 2). 


Comment 

Our patient was initially referred to our facility with 
a diagnosis of possible fetal hydrocephaly. Our ultra- 
sound evaluation confirmed an enlarged fetal head but 
found a normal relationship between the fetal ventri- 
cles and head size. The enlarged fetal head raised the 
possibilities of fetal macrocephaly versus fetal macro- 
somia, or possibly a combination of both. 


In the obstetric literature, macrosomia is often de- 


692 DeRosa et al. 


fined as a birth weight >4000 gm.’ The in utero dia- 
ganosis is often made on the basis of a disproportion- 
ately large fetal abdominal circumference. In the pres- 
ent case, the infant had an abdominal circumference 
that was consistently large for dates. The birth weight 
was also >4000 gm. Thus, by definition, the infant was 
macrosomic. Previous publications, though, have not 
shown macrosomia to be associated with macrocephaly.° 
There was also a discrepancy between the fetal head 
size and long-bone measurements. Because this is the 
first reported case of prenatally diagnosed benign fa- 
milial macrocephaly, one cannot say that infants with 
this condition will or will not be macrosomic. 

There have been several case reports of benign fa- 
milial macrocephaly published, but in all these previous 
cases the diagnosis was made after delivery." ** To our 
knowledge, this is the first reported case of prenatally 
diagnosed benign familial macrocephaly. The benign 
nature of this diagnosis points out the necessity of ob- 
taining an appropriate family history when ultrason- 
ographic evaluation shows possible fetal abnormalities. 
The presence of known benign familial macrocephaly 
in either parent should alert the obstetrician and the 
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ultrasonographer to look for this finding in the fetus. 
Only careful follow-up examinations will serve to dis- 
tinguish this condition from other more serious dis- 
orders. If one does not include this benign condition 
in the initial differential diagnosis of an enlarged head, 
then one may cause undue anxiety for the patient. 
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Rapid determination of fetal sex by deoxyribonucleic acid 
amplification of Y chromosome-specific sequences 


Thomas L. Pinckert, MD, Roger V. Lebo, PhD, and Mitchell S. Golbus, MD 


San Francisco, California 


Rapid fetal sex tests use either dot blot hybridization to Y chromosome-specific (male) repeat sequences 
or polymerase chain reaction deoxyribonucleic acid amplification of these Y-specific sequences. We have 
performed 35 fetal sex determinations, 16 by dot blot alone, 13 by polymerase chain reaction alone, and 6 
by dot blot and polymerase chain reaction on samples of fetal blood, amniotic fluid, and chorionic villi. All 
results have been confirmed by karyotyping. Dot blots have given false-positive “male” results three times. 
In contrast, the polymerase chain reaction has correctly determined fetal sex in every case, even when the 
dot blot was in error. The Y-specific polymerase chain reaction has been applied to fetal deoxyribonucleic 
DNA with a chromosome 15; Y translocation to identify the origin of the translocated material. Thus the 
polymerase chain reaction appears to be a reliable method to rapidly determine fetal sex that also can be 
used diagnostically to identify translocated Y-chromosomal material. (AM J OssteT GYNECOL 1989; 


161:693-8.) 


Key words: Y chromosome, DNA amplification, polymerase chain reaction 


Prenatal determination of fetal sex is extremely im- 
portant in the management of X-linked disorders.! 
Duchenne and Becker muscular dystrophy, hemophilia 
A and B, and the Lesch-Nyhan syndrome are among 
the 139 X-linked phenotypes in which fetal sex is an 
important factor in counseling. Previously, fetal sex de- 
termination relied on karyotyping amniocytes or cho- 
rionic villus cells. Standard karyotyping depends on 
obtaining multiple high-quality metaphases from cells 
cultured for days to weeks before analysis. Because 
karyotyping without tissue culture is not always defin- 
itive, efforts have been made to develop a prenatal sex 
test that is rapid, specific, and can be performed early 
in gestation. 

The dot blot test developed by Lau? was used by our 
laboratory as an adjunct to karyotyping as part of our 
protocol to prenatally diagnose fetuses at risk for X- 
linked diseases. We used the dot blot protocol to test 
for repetitive sequences on the terminal portion of the 
long arm of chromosome Y. Repeated sequences are 
very useful to test small quantities of deoxyribonucleic 
acid (DNA) because the signal is amplified the number 
of times the sequence is repeated. Because the cloned 
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3.4 kb Hae III sequence hybridizes to approximately 
2000 homologous sequences on the Y chromosome, 
small quantities of DNA can be tested without purifi- 
cation. A cloned Alu sequence hybridizes to approxi- 
mately 300,000 homologous Alu sequences located 
ubiquitously throughout the genome. Alu is used as a 
control to establish that DNA has been recovered and 
applied to each dot (Fig. 1). 

Subsequently DNA amplification of Y-chromosome— 
specific sequences was developed by Kogan et al.’ The 
polymerase chain reaction protocol repeats a series of 
DNA denaturing, annealing, and elongation cycles 35 
times (Fig. 2). This amplification synthesizes thousands 
of unique length copies of each original strand. This 
procedure has been used to diagnose sickle cell anemia‘ 
and B-thalassemia’ with the use of primers that rec- 
ognize and amplify unique gene sequences. The pro- 
tocol has also been used to detect human immunode- 
ficiency virus in peripheral blood lymphocytes? and is 
being applied to the detection of other viruses. We 
tested both the dot blot and polymerase chain reaction 
protocols on a series of pregnancies at risk for a fetus 
with an X-linked disease. 

Chromosomal translocations in fetal cells have dif- 
ferent implications depending on which translocated 
chromosomal regions remain and where the break- 
points occur. If extra chromosomal material results 
from a translocation, these regions generally carry ac- 
tive genes that make the cell aneuploid for those genes. 
Reciprocal translocations themselves carry a low but 
real risk because the correct number of genes is main- 
tained and breaking and rejoining usually occur be- 
tween active gene regions but may occur within genes 
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Fig. 1. Dot-blot analysis of Y-specific repeats. Male DNA hybridizes specifically to the probe (top) 
while female DNA hybridizes weakly (bottom). Unknown villus DNA is female. Alu probe hybridizes 
to ubiquitous DNA repeats and acts as a control to demonstrate the presence of DNA in each sample. 
The dot in the lower left was used to orient the autoradiograph. 


and alter gene function. Ideally, the precise rearrange- 
ment is identified by chromosome banding or by gene 
mapping to determine as accurately as possible the risk 
to the fetus. Herein we describe testing fetal DNA from 
an ambiguous karyotype for the presence of Y-repet- 
itive chromosomal material to clarify the risk to the 
fetus. 


Material and methods 


Dot blot analysis. Cells from 1.0 ml of amniotic fluid 
or two chorionic villi are centrifuged and resuspended 
in 20 pl 0.1N sodium hydroxide—2 mol/L sodium chlo- 
ride and 0.5% sodium dodecyl sulfate to disrupt the 
cells. After vortex mixing, the pellet is boiled 2 minutes 
at 100° C to complete DNA denaturation. Cellular de- 
bris is separated by Eppendorf centrifugation for 2 
minutes. The supernatant is dotted onto nitrocellulose 
filter paper, dried, baked, prehybridized, and then hy- 
bridized to cloned Y-specific 3.4 kb Hae III fragments 
or ubiquitous repetitive Alu DNA probe overnight at 
41° C in 50% formamide. The next morning the filters 
were washed and autoradiographed for 2 hours ac- 
cording to Lau? (see Fig. 1 for results). 

Polymerase chain reaction amplification. DNA is 
prepared and denatured from amniocytes or chorionic 
villi as above. Samples of approximately 0.5 wg male 
and female DNA are included as controls. The re- 
action mix consists of denatured DNA, 25 pmol each 
of two Y-specific oligonucleotide primers,’ 1.5 mmol/L 
of each deoxynucleotide triphosphate, 5 U Taq poly- 
merase, 67 mmol/L Tris hydrochloride (pH 8.8), 16.6 
mmol/L ammonium sulfate, 6.7 mmol/L magnesium 


chloride, 6.7 mmol/L ethylenediaminetetraacetic acid, 
and 170 pg/ml bovine serum albumin.’ A control re- 
action mix is included in which 25 pmol each of both 
Alu oligonucleotide primers has been substituted for 
the Y-specific primers. Samples are amplified for 35 
cycles on a Perkin-Elmer/Cetus instrument. Samples 
are denatured initially for 2 minutes at 94° C. The 35 
cycles each include a 30-second denaturation step at 
92° C, a 25-second annealing step at 40° C, and a 25- 
second elongation step at 65° C. The amplified reaction 
mix is loaded on 12% polyacrylamide gel and electro- 
phoresed for approximately 2 hours at 100 V. The 
separated DNA fragments are visualized by staining 
with ethidium bromide and destaining before photog- 
raphy (see Fig. 2). 

Biquinacrine staining. Mounted G-banded chro- 
mosome slides were recovered by dissolving the mount- 
ing medium in xylene. Slides were then stained in 
0.002% biquinacrine hydrochloride for 3 minutes and 
destained in running distilled water 4 minutes. 


Results 


The dot blot protocol was applied to 22 samples. 
Usually male DNA hybridizes more intensely to the 
3.4 kb Y probe than control female DNA to unambig- 
uously establish the sex of the DNA tested. However, 
in 3 of 22 cases the homologous repetitive sequences 
on the autosomes hybridized sufficiently to the repet- 
itive Y-chromosomal DNA probe to give a “false-posi- 
tive” or apparent male signal in fetal female DNA. 

In the polymerase chain reaction test DNA is ampli- 
fied with primers that synthesize male-specific 150 bp 
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fragments, different length autosomal fragments (Fig. 
3, left), and repeated multiple length Alu repetitive 
sequences in the control reaction (Fig. 3, right).° 
We have used this protocol to analyze six samples 
tested by dot blot including the three that gave false- 
positive results, as well as 13 additional samples tested 
by the polymerase chain reaction alone. In each case 
the polymerase chain reaction gave the correct result. 
All results were verified by karyotyping. The polymer- 
ase chain reaction method routinely gave results in | 
or 2 working days and required less effort than the 
dot-blot method. 

We have also applied this technique to identify the 
chromosomal origin of an extra chromosome fragment 
translocated to the short arm of chromosome 15 in an 
XX fetus (Fig. 4). Giemsa banding showed that this 
chromosome segment was heterochromatic and prob- 
ably derived from chromosome 1, 9, 16, or Y. The 
portion of chromosome 15 deleted by the translocation 
carries ribosomal genes that are duplicated in the other 
nine acrocentric chromosomes so that this deletion 
would not be detrimental. DNA from the cultured cells 
was extracted and tested by the polymerase chain reac- 
tion. An amplified 150 bp Y-specific DNA fragment was 
identified in the fetal DNA (data not shown). Dot blot 
analysis was consistent with this finding. This result 
established that the extra chromosomal fragment was 
from the Y-chromosome heterochromatin, a reas- 
suring finding. To further confirm this result, we 
used biquinacrine stain to restain chromosomes that 
had been banded with Giemsa. Enhancement of the 
repetitive Y-chromosome region fluorescence is several 


Fig. 2. Polymerase chain reaction scheme. A —> B, Double- 
stranded DNA is denatured by high temperature (90° C for 
2 minutes) into two single strands. B, The temperature is low- 
ered to allow sequence-specific primers to stick (anneal) to 
highly homologous DNA segments. C, The original denatured 
DNA strands act as the elongation templates to extend the 
primers. Nucleotides and DNA polymerase are added to the 
primers to synthesize complementary DNA strands. Two 
primers are required to direct DNA synthesis because the DNA 
polymerase moves only in a 5' — 3' direction and both strands 
must be primed. This step synthesizes two copies of the chro- 
mosomal region of interest. The duration of elongation de- 
termines the length of the synthesized fragments. D > E, In 
turn, these two double-stranded daughter copies are dena- 
tured, reannealed, and elongated to form four new copies of 
double-stranded DNA (again only in the chromosomal region 
of interest). Note that these include the two original gene 
strands, four longer amplified copies that extend beyond the 
reverse primer recognition site, and two unique length am- 
plified copies. E > F, By repeating this process the next cycle 
yields the two original gene strands, six longer amplified cop- 
ies, and eight unique length amplified copies. This process is 
repeated multiple times to logarithmically increase the num- 
ber of unique length sequences. 
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CONTINUE UNTIL 35 CYCLES HAVE BEEN COMPLETED 


Fig. 2. For legend see left-hand column. 


times greater with biquinicrine than with quinacrine. 
As expected, the Y-chromosome-specific region trans- 
located to the short arm of 15 stained very brightly 
(Fig. 5). This result further confirmed the polymerase 
chain reaction result that repetitive Y-chromosome se- 
quences were carried by this patient. The gene for the 
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Fig. 3. Photograph of polyacrylamide gel electrophoresis illustrating the polymerase chain reaction 
protocol. Lanes / to 5 were amplified with Y-chromosome repeat primer and lanes 6 to 10 with 
ubiquitous repetitive Alu primer to verify DNA amplification in each sample. Lane / is control 
female DNA from lymphocytes, lane 2 is control male DNA from lymphocytes, lane 3 is unknown 
amniocyte DNA (female), and lanes 4 and 5 were a chorionic villus DNA sample (female) tested in 
duplicate. Note the bright Y-specific band identified in lane 2. 
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Fig. 4. Giemsa-banded chromosome analysis. One translocated chromosome 15 (T) has a G-positive 
segment translocated to the short arm while the other chromosome 15 (15) is normal. Since Giemsa 
banding does not distinguish the origin of this extra chromosomal material, this karyotype desig- 
nation is 46,XX, — 15, + t(15;?)(p13;?). 


testis-determining factor has been reported to be on interpret these data to indicate that the extra Y- 
the short arm of the Y chromosome. A sonogram of chromosome material in this female fetus represents a 
the fetus was consistent with female genitalia. We minimal phenotypic risk. 
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Fig. 5. Biquinacrine-banded chromosome analysis. The translocated chromosome 15 indicated by 
the arrow carries a brightly staining chromosome region typical of the inactive repetitive region of 
the Y chromosome. This result confirms that the karyotype is 46,XX,— 15, +t(15; Y)(p13;q12). 


Comment 

Polymerase chain reaction is a rapid and sensitive 
method to analyze a specific DNA sequence. Sequence- 
specific oligonucleotide primers are extended by Taq 
polymerase isolated from Thermus aquaticus. Because 
this bacterium grows well in hot springs, all of its en- 
zymes have adapted to become heat resistant. Thus 
DNA can be denatured repeatedly at high temperature 
in the presence of Taq polymerase without destroying 
polymerase activity. In addition, improved fidelity is 
maintained during elongation at higher temperatures. 
(See Fig. 2 for further details.) Polymerase chain re- 
action has been applied to analyze the DNA contained 
in as little as 10 yl of amniotic fluid,’ a single chorionic 
villus (our laboratory), or a single cell equivalent’ (our 
laboratory). The amount of DNA needed for poly- 
merase chain reaction is small enough that an amnio- 
centesis sample or chorionic villus sample is sufficient 
for both polymerase chain reaction and any other cy- 
togenetic or biochemical test required. The test is rapid 


because the DNA polymerase generates thousands of 


duplicate fragments in hours. The amplification is not 
only quite efficient (50% to 90% duplication per cycle) 
but highly specific as it amplifies the sequences repre- 
senting only 0.04% of the total DNA added to the re- 
action mix. 

In contrast to the specificity of polymerase chain re- 
action, the dot blot test originally used for fetal sex 
determination gave false-positive results on three oc- 


casions. The dot blot assay depends on the quantitative 
hybridization of the Y-repetitive probe to Y-specific se- 
quences. However, cross hybridization to autosomal se- 
quences in female DNA decreases the ability to differ- 
entiate a male-specific signal. Repeat sequences located 
immediately beneath the centromere on chromosome 
15 have been found to hybridize to the Y-repetitive 
probe at the assay conditions used. The size of this 
chromosome 15 region has been demonstrated to be 
normally variable by DIPI [4',6-bis(2’-imidazolinyl-4' - 
5'H)-2-phenylindole] staining of distamycin A—stained 
chromosomes’ and confirmed by flow analysis of chro- 
mosomes." The heterochromatic region of chromo- 
some Y is also known to vary substantially in size in 
normal men. Differentiating two large chromosome 15 
repeat sequence regions in a female from a small het- 
erochromatic Y-chromosome region can be difficult. 
These normal variations in size probably account for 
the false-positive results. 

The application of polymerase chain reaction is un- 
complicated and in most cases generates a result in 4 
to 6 hours. The utilization of heat-stable Tag poly- 
merase and a programmable polymerase chain reaction 
machine minimizes laboratory effort and makes this 
assay routine. The ability to obtain a rapid, accurate 
sex determination allows families at risk for an X-linked 
disease more time to make decisions regarding the fe- 
tus. It also reduces pressure on laboratory personnel 
with a heavy workload who need to prioritize diagnostic 
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tests. These characteristics make polymerase chain re- 
action sex testing an ideal tool for prenatal studies. 
Future applications of this technique will be limited 
only by the number of genes cloned and sequenced 
and by the imagination of the investigators studying 
them. 


We thank Robert Flandermeyer for biquinacrine 
staining, Dr. Steven Schonberg for Giemsa-banded 
karyotypes, and Drs. James Goldberg and Robert An- 
derson for patient's samples. We thank C. C. Lin for 
his generous gift of biquinacrine hydrochloride. 
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“Possibly” de novo translocations: Prenatal risk counseling 


E. Robert Wassman, MD, Debra L. Cheyovich, DrPH, and Yasunori Nakahara, MD 


Pasadena, California 


De novo rearrangements incidentally found at prenatal diagnosis may carry an increased risk of abnormal 
outcome. Situations in which the paternal chromosomes cannot be analyzed (e.g., artificial insemination, 
nonpaternity, deceased or otherwise unavailable father) are only “possibly” de novo. In our series of 
23,495 prenatal diagnoses we unexpectedly found 67 balanced translocations. Of these, 26 were 
Robertsonian and 41 were reciprocal. A total of 45 (67%) of these translocations were inherited, and 19 
(28%) were apparently de novo. Inherited translocations were maternal in 25 cases (55%) and paternal in 
20 cases (45%). Follow-up was available in 87% overall, and revealed abnormal outcomes in 2/15 

de novo cases, and 2/38 inherited cases. We suggest that 10% may be a reasonable estimate of risk for 
de novo translocations found at prenatal diagnosis. Given the observed distributions of inherited cases, a 
lower risk of abnormal outcome should be counseled in “possibly” de novo cases. (Am J OBSTET GYNECOL 


1989;161:698-702.) 


Key words: De novo translocations, prenatal diagnosis, paternity 


The occurrence of mental retardation or malfor- 
mations in persons with apparently balanced translo- 
cations has been well documented." °? The excess of such 
translocations that are de novo in populations of the 
mentally retarded,*** as compared with general new- 
born surveys®’ has suggested that such noninherited 
rearrangements are the cause of the impairment in 
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those individuals. Submicroscopic chromosome loss, 
position effect, and breakpoint site mutations have 
been suggested as plausible hypotheses to explain this 
observation.’ 

The widespread use of prenatal cytogenetic diagnosis 
for advanced maternal age and other indications*® has 
predictably lead to numerous cases of incidental de- 
tection of apparently balanced translocations in the fe- 
tus. This finding requires parental chromosome anal- 
ysis and accurate genetic counseling. Generally, trans- 
locations inherited from a normal parent have been 
considered to carry little or no inherent risk of ab- 
normal outcome. However, on the basis of the surveys 
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cited previously, de novo rearrangements have been 
considered to carry an increased risk that remains 
poorly defined despite Warburton’s (1984)’° collabo- 
rative study of such cases. 

Situations in which the paternal chromosomes cannot 
be analyzed can further confound the genetic coun- 
seling. Artificial insemination, nonpaternity, death of 
the father, parental separation, non-pair-bonded cou- 
pling, and extended travel may all be potential causes 
for the problem of the “possibly” de novo translocation. 
Experience with several such cases and the belief that 
they should be counseled at a lower risk than that for 
established de novo cases prompted us to review our 
experience in a private prenatal diagnostic center. 

We have used detailed information on the 67 ap- 
parently balanced translocations found incidentally 
among 23,495 consecutive prenatal cytogenetic studies 
at The Genetics Institute between 198] and 1987, and 
conducted follow-up surveys on those cases. These data 
are compiled with other similar series to attempt to 
obtain a reasonable calculation of the risk of abnormal 
outcome. 


Material and methods 


The Genetics Institute is a private practice of medical 
genetics including prenatal diagnosis and other clinical 
and laboratory services. All records of The Institute’s 
cytogenetic laboratory in Pasadena, California, were 
systematically reviewed and compiled from its founding 
in 1981 through the end of 1987. 

Approximately 25% of referrals use the Institute as 
a reference laboratory, whereas the remainder repre- 
sent cases from our clinics. Cases are routinely analyzed 
with quinacrine dihydrochloride fluorescence banding 
by established methods.'' A maternal blood sample is 
cultured along with each case and analyzed when 
needed.” For this study, all cases in which a nonmosaic 
apparently balanced translocation was found were re- 
viewed in detail. Cases in which an unbalanced rear- 
rangement was found were not considered, nor were 
cases in which the indication for amniocentesis was for 
a known familial translocation. A total of 67 cases of 
such incidentally found balanced translocations were 
encountered among the 23,495 prenatal diagnoses re- 
viewed. The parental chromosome analyses were sim- 
larly reviewed and the cases were divided into three 
categories—-inherited, de novo, and unknown. 

No infants cr abortuses were examined by the au- 
thors in this process. Systematic telephone follow-up 
with regard to malformations and developmental mile- 
stones with either the delivering obstetrician, subse- 
quent pediatrician, or patient was attempted in all cases 
in addition to our routine postnatal follow-up form 
requested from referring physicians. Cases were con- 
sidered for outcome classification based on the status 
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Table I. Distribution of balanced 
translocations incidentally found 
at amniocenteses 


Maternal | Paternal | De novo | Unknown | Total 





Reciprocal 15 11 13 2 41 
Robertsonian 10 9 6 l 26 
TOTAL 25 20 19 3 67 





at the point of longest follow-up. Therefore in a case 
in which difficulties were encountered at term but the 
infant subsequently demonstrated normal growth and 
development and was without malformations noted, 
the outcome was considered normal. 


Results 


In our series of 23,495 prenatal diagnoses (mean 
age = 36.6 years), 67 balanced nonmosaic transloca- 
tions were incidentally found. Only 12 additional in- 
stances of balanced translocations were found in pa- 
tients referred because of a known familial balanced 
translocation, and these were excluded from the pres- 
ent study. The primary indication for amniocentesis 
(47/67) was advanced maternal age. The mean mater- 
nal age for inherited and de novo cases were 34.7 years 
old and 35.5 years old, respectively. Five patients 
were referred because of abnormal maternal serum a- 
fetoprotein results——four high and one low. Three 
cases were from twin gestations; one of which was 
dizygotic based on discordance of the translocation 
finding. 

Of the 67 translocations studied, 26 were Robertson- 
ian and 41 were reciprocal. A total of 45 (67%) of the 
translocations were inherited from a parent and 19 
(20%) were presumed to be de novo on the basis of 
parental chromosome studies (Table I). Inherited 
translocations were from the mother in 25 instances 
(55%) and from the father in 20 instances (45%). 

The Robertsonian translocations were predomi- 
nantly (73%) 13q14q, of which 26% were de novo. The 
next most frequent Robertsonian translocations were 
14q21q (three cases) and 14q15q (two cases). Only the 
13q22q and 15q21q possible Robertsonian combina- 
tions were not observed. No X-autosome translocations 
were observed in this series. Other cytogenetic abnor- 
malities were seen in five cases: two cases of pericentric 
inversion of chromosome 9: two of trisomy 21; and one 
of trisomy 18. 

Follow-up information was available in 87% of all 
cases (58/67), and 95% of de novo cases (18/19). In 
the inherited group, aside from two cases terminated 
because of a concomitant trisomy found, no elective 
terminations of pregnancy occurred. Of the remainder 
of the familial cases, one infant who was apparently 
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Table II. Follow-up: De novo and unknown cases 
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De novo Outcome 

t(10;18) Normal 3 yr female 

(8;15) Normal 3 yr female 

(3316) Normal 8 mo male 

t(15;17) Elective abortion because of trisomy 21 

t(2;14) Norma! 7 mo male; placental defect, 
abruptio placentae, disseminated in- 
travascular coagulation at birth 

(3320) Normal 6 mo male; mild micrognathia 
at birth 

(6322) Normal newborn male 

t(15;19) Normal newborn 6 Ib 13 oz male’ 


t(4;8) Elective abortion 

t(4;16) Normal 3 yr female 

t(1;11) Normal newborn male 
t(1;13) Normal newborn 8 lb female 


t(6;8) ` No data 

t(13q14q) Normal 3 % yr male 

t(13q14q) Elective abortion because of neural 
tube defect 

t(13q14q) Elective abortion 

t(14q21q) Normal newborn 8 Ib 6 oz male 

t(13q14q) Normal 7 mo male 

t(13q14q) Fetal death; Rh factor sensitization(?) 





normal at birth subsequently had developmental delay, 
and another had ascites detected prenatally and was 
born prematurely with intrauterine growth retarda- 
tion, hepatosplenomegaly, and ascites, presumably all 
of viral etiology. 

In the de novo group (Table II), two patients elected 
to terminate their pregnancies without abnormalities 
noted by ultrasonography. Fetal examinations were not 
possible in these patients. One patient terminated the 
pregnancy because of a concomitant finding of trisomy 
21. Another patient underwent an elective abortion be- 
cause of a neural tube defect detected by ultrasonog- 
raphy and a-fetoprotein analysis. A single fetal death 
occurred that reportedly was a result of rhesus factor 
sensitization. Of infants carried to term, we have spe- 
cific follow-up data for =3 years in four cases and 6 
months to 1 year in four more cases, without any ab- 
normal outcomes noted. One case with a placental de- 
fect detected by ultrasonography and abruptio placen- 
tae disseminated intravascular coagulation at term, has 
subsequently done well, and another with mild micro- 
gnathia at birth has similarly developed normally. 

Normal follow-up results were available on two thirds 
of the “possibly” de novo cases. 


Comment 

The incidental detection of an apparently balanced 
chromosomal rearrangement at prenatal diagnosis can 
be extremely discomforting to a patient who expects 
“clear cut” normal results versus abnormal results. The 
reassuring value of finding the same structural aber- 
ration in a parent is immeasurable. Uncertainty clearly 
remains in cases of de novo rearrangements and in 


Unknown Outcome 

t(14q15q) Normal newborn 6 Ib 15 oz male 
t(13;14) No data 

t(15;20) Normal 8 yr female 


situations in which the father or rarely both parents 
cannot be studied. Unavoidable circumstances, social 
situations in present-day society, and increased use of 
artificial insemination donors may be expected to in- 
crease the number of such “possib:y” de novo cases, 
and it is necessary to provide a reasonable approach to 
counseling in these situations. We therefore conducted 
this follow-up survey from a single very large center 
and compiled it with comparable data from the liter- 
ature to attempt to provide such information. We fo- 
cused solely on translocations; however, similar prob- 
lems arise with other types of chromosomal rearrange- 
ments and rare variants, 

In our prenatal diagnosis population we found a rate 
of presumed de novo translocations of 0.8: 1000. This 
is slightly higher than the previously reported rates 
from amniocenteses.'*"5 This may reflect the more com- 
plete ascertainment of parental carriers than is possible 
in collaborative studies, '* and the larger. numbers in 
our series than in previous single center studies." This 
rate is twofold to threefold higher than that observed 
in newborn surveys.’ Inasmuch as the mean age of 
our de novo group (35.5 years) is advanced and com- 
parable to our prenatal diagnosis population (36.6 
years), this may support a previous suggestion that the 
rate of de novo translocations is maternal age— 
dependent." 

Itis of interest that none of our patients was referred 
because of a primary indication of exposure to potential 
teratogens or mutagens. This category was represented 
in excess in the series reviewed by Hook et al.’ How- 
ever, four cases of our 67 patients were referred be- 
cause of elevated maternal serum a-fetoprotein values. 
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Table III. Clinical outcomes of incidentally discovered balanced translocations 














Reference Total cases 
Present study 23,495 37 
Vejerslev and 5,547 14 
Friedrich” (1984) 
Nielsen and Krag- 11,148 24 
Olsen’ (1931) 
Warburton” (1984) 76,952 = 
117,142 75 


TOTAL 





Overall, the number of referrals because of abnormal 
maternal serum a-fetoprotein values are increasing as 
this test and ultrasonography are used as noninvasive 
indices of fetal abnormality and replace some of the 
older indications as the primary reason for referral." 
In 1987, 14% (8/22) of our incidental balanced trans- 
locations were referred because of high maternal serum 
a-fetoprotein values, whereas only 3.9% of the total 
referrals in that year were because of this reason. Only 
one of our four cases was a de novo translocation, which 
corresponds with the percentage of de novo cases in 
our total population (28%). 

Although the numbers are too small for meaningful 
statistical analysis, we observed a possible excess of bal- 
anced translocations in trisomic fetuses, Two cases of 
trisomy 21 were observed and one case of trisomy 18. 
One of the cases was concomitant with a de novo re- 
ciprocal translocation, whereas the other two cases were 
with a maternally derived reciprocal translocation and 
a paternally derived Robertsonian translocation, re- 
spectively. Two cases were also seen in which a peri- 
centric inversion of chromosome 9 was found; however, 
in neither case was this variant inherited from the same 
parent as the translocation. 

Our distribution of translocation types (Robertson- 
ian/reciprocal = 0. 63) is intermediate between pre- 
vious amniocentesis series (Robertsonian/ reciprocal = 
0.25)! and newborn surveys (Robertsonian/recipro- 
cal = 1. 03).67 Reasons for the differences are unclear. 

Our series reflects a slight excess of maternally 
derived rearrangements among the inherited trans- 
locations, which is more so within the reciprocal 
rearrangements (mat/pat = 1.36) than Robertsonian 
(mat/pat = 1.11). This is also comparable to previous 
observations.®™ !*1 All but one of our reciprocal trans- 
locations would be expected to generally segregate 
2:2, and the slight skew toward maternal carriers here 
is very close to that observed by Daniel etal.” in relation 
to unbalanced progeny. 

The mutation rate for Robertsonian rearrangements 
was lower (23% versus 38%) than that observed by 
Hook et al.,“ but our rate for reciprocals matched theirs 
closely 81% versus 29%, respectively). 






Inherited De novo 


Abnormal 


2 13 2 
0 2 1 
3 5 0 
— 53 4 
5 73 7 


Follow-up data on balanced translocations found at 
prenatal diagnosis have been difficult to obtain. The 
presumption is often made that familial rearrange- 
ments should not differ from the general population. 
Warburton” used a collaborative series to evaluate the 
outcome of ċases of de novo structural rearrangements 
found at amniocenteses. An excess of abnormalities was 
suggested by Warburton’s study but not on the order 
of magnitude seen in selective population surveys.”™* 
This evaluation was limited by the still relatively small 
numbers involved and the limited duration of follow- 
up. An upper limit of risk of 14% for any type of 
balanced structural rearrangement was suggested by 
Warburton.’ We have been able to obtain specific 
follow-up data on 95% of our de novo balanced trans- 
locations, of which nearly one third were =3 years old 
and another one third were =6 months old. Combi- 
nation of our follow-up data with that on translocations 
only from Warburton’s study already cited, a smaller 
single-center prenatal study,’ and a consecutive new- 
born series from Denmark’ allowed analysis of 158 
translocations culled from 93,647 cases (Table ITI). 
Only five abnormal outcomes were noted among 80 
inherited translocations, and only seven among 80 
de novo cases. These rates are not significantly different 
from one another by x? analysis or from a conservative 
estimate of the expected frequency of abnormality in 
the general population of 3% to 4%. 

‘It appears that with careful follow-up the majority 
of cases of balanced translocations incidentally found 
at amniocentesis can be determined to be either inher- 
ited or de novo. Despite this, delays in the procurement 
of samples can be as problematic as total nonavailability 
of samples. To preclude the problems discussed herein, 
we strongly urge cytogenetic and other genetic screen- 
ing in proposed anonymous artificial insemination 
donors. 

The pooled data suggest that for known de novo 
translocations, the risk for abnormal outcome is not 
significantly greater than that of the inherited group, 
nor the general population; however, complete long- 
term developmental follow-up of such cases remains 
limited, Certainly, the experience with population stud- 
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ies of the retarded** suggest caution in counseling of 
these seemingly nonsignificant risks. It remains possible 
that some additional biasing factor is responsible for 
the differences observed, and that a subgroup of pre- 
natally detected cases may have comparable risk levels. 
After careful ultrasonographic evaluation has proved 
normal, we recommend that a maximum risk of 10% 
be used for such cases, and that the risk is roughly one 
half of that figure for “possibly” de novo cases because 
of paternal nonavailability. Given the similarity between 
outcome in inherited and de novo cases we do not rec- 
ommend further pursuit of possibly false paternity in 
de novo cases. 


We thank the entire staff of The Genetics Institute, 
its ‘referring physicians, Helen Hamaguchi, RN, Sonia 
Martinez, MD, and Anita Yousoofian for their assis- 
tance in the study and preparation of this manuscript. 
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Amniotic fluid acetylcholinesterase ratios in prenatal diagnosis 


of fetal abnormalities 


JoAnn C. Kelly, PhD, Elizabeth Petrocik, and E. Robert Wassman, MD 


Pasadena, California 


This study examined 141 pregnancies with acetylcholinesterase in the amniotic fluid to determine if an 
acetylcholinesterase.‘pseudocholinesterase ratio cutoff could be set to distinguish between neural tube 
defects, ventral wall defects, other fetal defects, and pregnancy problems. Amniotic fluid specimens 
with positive or faintly positive acetylcholinesterase bands were studied. They were scanned and 
analyzed for the acetylcholinesterase/ pseudocholinesterase ratio. In 62 of 65 fluid samples from open 
neural tube defects, the acetyicholinesterase/pseudocholinesterase ratios were >0.13. All cases with 
ventral wall defects (n = 29), fetal blood contamination (n = 16), or fetal ascites (n = 2) had 
acetylcholinesterase/ pseudocholinesterase ratios <0.13. Samples of cystic hygroma fluid (n = 10) had 
acetylcholinesterase/pseudocholinesterase ratios >0.13. Two patients with fetal teratomas had 
intermediate values. All patients with normal outcomes but positive acetylcholinesterase had ratios of 
<0.12. Acetylcholinesterase/pseudocholinesterase ratios are a valuable part of a prenatal program to 
accurately diagnose fetal abnormalities. (AM J OssteT GYNECOL 1989;161:703-5.) 


Key words: Acetylcholinesterase, AChE, neural tube defects 


Gel electrophoresis acetylcholinesterase has proved 
useful in differentiating false-positive amniotic fluid 
a-fetoprotein values from those indicating true fetal 
defects.* Detection of acetylcholinesterase not only 
provides biochemical evidence for the presence of a 
neural tube defect‘ but also reduces the incidence of 
false-positive diagnoses that are based on a- fetoprotein 
determinations. The presence of acetylcholinesterase, 
however, is not specific for neural tube defects. It can 
be found in'the presénce of other fetal defects and 
pregnancy complications, including ventral wall defects 
and fetal blood contamination.*’ Earlier studies have 
shown that neural tube defects can usually be distin- 
guished from ventral wall defects by using a densito- 
metric scan ratio of acetylcholinesterase to pseudocho- 
linesterase.® * ° 

In this study 141 pregnancies with known outcomes 
and with acetylcholinesterase in the amniotic fuid were 
examined to determine a cutoff for the acetylcholin- 
esterase/pseudocholinesterase ratio that could distin- 
guish among neural tube defects, ventral wall defects, 
other fetal defects, and pregnancy problems. 


Material and methods 


One hundred forty-one amniotic fluid specimens 
with positive or faintly positive acetylcholinesterase 
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bands were collected between January 1, 1986, and 
January 1, 1989, and stored at ~20° C. They were 
retrieved from storage, electrophoresed in duplicate a 
second time, scanned, and analyzed for the acetylcho- 
linesterase/pseudocholinesterase ratio. Ratios reported 
here were the average of two determinations. The preg- 
nancy outcomes were known in all cases. All samples 
included in the study had elevated or “high normal” 
amniotic fluid a-fetoprotein levels of >1.7 multiples of 
the median. All samples negative for acetylcholinester- 
ase, regardless of a-fetoprotein level, were excluded 
from the study. Samples obviously contaminated with 
blood were checked for fetal cells with a modified 
Kleihauer-Betke stain.’ 

Polyacrylamide slab gel electrophoresis was per- 
formed with a minislab gel electrophoresis appara- 
tus.2 * ® The acetylcholinesterase-specific inhibitor 
BW284c51 was used to confirm the identity of the 
diagnostic band. The gels were stained with dithio- 
oxamide to amplify the cholinesterase band den- 
sities. The gels were scanned on a Helena Laboratory 
Cliniscan 2 densitometer. The pseudocholinesterase 
and acetylcholinesterase bands were denoted as those 
in positions 1 and 2 by Smith et al.’ 


Results 


There were 65 pregnancies in which there was an 
open neural tube defect in the fetus: 11 with anen- 
cephaly, 49 with open spina bifida, and 5 with open 
encephalocele. Of the 65 open neural tube defect preg- 
nancies, 62 had acetylcholinesterase/pseudocholines- 
terase ratios >0.13 (see Table I). All three patients with 
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Table I. Acetylcholinesterase/pseudocholinesterase 
ratios in amniotic fluid samples 








Acetylchalinesterase/ 
pseudocholinesterase ratio 


Neural tube defect 


Anencephaly 11 0.274 0.11 0.12-0.46 

Open spina bifida 49 0.48 +0.16 0.11-0.94 

Encephalocele 5 027+£+015 0.07-0.43 
Ventral wall defect : 

Gastroschisis 19 0.06+ 0.02 0.03-0.11 

` Omphalocele 10 0.06+0.02 0.02-0.09 
Cystic hygroma fluid 10 0.34+0.11 0.16-0.49 
Fetal ascites 2 0.04, 0.12 
Bloody fluid ©. 16 0.05 + 0.03 0.02-0.08 
False positive results 6. 0.05004 0.01-0.12 





lower acetylcholinesterase/pseudocholinesterase ratios 
had confirmed open defects (ariencephaly, spina bifida. 
or encephalocele). One additional pregnancy with 2 
membrane-covered spina bifida cystica had a ratio of 
0.03. All 29 of the fluids from fetuses with ventral wal: 
defects had acezylcholinesterase/pseudocholinesterase 
ratios that were <0.11 (Table I). l 

Twelve pregnancies with abnormal fetal fluid ac- 
cumulations were studied. The 10 specimens: in 
which fluid was obtained from cystic hygromas had 
acetylcholinesterase/ pseudocholinesterase ratios >0.16 
(Table I). Two pregnancies with fetal ascites fluid had 
relatively low ratios (0.04 and 0.12) in the amniotic 
fluid. 

There were 16 bloody amniotic fluid specimens in 
which fetal blood cells were identified. All of these sam- 
ples had acetylcholinesterase/pseudocholinesterase ra- 
tios <0.08 (Table I). In addition, there were six samples 
with acetylcholinesterase present in the amniotic fluid 
but ultrasonographic examinations, karyotypes, and 
outcomes were normal. These six-cases represent true 
false-positive results, but in no case was the acetylcho- 
linesterase/pseudocholinesterasé ratio >0.12 (Table I). 

Twelve other cases of miscellaneous fetal and preg- 
nancy problems also had acetylcholinesterase in the am- 
niotic fluid and were examined for the acetylcholin- 
esterase/pseudocholinesterase ratios (see Table II). 
Three cases of chromosomal abnormalities were found 
that had elevated a-fetoprotein levels with acetylcho- 
linesterase in the amniotic fluid: These cases included 
two of trisomy 13 without scalp defects and one of 
trisomy 21. There were no open fetal defects observed 
in these cases. There were five cases involving death of 
one or more fetuses (Table ID. In each of these 
cases the acetylcholinesterase/pseudocholinesterasé ra- 
tio was determined. In four of the five cases ratios were 
in the range seen with neural tube defects; however, 
the migratory pattern was usually smeared and visibly 
different. Two cases of fetal teratomas studied had ace- 
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Table II. Acetylcholinesterase/pseudocholinesterase 
ratios in amniotic fluid from pregnancies with 
chromosomal and other fetal problems 








Acetylcholinesterase/ 
pseudocholinesterase 
Defect ratio 





Chromosoma] abnormality 


Trisomy 13 0.10 
Trisomy 13, fetal death 0.02 
Trisomy 21 0.08 
Fetal death . 
1 Fetus of triplets 0.18 
Both twins ` 0.32 
Both twins : 0.37. 
After amniocentesis 0.09 
I Fetus of twins ` 0.27 
Teratoma 
Case 1 0.18 
Case 2 8 0.08 
‘Miscellaneous ; 
Renal cyst fluid 0.14 
Fetal hydronephrosis ; 0.01 . 





tylcholinesterase/pseirdocholinesterase ratios of 0.18 
and 0.08. One case of fetal hydronephrosis had a very 
light band with a ratio of 0.01. Finally, one case in which 
the fluid was drawn from a renal cyst had an inter- 
mediate acetylcholinesterase/pseudocholinesterase ra- 
tio of 0.14. 


Comment 


_ The results froni this study confirm and extend ear- 
lier reports on the usefulness of acetylcholinesterase 
electrophoresis as a secondary test in the prenatal di- 
agnosis of neural tube defects and other fetal and preg- 
nancy probleris.'? Acetylcholinesterase testing en- 
hances the specificity of prenatal testing for neural tube 
defects.** The presence of acetylcholinesterase in the 
amniotic fluid: increases the odds of finding a neural 
tube defect when the amniotic fluid a- fetoprotein level 
is elevated. However, positive acetylcholinesterase re- 
sults have also been noted with ventral wall defects and 
other conditions.* ’ Densitometric scanning of acetyl- 
cholinesterase electrophoresis gels is useful in the dif- 
ferential diagnosis of fetal defects. In this study we 
scanned gels of amniotic fluid simples that contained 
acetylcholinesterase from -pregnancies with various 
problems to determine whether the acetylcholinester- 
ase/ pseudocholinesterase ratios would be consistent 
and useful in the’ interpretation of the results. Our 
results in the pregnancies with neural tube defects and 
ventral wall defects were in accord with those of pre- 
vious reports.®? In those smaller studies a ratio of 0.15 
was used to differentiate neural tube defects and ven- 
tral wall defects. In our laboratory we found that a 
comparable cutoff value of 0.13 gave thie most consis- 
tent interpretation. 

This study also included amniotic fluid from other 
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fetal and pregnancy conditions. It was determined that 
fluid from cystic hygromas was similar to fluid from 
pregnancies with neural tube defects. Fetal ascitic fluid, 
however, yielded lower ratios. Bloody specimens that 
contain fetal blood cells can have acetylcholinesterase 
present in the amniotic fluid and, as such, can yield 
conflicting results. In this study it was observed that all 
such bloody fluid samples had ratios lower than those 
seen with neural tube defects. 

Several other conditions yielded positive acetylcho- 
linesterase results. There were three pregnancies with 
fetal aneuploidy without the presence of neural tube 
defects that were positive. In each of these cases 
the acetylcholinesterase/pseudocholinesterase ratio was 
less than the cutoff of 0.13. The presence of fetal 
death also can cause positive acetylcholinesterase re- 
sults. In these cases the gel pattern frequently appears 
somewhat different, although the scanning results were 
variable. Fetal teratomas, renal cysts, and hydrone- 
phrosis can also cause acetylcholinesterase to be present 
in the amniotic fluid. Ultrasonographic examination is 
useful in the interpretation of the results in such cases. 

There were six actual false-positive specimens in this 
study that had elevated a-fetoprotein levels and also 
were positive for acetylcholinesterase. These six spec- 
imens all had ratios that were lower than those seen 
with neural tube defects. High-resolution ultrasonog- 
raphy is often helpful and should always be offered to 
patients with elevated amniotic fluid o-fetoprotein 
levels and positive acetylcholinesterase electrophoresis. 
Patients with normal ultrasonograms, normal karyo- 
types, and normal outcomes had ratios of <0.09. Over- 
all, significant exceptions to the findings occurred in 
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<4% of all cases. Acetylcholinesterase/pseudocholin- 
esterase ratios are a valuable part of a prenatal program 
to accurately diagnose fetal abnormalities. 


REFERENCES 


1. Smith AD, Wald NJ, Cuckle HS, Stirrat GM, Bobrow M. 
Lagercrantz H. Amniotic fluid acetylcholinesterase as a 
possible diagnostic test for neural tube defects in early 
pregnancy. Lancet 1979;1:685. 

2. Barlow RD, Cuckle HS, Wald NJ. A simple method 
for amniotic fluid gel-acetylcholinesterase determination, 
suitable for routine use in the antenatal diagnosis of open 
neural tube defects. Clin Chim Acta 1982;119:137. 

8. Report of the Collaborative Acetylcholinesterase Study. 
Amniotic fluid acetylcholinesterase electrophoresis as a 
secondary test in the diagnosis of anencephaly and open 
spina bifida in early pregnancy. Lancet 1981;2:32. 

4. Brock DJH, Hayward C. Gel electrophoresis of amniotic 
fluid acetylcholinesterase as an aid to the prenatal diag- 
nosis of fetal defects. Clin Chim Acta 1980;108;135. 

5. Haddow JE, Morin ME, Holman MS, Miller WA. Acetyl- 
cholinesterase and fetal malformations: modified quali- 
tative technique for diagnosis of neural tube defects. Clin 
Chem 1981;27:61. 

6. Wald NJ, Barlow RD, Cuckle HS, Turnbull AC, Goldfine 
C, Haddow JE. Ratio of amniotic fluid acetylcholinesterase 
to pseudocholinesterase as an antenatal diagnostic test for 
exomphalos and gastroschisis. Br J Obstet Gynaecol 
1984;91:882. 

7. Barlow RD, Cuckle HS, Wald NJ, Rodeck CH. False pos- 
itive gel-acetylcholinesterase results in blood-stained am- 
niotic fluids. Br J Obstet Gynaecol 1982;89:821. 

8. Goldfine C, Miller WA, Haddow JE. Amniotic fluid cho- 
linesterase density ratios in fetal open defects of the neural 
tube and ventral wall. Br J Obstet Gynaecol 1983;90:238. 

9. Burton BK. Positive amniotic fluid acetylcholinesterase: 
distinguishing between open spina bifida and ventral wall 
defects. AM J OBSTET GYNECOL 1986;155:984. 

10. Clayton EM Jr, Foster EB, Clayton EP. New stain for fetal 
erythrocytes in peripheral blood smears. Obstet Gynecol 
1970;35:642. 


Effect of diagnostic and therapeutic cordocentesis on maternal 


serum a-fetoprotein concentration 


Carl Weiner, MD," Stanley Grant, RN, Jerry Hudson, PhD,’ Roger Williamson, MD, and 


Katharine Wenstrom, MD* 
Iowa City, Iowa 


We investigated the affect of cordocentesis (n = 36) and intravascular transfusion (n = 14) performed with 
a fixed needle guide on maternal serum a-fetoprotein levels. In 50% of the procedures, the placenta was 
anterior and punctured. For all patients, maternal serum «-fetoprotein levels rose 70.8% + 28%. The 
magnitude of the rise was unrelated to the number of attempts necessary, gestational age, or the initial 
maternal serum «-fetoprotein levels concentration. The location of the placenta was the sole identified 
variable related to the rise. A total of 44% of the patients had a significant increase in maternal serum 
a-fetoprotein level when the placenta was anterior. In contrast, only 4% of the patients had a significant 
rise in maternal serum a-fetoprotein level when the placenta was other than anterior. There was no 
difference in the frequency of a significant rise in maternal se-um «a-fetoprotein level concentration between 
the patients who underwent cordocentesis and those who underwent intravascular transfusion. On the 
basis of these findings, we recommend that when maternal isoimmunization is a potential concern and the 
placenta is anterior, the umbilical cord should be approached either through a window or laterally from the 


placenta. (Am J OssteT GYNECOL 1989;161:706-8.) 


Key words: a-Fetoprotein, cordocentesis, pregnancy, placenta 


Cordocentesis is both safe and efficient in experi- 
enced hands.'-? It has become the method of choice to 
obtain a fetal blood sample. Amniocentesis is associ- 
ated with a transient increase in maternal serum a- 
fetoprotein concentration.*” Variables that affect the 
magnitude of the increase include needle size, the num- 
ber of punctures necessary, and whether the needle 
traverses the placenta. It is likely the increase results 
from the leakage of either fetal blood, plasma, or both 
into the maternal circulation. One of the major indi- 
cations for cordocentesis is the diagnosis and treatment 
of fetal hemolytic disease.' It has been opined at several 
scientific meetings that whereas cordocentesis has the 
advantage of supplying direct and accurate information 
compared with amniocentesis, it enhances maternal 
sensitization more than does amniocentesis. Should this 
be true, it will affect the indications and methods used 
for cordocentesis. A randomized trial that compares 
the efficacy of amniocentesis with cordocentesis for the 
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evaluation of fetal hemolytic disease has not been, and 
for multiple reasons probably will not be, performed. 
This investigation has taken a different approach. We 
sought to determine prospectively the risk of mater- 
nal contamination with fetal blood-plasma during or 
shortly after cordocentesis by measuring the concen- 
tration of maternal serum a-fetoprotein. 


Material and methods 


Fifty consecutive women who underwent either di- 
agnostic (n = 36) or therapeutic (intravascular trans- 
fusion, n = 14) cordocentesis for clinical indications 
were studied. This investigation was approved by the 
University of Iowa Human Subjects Committee and 
consent was obtained from each patient. 

A specimen of maternal blood was obtained imme- 
diately before and 25 to 35 minutes after the procedure. 
All maternal serum a-fetoprotein measurements were 
performed by the State of Iowa Hygienics Laboratory, 
which participates in the Foundation for Blood Re- 
search’s (Scarborough, Me.) external quality control 
program. The sample pairs were measured in duplicate 
by radioimmunassay (Amersham, Arlington Heights, 
Ill.) during the same run to eliminate interassay vari- 
ation. Intra-assay variation was <10%. 

Our method for cordocentesis has been described in 
detail elsewhere.' All procedures were performed with 
a 22-gauge spinal needle (Beck-Dickinson, Rutherford, 
N.J.) and a 5 mHz sector transducer (General Electric 
3600, Rancho Mirage, Calif.) with an attached needle 
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Table I. Placental location and increases in maternal serum a-fetoprotein levels 












Percent with maternal 


Percent with maternal 
serum o-fetoprotein 
rise > 40% 


serum a-fetoprotein 
rise >25 pgl ml 











Total by placental location 50 30 24 
Anterior 25 52* : 44} 
Other 25 8* 4t 
*p = 0.003 
tp < 0.05.3 


guide (CIVCO, Kalona, Iowa). No attempt was made 
to avoid the placenta. 

Statistical analyses used subroutines from ABstat, rel 
5.02 (Anderson-Bell, Parker, Colo.). The combined 
group and the diagnostic and therapeutic procedures 
were individually used as data sets. An independent 
Student ¢ test was used to compare ordinal means, x? 
was used with Yates correction to compare percentages, 
and linear regression was used to examine the rela- 
tionship between maternal serum a-fetoprotein and the 
change in maternal serum a-fetoprotein level, gesta- 
tional age, and the number of needle insertions. A p 
value <0.05 was considered significant. 


Results 


The planned procedure was successful in all patients 
and there were no complications. The mean (+SEM) 
gestational age was 27 weeks’ gestation + 0.7 weeks 
(range, 19 to 37 weeks). The placenta was located an- 
teriorly in 50% of both diagnostic (18:36) and thera- 
peutic (7:14) procedures. Placental location was un- 
related to the number of attempts necessary. The 
maternal skin was punctured <three times in 94% 
(47:50) of the patients. 

The initial maternal serum a-fetoprotein level cor- 
related with gestational age (r = 0.384, p = 0.006). Ma- 
ternal serum a-fetoprotein concentration rose a mean 
of 70.8% + 28%, (range, — 14.3% to 1058%) after the 
procedure. The number of attempts necessary to obtain 
the blood sample was unrelated to the percentage the 
maternal serum «-fetoprotein level rose. Further, there 
was no correlation between the percentage the mater- 
nal serum a-fetoprotein level rose and either gesta- 
tional age (r = 0.18, p = 0.22) or the initial mater- 
nal serum a-fetoprotein concentration (r = 0.08, p = 
0.56). 

Placental location was the sole identified determinant 
of the rise. Maternal serum a-fetoprotein concentration 


rose 133% (52%) when the placenta was anterior (and . 


therefore punctured) compared with 8.6% + 8% when 
it was not (p = 0.02, two-tailed Student ¢ test). 

The results were assessed with two previously pub- 
lished criteria®* for a significant rise in maternal serum 
a-fetoprotein levels after amniocentesis with stratifi- 


cation by placental location (Table I). The percentage 
of women who had a significant rise was greater when 
the placenta was anterior with both methods. 

The above analyses was repeated when the partici- 
pants were stratified by the type of procedure (diag- 
nostic or therapeutic). The results were virtually iden- 
tical and are not shown. 


Comment 


The number of centers that perform cordocentesis 
has grown rapidly. Because a major indication for cor- 
docentesis is the diagnosis and treatment of fetal hemo- 
lytic disease, concern that cordocentesis might lead to 
enhanced maternal sensitization is understandable in- 
asmuch as the placenta is often punctured and the nee- 
dle position is often manipulated when a free-hand 
technique is used. We have observed the occasional pa- 
tient who had a marked increase in the indirect Coombs 
titer after cordocentesis. However, many of these pa- 
tients have had a history of severely affected offspring 
or high antibody titer at the outset. 

The present study clearly documented a rise in the 
maternal serum o-fetoprotein concentration after both 
cordocentesis and intravascular transfusion. It does not 
address the risk of a “slow leak” nor does it attempt to 
discern between the leakage of fetal plasma versus 
whole blood. However, the study convincingly dem- 
onstrates that the risk of contamination is limited mostly 
to those women with an anterior placenta in which pla- 
cental puncture was routine. With the use of previously 
published figures*’ (with correction for the distribution 
of placental locations), there is no obvious difference 
for the risk of a significant rise in maternal serum 
a-fetoprotein levels between amniocentesis and cor- 
docentesis as performed in our institution with a fixed 
needle guide. We observed that the number of attempts 
required to obtain the needed sample was unrelated to 
the rise in maternal serum «a-fetoprotein concentration. 
This may seem illogical. However, most patients with 
an anterior placenta required only one attempt. A 
larger number of patients with an anterior placenta 
who required multiple attempts might reveal a positive 
relationship between the number of attempts and the 
rise in maternal serum a-fetoprotein levels. 
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Fetal a-fetoprotein concentration declines with ad- 
vancing gestation, Thus it is possible that a large leak 
relatively late in gestation might have minimal impzct 
on the maternal serum a-fetoprotein level. A control 
group of patients who underwent amniocentesis acrcss 
a range of gestational ages is not feasible in our insti- 
tution. However, the lack of a correlation between ges- 
tational age and the magnitude the maternal serum 
a-fetoprotein level rose argues against this possibility. 

In conclusion, cordocentesis is associated with a siz- 
nificant increase in maternal serum a-fetoprotein levels 
when the placenta is punctured. On the basis of these 
findings, we recommend that when maternal isoim- 
munization is a potential concern and the placenta-is 
anterior, the umbilical cord should be approached ei- 
ther through a window or laterally from the placenta. 
If the woman has an Rh-negative blood type and is 
unsensitized, the fetal blood type should be deter- 
mined. If the fetus has an Rh-positive blood type, anti- 
D immunoglobulin should be administered, as is the 
practice for amniocentesis. 
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Two hundred intrauterine exchange transfusions in severe 


blood incompatibilities 


Marie-Hélène Poissonnier, MD,* Yves Brossard, MD,” Nicole Demedeiros, MD, 
Juliana Vassileva, MD, Françoise Parnet, MD, Marc Larsen, MD,” Monique Gosset,” 


Jacques Chavinie, MD, and Jacques Huchet, MD” 
Paris, France 


Two hundred intrauterine exchange transfusions were performed under local anesthesia in 107 cases of 
blood incompatibilities (60 fetuses with severe anemia and 47 with hydrops). Under sonographic guidance, 
depending on fetal and placenial position, an optimal puncturing site was selected along the umbilical vein: 
placental insertion, fetal insertion, or fetal intraabdominal segment. Tésts were immediately performed to 
confirm fetal origin of blood obtained and estimate hemoglobin level. Blood used for exchange transfusion 
was compatible with maternal blood and had a hematocrit value of 75%. Exchange transfusion was 
continued until a hemoglobin level of 16 gm/dl was reached. This procedure was first associated with 
intraperitoneal transfusions and was subsequently used independently once a month to maintain an 
adequate hemoglobin level. In 4 fetuses with hydrops, antenatal regression of this sign was observed in 33 
cases (70.2%). Overall outcome of 107 fetuses after exchanges was 84 living neonates (78.5%), 15 
deaths in utero, and eight neonatal deaths. The survival rate was 91.6% for fetuses without hydrops and 
61.7% for those with hydrops. The advantage of exchange transfusion appears to be rapid and efficient 
correction of anemia with elimination of incompatible fetal red blood cells. (AM J OBSTET GYNECOL 


1989;161:709-13.) 


Key words: Hydrops, fetal therapy, intrauterine fetal exchange transfusion, 


isoimmunization, fetal blood sampling 


Severe fetal anemia and fetal hydrops caused by 
blood incompatibilities are generally associated with 
poor perinatal outcome, especially if hydropic signs de- 
velop during the second trimester. Although intra- 
peritoneal transfusion has been used efficiently to treat 
fetuses without hydrops, its results for treatment of 
hydropic fetuses have been disappointing.'’* Rodeck 
et al.‘ reported intravascular transfusions first under 
fetoscopy and then under sonographic guidance.’ 
Others have subsequently used the latter technique suc- 
cessfully.“ More recently, Jacquetin et al." and Gran- 
num et al." have performed intrauterine fetal ex- 
change transfusions. 

The purpose of this study was to evaluate the effi- 
ciency of intravenous fetal exchange transfusion for 
severe immunizations. 
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Material and methods 


Patient evaluation. Since 1985, of the severely isoim- 
munized pregnant patients referred to us from France 
and other countries, 107 were selected for intravenous 
fetal exchange transfusion for severe fetal anemia with 
or without hydrops. At the beginning of the series, only 
fetuses with hydrops were treated with intravenous fe- 
tal exchange transfusion and the others with intra- 
peritoneal transfusion. Starting in August 1987, severe 
anemia cases were also treated with intravenous fetal 
exchange transfusion. The fetuses treated had anti-D 
(level between 12.5 and 150 IU/ml), anti-Kell, or anti- 
c immunizations. 

Intravenous fetal exchange transfusion was chosen 
after diagnosis of severe fetal hemolysis by either 
optical density measurements of amniotic fluid at an 
optical density of 450 nm, hemoglobin level by per- 
cutaneous umbilical blood sampling <8 gm/dl, or ul- 
trasound evidence of hydrops (ascites alone or associ- 
ated with pericardial or pleural effusions, subcutaneous 
edema, placentomiegaly, and hydramnios). 

Intrauterine fetal exchange transfusions 

Instruments, Intrauterine partial exchange transfu- 
sions were carried out under sonographic guidance by 
means of a 15 cm long, 18- or 19-gauge needle that 
was introduced through the maternal abdominal wall 
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and uterus and an 18 cm long, 20- to 22-gauge punc- 
turing needle according to gestational age. 

Vena puncture. The intravenoiis fetal exchange trans- 
fusion procedure was performed under local anesthesia 
in an operating room after sedation of the mother with 
intramuscular diazepam and atropine. Neither tocolytic 
agents nor antibiotics were used, An optimal punctur- 
ing site along the umbilical vein was chosen. The pre- 
ferred puncturing site was the ‘placental insertion; 
when not easily accessible (e.g., when the placenta was 
posterior behind: the fetus), another site was chosen, 
that is, fetal insertion or fetal intraabdomiinal. segment. 
© To ensure correct needle location in the fetal vein, 
we used the following criteria: bright red color char- 
acteristic of umbilical venous blood, bevel position un- 
der sonograhpic guidance, and. scintillating apert of 
blood flow. 

Fetal origin of blood was” imedai checked by a 
panel of antibodies, including small i. The Kleihauer- 
Betke test was achieved secondarily. All fetuses were 
paralyzed with vecuronium bromide, (0.1 mg/kg) once 
intravascular access was achieved." - 

Transfusion. technique. Irradiated O-negative packed 
erythrocytes with a 75% hematocrit level were used. 
Withdrawn aliquots were calculated on the basis of 5% 
of total blood volume, which was considered, 16 ml/100 
gm of estimated fetal weight. Ten to 20 uninterrupted 
cycles of injections and withdr: awals of 1 to 4 ml were 
performed, depending on the initial ‘hematocrit value 
and gestational age. During i intravenous fetal éxchange 
transfusion, fetal hematocrit and hemoglobin values 
were periodically checked. Exchange transfusion was 
continued until. the hemoglobin level reached .. 16 
gm/dl. The oxy genated aspect of withdrawn blood and 
fetal heart rate monitored under sonography served as 
criteria of fetal health. Average duration of i intravenous 
fetal exchange transfusion was 45 minutes (range, 30 
to 90 minutes). The main difficulty throughout the pro- 
cedure was to avoid needle displacement. In most cases 
the umbilical vein had to be punctured two or three 
times either at the same site or at other sites along the 
tract. The procedure was discontinued when the de- 
sired hemoglobin level was attained, where severe fetal 
heart rate deceleration occurred, or in rare cases of 
difficulty in repuncturing the cord. The procedure was 
similar irrespective of gestational age; however, before 
20 weeks it was more delicate to perform because of 
vein size and fragility. Exchange transfusions were re- 
peated once a week until the hydropic state resolved. 
Pregnancies were followed by daily fetal heart rate 
monitoring and weekly sonography. Until August 1987, 
after hydrops reversal, intraperitoneal transfusions 
were carried out once a week until delivery. After Au- 
gust 1987, intravenous fetal exchange transfusion was 
used alone once a month because it appeared to be safe 
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and had a more prolonged effect than did intraperi- 
toneal transfusion. 

Criteria for delivery ` were lung maturity checked by 
the lecithin/sphingomyelin ratio and if possible gesta- 
tional age of 35 weeks, except’of in cases of earlier 
complication. This led us to perform intravenous fetal 
exchange transfusion as late as 33 weeks, since the risks 


` associated with the procedure were less than the risk 


of premature birth. 


Results 


From March 1985 to September 1988, 107 patients 
with severe blood incompatibilities were treated by 200 
intravenous fetal exchange transfusions. Forty-seven 
fetuses showed signs of hydrops, and 60 fetuses had 
severe anemia without hydrops, that is, hemoglobiri <8 
gm/di. Hydrops was rarely observed before 20 weeks 
with hemoglobin levels as low as 2 gm. Ata later stage, 
hydrops was usually found associated with hemoglobin 
levels between 2 and 8 gm/ dl. Patients were immunized 
against D iri 91 cases, € in nine cases, Kell in six cases, 
and Miltenberger i ir: one case. The first intravenous 
fetal exchange transfusion was performed between 17 
and‘ 32 weeks, with a mean gestational age of 26. 7 


_ weeks. Until August 1987 intravenous fetal exchange 
„transfusions (one to seven) were used after the first 


treatment, and thereafter intravenous fetal exchange 
transfusion (one to four) were used alone. 

Reversal of intrauterine hydrops. At the time of the 
first intravenous fetal exchange transfusion, 47 fetuses 
already -had severe hydrops. Thirty-three (70.2%) 
showed evidence of reversal of hydrops after one (22) 
or two (11) intravenous fetal exchange transfusions. 
Mean heinoglobin levels before and after intravenous 
fetal exchange transfusion were 5.6. gm/dl (range, 1.7 
to 6.7) and 16.2 gm/dl (range, 9 to 17.4), respectively. 
Reversal of hydrops was correlated with hemoglobin 
level. . l l 

Fetal death. Of 107 fetuses, there were 15 antenatal 
deaths, 10 of which were in the hydrops group (mean 
gestational age 26 weeks; range, 24 to 33) and five ‘in 
the anemia group (mean gestational age 20.4 weeks; 
range, 18 to.24). Complications possibly resulting from 
tħe technique were one cord hematoma and four pre- 
mature rupture of. membranes, which occurred within 
a week after the procedure at 20, 23, 32, and 38 weeks 
of gestation. In nine patients severe hydrops did not 
resolve despite treatment. In one patient hydrops-ap- 
peared despite i intravenous fetal exchange transfusion 
(Table I). 

Outcome of 47 hydropic fetuses. A fe- 
tuses were born alive. Eight died during the first week 
after birth: five were born hydropic, and two died of 
prematurity complications after premature rupture of 
membranes. In one case during intraperitoneal trans- 
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Table I. Results of 200 intauterine fetal exchange transfusions in 107 fetuses 


Severe anemia (n = 60): 


Healthy newborn 
Intrauterine deaths 


55 (91.7%) 
5 (8.3%) 


(2 PROM, 1 hydrops, 1 cardiac, 


1 unexplained) 
Neonatal deaths — 


PROM, Premature rupture of membranes. 


fusion, an intraperitoneal hemorrhage was seen under 
sonography and the infant born at 31 weeks died after 
intraventricular hemorrhage on the third day. Twenty- 
nine infants were in good neonatal state with a mean 
birth weight of 2772 gm (range, 1200 to 3330) at a 
mean gestational age of 33.8 weeks (range, 28.7 to 
36.5). ‘The mean hemoglobin level at birth was 11.9 
gm/dl (range, 8.7t o 17.2). Sixteen newborns required 
no exchange transfusion, eight newborns were given 
one, and five were given two, 

Outcome of 60 nonhydropic fetuses. Five fetuses 
died in utero, but no neonatal deaths occurred among 
the 55 newborns. The mean gestational age was 33.7 
weeks (range, 30 to 39). At birth the mean weight was 
2498 gm (range, 1910 to 3200) and the mean hemo- 
globin level was 10.7 gm/dl (range, 3.7 to 18.2). Twelve 
newborns required no exchange transfusion, 24 were 
given one, and 19 were given two to four. No infant 
was icteric. 


Case reports 

Case 1. Mrs. T, Rh-negative, anti-D + Duffy, gravida 
8, para 3, had a past history of two spontaneous abor- 
tions, one neonatal death, and two in utero deaths of 
hydropic fetuses at 39 and 23 weeks. She was referred 
to our institution in 1986 for severe maternal iso- 
immunization. Ten intraperitoneal transfusions were 
administered between 20 and 33 weeks of gestation. A 
healthy infant, weighing 2420 gm, was delivered at 34 
weeks. The next pregnancy was treated with intrave- 
nous fetal exchange transfusion, The antibody level was 
10 ug/ml. Although the ‘hemoglobin level was 3.7 
gm/dl at 21 weeks, ultrasound studies revealed that the 
fetus was not hydropic. The hemoglobin level was 17 
gm/dl after the first intravenous fetal exchange trans- 
fusion. We performed four other intravenous fetal ex- 
change transfusions at 25, 29, 32, and 34 weeks. The 
last two intervals were shorter because optimal hemo- 
globin levels were not reached. The fetus was delivered 
at 36 weeks and weighed 220 gm. Use of intravenous 
fetal exchange transfusion enabled us to reduce the 
number of procedures and obtain better maturity. 

Case 2. Mrs. B, Rh-negative, anti-D + C, gravida 4, 
para 3, had a very high antibody level (52 ug/ml). This 
patient was referred to us with hydrops at 28 weeks of 





Total 


Hydrops (n = 47) (N = 107) 


29 (61.7%) 84 (78.5%) 
10 (21.3%) 15 (14%) 
(1 hematoma of cord, 9 severe 
hydrops) 
8 (17%) 8 (7.5%) 


(1 acute fetal distress, 2 
PROM, 5 severe hydrops) 





gestation, and the first intravenous fetal exchange 
transfusion was performed. The initial hemoglobin 
level was 7.9 gm/dl, with severe thrombopenia (platelet 
count 23000/ml). The exchange was discontinued at 
16.8 gm/dl. Although the hemoglobin level was cor- 
rected, hydrops was not resolved. We performed the 
second intravenous fetal exchange transfusion at 31 
weeks: The hemoglobin level was 9 gm/dl at the be- 
ginning of 16.10 gm/dl at the end of the procedure, 
and there was still severe thrombopenia. The fetus died 
shortly after the intravenous fetal exchange transfu- 
sion. Its weight was 2900 gm with hydrops. The pla- 
centa weighed 1490 gm. 

Case 3. Mrs. L, Rh-negative, anti-D + C, gravida 7, 
para 6, had a past history of three children and two 
antenatal deaths at 32 and 24 weeks’ gestation. During 
the index pregnancy, the fetus showed signs of severe 
hydrops at 21 weeks with peritoneal, pericardial, and 
pleural effusions. Hemoglobin level was 1.4 gm/dl. 
There was no thrombopenia or hypoxia. Intravenous 
fetal exchange transfusion was started with aliquots of 
1 ml. At the end of exchange transfusion, the hemo- 
globin level was 15.7 gm. Hydrops was resolved after 
48 hours. Three other intravenous fetal exchange 
transfusions were performed at 23, 29, and 33 weeks. 
At 36 weeks a healthy newborn weighing 3000 gm was 
delivered by cesarean section. 


Comment 


The three therapeutic procedures currently used for 
severe isoimmunizations, namely, intraperitoneal, in- 
travascular, and intravascular exchange transfusions, 
are compared. 

Intraperitoneal in utero transfusion has been found 
to be effective in cases of fetal anemia without hydrops.* 
In hydropic cases, a poor survival rate (28.5%) is re- 
ported by Frigoletto et al. The good results (75%) of 
Harmann et al.? are an exception. Because anemia was 
only partially corrected, it was necessary in most cases 
to repeat the procedure once a week.® Between 1977 
and 1986, we treated 228 cases of severe isoimmuni- 
zations with 901 intraperitoneal transfusions. An av- 
erage of 3.9 intrauterine transfusions were performed, 
with a 76.3% survival rate. For hydrops appearing be- 
fore 28 weeks, the rate was 24% (unpublished data). 
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Table IÍ. Comparison of survival rates after straight intravascular transfusions in six studies 





No. of cases 
Rodeck et al.ë i 19 
De Crespigny et al.” 4 
Grannum et al." 26 
Berkowitz et al.” 16 
Brass et al.” 23 
Mackenzie et al." ` 10 





Overall 
survival (%) 


Survivai 
of hydrops (N) 


84 11/13 
75 1/1 
82 16/20 
76. — 
85.7 5/6 
10 — 





Intravascular transfusion. Percutaneous intravas- 
ċular access to the fetus was first attempted by Daffos 
et al.'*!6 in 1983 with a fetal death rate of 1.1%. Rodeck 
et al.* described intravascular transfusion under fetos- 
copy. Rodeck et al.’ and others” '"'* also described 
percutaneous intravascular transfusion under sono- 
graphic guidance. The survival rate was between 10% 
and 85.7%. Good results were obtained in hydropic 
cases (Table II). 

Intravascular transfusion has the benefit of correct- 
ing fetal anemia rapidly.” * '’ However, large quanti- 
ties of blood must be trarisfused, and consequently, 
cardiovascular decompensation might possibly occur in 
hydropic fetuses. On the other hand, where simple 
transfusion is used, there is rio purge of incompatible 
fetal erythrocytes and therefore these can be hemo- 
lyzed. 

Intrauterine exchange transfusion. Overall survival 
rates for intravascular and exchange transfusions ap- 
pear to be similar (84% for Rodeck et al. and 75% for 
Grannum et al.), However, intravenous fetal exchaage 
transfusion may have some of the following advan- 
tages: (1) The theoretic risk of cardiac decomipensation 
in severe hydropic cases might be reduced. (2) The 
interval between procedures is longer (4 weeks except 
in rare cases in which the desired hemoglobin level of 
16 gm/dl is not obtained). (3) This longer interval is 
made possible by the slow decrease of the hemoglobin 
level (2 gm 1 wk) compared with the rate. of hematocrit 
decrease of 1 point per day in the study of Rodeck 
et al. of simple transfusions. (4) Blood removal during 
exchange transfusion allows the hemoglobin level tc be 
controlled periodically, giving more accurate ind:ca- 
tidns‘of the blood volume to be exchanged. (5) There- 
fore it is unnecessary to calculate as Rodeck et al.* sug- 
gested the blood volume to be transfused. (6) The 
bright red color of the oxygenated blood removed gives 
further indication of fetal health. (7) In most cases, 
intravenous fetal exchange transfusion enabled deliv- 
ery to be delayed until fetal maturity. (8) Possibly be- 
cause of complete clearance of incompatible red cells 
and anemia correction, only a few newborns required 
exchange transfusions during the neonatal period. We 


also observed that persistence of hydrops was very rare 
in newborns, and complications caused by this state 
during the neonatal period were reduced. 

However, exchange transfusion has some disadvan- 
tages compared with intravascular transfusion: the pro- 
cedure is longer, and in theory the risk of infection is 
increased. There is also an increased risk of accidental 
needle displacement from the vessel, even when care 
is used to reduce fetal movements. This risk may be 
reduced by the introduction of a catheter, as described 
by Jacquetin et al." in the anterior placenta. 

From our study, we made the following observations 
regarding prognostic factors: (1) Hydrops per se as _ 
revealed by sonography is a well-known criterion of 
poor prognosis. (2) For nonhydropic fetuses, the he- 
moglobin level is much more accurate for prognosis 
than the bilirubin level in the amniotic fluid. (3) In 
hydropic cases thrombocytopenia and a high trans- 
aminase level are signs of poor prognosis regarding 
reversal of hydrops, even if anemia can be corrected. 
However, .we found no significant decrease in platelet 
counts despite the removal of clotting factors during 
thé exchange transfusion, Berkowitz et al.” have sug- 
gested another criterion for prognosis, namely, protein 
level in fetal blood. , 

In conclusion, intravenous fetal exchange transfu- 
sion appears to be safe procedure if performed by a 
multidisciplinary team with experience in ultrasound- 
guided invasive fetal procedures. It enables anemia to 
be corrected éfficiently, a large proportion of cases of 
hydrops to be reversed, and in most cases leads to de- 
livery of a mature healthy newborn requiring minimal 
treatment during the neonatal period. 


We gratefully acknowledge A. Rodger, C. George, 
and E. Couvé for editorial assistance. 
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Normal values for human umbilical venous and amniotic fluid 
pressures and their alteration by fetal disease 


Carl P. Weiner, MD, Joni Heilskov, RN, Gay Pelzer, RN, Stanley Grant, RN, 


Katharine Wenstrom, MD, and Roger A. Williamson, MD 


Towa City, Iowa 


Umbilical venous and amniotic fluid pressures were measured in 68 human pregnancies at the time that 
cordocentesis was performed. Normal umbilical venous pressure was unrelated to gestational age and 
remainad within a tight range (5.3 + 2.3 mm Hg, mean + 3D). Fetuses with an elevated umbilical venous 
pressure had disorders consistent with either hepatomegaly or congestive heart failure. Umbilical venous 
pressure was significantly increased before treatment in tw> fetuses with immune hydrops; it rapidly 
declined with treatment. Neither gestational age nor umbilical venous pressure was significantly different in 
the groups that received and did not receive pancuronium. There was a strong relationship between 
amniotic fluid pressure and gestational age in normal pregnancy (r = 0.54, p < 0.0001). Women with 
hydrarr nios had amniotc fluid pressures greater than control subjects (p = 0.0007). This investigation 
documents normal human amniotic fluid and fetal umbilical venous pressures. These measurements are 
altered by disease and may prove to be of diagnostic and therapeutic value in the future. (Am J OBSTET 


GYNECOL 1989;161:714-7,) 


Key words: Fetus, cordocentesis, amniotic fluid pressure, umbilical venous pressure, hydrops 


fetalis 


The development of cordocentesis has greatly sim- 
plified access to the circulation of the human fetus. The 
umbilical vein is the vessel that is most commonly punc- 
tured.’ Umbilical venous pressure should approximate 
the central venous pressure as much as pressure in the 
fetal inferior vena cava. Because of the parallel fetal 
circultory system and the preferential streaming of um- 
bilical venous blood to the left atrium,’ umbilical venous 
pressure measurements may even be more sensitive to 
left ventricular abnormalities than the inferior vena 
cava. Neither umbilical venous pressure nor amnictic 
fluid pressure appears to have been systematically in- 
vestigated throughout pregnancy. To our knowledge, 
prior studies of amniotic fluid pressure have focused 
on uterine activity and have not compared resting tone 
across a wide range in gestation. We hypothesized that 
human fetal pathologic conditions could alter umbilical 
venous; pressure and amniotic fluid pressure. The pur- 
pose of this investigation was to prospectively test this 
hypothesis by measuring umbilical venous pressure aad 
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amniotic fluid pressure in fetuses undergoing diag- 
nostic cordocentes:s for a variety of clinical indica- 
tions. 


Material and methods 


Sixty-eight cordocenteses were performed for a va- 
riety of indications (Table I). Eight fetuses had non- 
immune hydrops fetalis and two had immune hydrops 
fetalis. Our method for cordccentesis has been de- 
scribed previously. Each procedure used a 22-gauge 
spinal needle and a 5 mHz sector transducer (General 
Electric 3600, Rancho Mirage, Ga.) with an attached 
needle guide (Civco, Kalona, Towa). Neuromuscular 
blockade was produced with pancuronium (0.3 mg/kg 
of estimated fetal weight intravenously) when deemed 
necessary by the operator. After the indicated blood 
specimen had been obtained, the needle was connected 
to a tube filled with saline solution that was attached to 
a solid state pressure transducer (Sorenson Transpac 
Il, #46862-04, supplied by Abbott Critical Care Sys- 
tems, North Chicago) and pressure monitor (Hewlett- 
Packard #78833B, Houston). The transducer was 
meticulously placed at the level of the fetal heart as 
determined during zhe preceding ultrasonographic ex- 
amination. The needle was purged and the pressure 
read at its nadir. The identity of the vessel punctured 
was confirmed as the umbilical vein by both observing 
the flow direction of the injected saline solution and 
the lack of a pulsatile pressure waveform on the pres- 
sure monitor screen. The needle was then withdrawn 
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Table I. Indications for cordocentesis* 


No. of cases 


Hemolytic disease 44 
Rapid karyotype 17 
Rule out infection 13 
Intrauterine growth retardation 7 
Drug therapy 2 
Arrhythmia 2 


*Some subjects had more than one indication. 


from the vein into the amniotic cavity. After a brief 
purge, the nadir pressure was recorded. The time re- 
quired to obtain both umbilical venous and amniotic 
fluid pressures was approximately 30 seconds. There 
was no maternal perception or ultrasonographic evi- 
dence of uterine activity during the time the final pres- 
sure measurements were recorded. The observation 
that the nadir pressure was stable also decreased the 
likelihood of unrecognized uterine activity. The re- 
ported umbilical venous pressure reflects subtraction 
of the amniotic fluid pressure from the measured um- 
bilical venous pressure. 

A complete blood count and respiratory blood gas 
measurements were performed on all fetal blood sam- 
ples. The complete blood count was performed on 
blood anticoagulated with 1% ethylenediaminetetra- 
acetic acid on a Technicon H-1 analyzer (Tarreytown, 
N.Y.). Respiratory blood gas measurements were per- 
formed on blood anticoagulated with heparin on au- 
tomated equipment (Instrumentation Laboratory 
Blood Gas Manager model 1312, Lexington, Mass.) 
The pH, Pco,, and Po, were measured directly. The 
base excess, bicarbonate, and oxygen saturation were 
calculated with standard nomograms. 

The group of fetuses termed “control” was com- 
prised predominantly of subjects evaluated for hemo- 
lytic disease who ultimately were shown to be either 
unaffected or to have a normal hematocrit and retic- 
ulocyte count. The cause of fetal hydrops was listed 
when known. Oligohydramnios was considered present 
when the largest amniotic fluid pocket was <2 cm in 
all dimensions. The diagnosis of hydramnios required 
a gross increase in amniotic fluid associated with a size 
greater than dates—fundal height discrepancy and was 
made before the pressure measurement. 

The results were presented as the mean + 1 SD. 
Analyses used subroutines from ABstat rel. 5.10 soft- 
ware (Anderson-Bell, Parker, Colo.) and included least- 
squares multiple linear regression and independent t 
tests. 


Results 


The mean gestational age of the fetuses studied was 
28.2 + 5 weeks (range, 19 to 39). Both the amniotic 
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Fig. 1. Scattergram of the 45 fetuses in whom umbilical venous 
and amniotic fluid pressure was measured. Two distinct pop- 
ulations are obvious. (n = 12 refers to those fetuses with a 
umbilical venous pressure >2 SD above the norm; n = 33 
refers to all others.) 


fluid pressure and the umbilical venous pressure mea- 
surements were available from 45 subjects. Regression 
analysis with umbilical venous pressure used as the de- 
pendent variable suggested a weak positive relationship 
with gestational age (r = 0.28, p = 0.07}. However, this 
was artifactual. Examination of the scattergram re- 
vealed two clear populations of similar gestational 
age—one whose umbilical venous pressure was <10 
mm Hg and one whose umbilical venous pressure was 
>10 mm Hg (Fig. 1). Of the 14 fetuses assigned to the 
control group (mean gestational age, 27.4 + 3 weeks), 
the mean umbilical venous pressure was 5.3 + 2.3 mm 
Hg (range, 2 to 11). There was no relationship between 
gestational age and umbilical venous pressure in this 
group (r = 0.30, p = 0.29) nor a group made up of all 
fetuses whose umbilical venous pressure was within 
2 SD of the norm. 

Each fetus with an umbilical venous pressure >10 
mm Hg had a disorder consisteni with either congestive 
heart failure or hepatomegaly, except one fetus with a 
neural tube defect (Table II). Elevated pressures con- 
sidered to be consistent with hepatomegaly were ob- 
served in two fetuses with hemolytic disease in need of 
transfusion and two fetuses who had previously been 
transfused but who had not yet demonstrated complete 
suppression of erythropoiesis. The two fetuses studied 
with immune fetal hydrops had an elevated umbilical 
venous pressure. In each instance the umbilical venous 
pressure declined rapidly to a normal level during or 
after intravascular transfusion. An example is shown 
in Fig. 2. One fetus with a massive cervical teratoma 
initially had a normal umbilical venous pressure that 
rose with the development of hydrops. In another fetus 
with anasarca associated with an asymmetric bilateral 
chylothorax, the fetal heart was compressed snugly 
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Fig. 2. Umbilical venous pressure (UVP) was initially elevated 
in fetuses with immune hydrops. It declined into the normal 
range during transfusion. Asterisk, Amniotic fluid prssure. 
Closed circle signifies the corrected umbilical venous pressure 
at each sampling point. The second transfusion occurred 48 
hours after the first. 
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Fig. 3. Amniotic fluid pressure tone rose progressively as ges- 
tational age increased. Women with hydramnios had increased 
amniotic fluid pressure. Pregnancies complicated by anhy- 
dramnios (n = 10) excluded. 


along the left side of the chest wall. The umbilical artery 
blood pressure was 18/4 torr. This pressure measure- 
ment contrasts markedly with the only. other fetuses 
whose umbilical artery pressure was measured (n = 3): 
63/40, 31/26, and 39/19 mm- Hg. Bilateral thoracoam- 
niotic shunts were placed, and the hydrops resolved 
rapidly after the heart returned to its normal position. 

Forty of the 45 fetuses (89%) received pancuronium. 
The gestational age and umbilical venous pressure 
measurements were not significantly different in the 
group that received pancuronium compared with the 
group that did not receive pancuronium. 

The mean amniotic fluid pressure for all subjects was 
11.8 + 4 mm Hg. There was a positive relationship 
between amniotic fluid pressure and gestational age 
(r = 0.44, p = 0.0006). This relationship increased fur- 
ther when patients with either hydramnios or oli- 
gohydramnios were eliminated from the data set 
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Table II. Disorders associated with an elevated 
umbilical vein pressure* 









Umbilical vein 
pressure 
(mm He) 





Fetal disorder 


Immune hydrops 2 11 
(1 fetus, two measurements 6 hr 13 
apart) 12 

Nonhydropic hemolytic disease in 2 15 
need of transfusion 1] 

Previously transfused 2 10 

10 

Atrial flutter with hydrops (two 1 16 
measurements 1 day apart) 18 

Cystic adenomatoid malformation l 13 


with hydrops 
Congenital hepatitis (drug related) 
Meningomyelocele 14 


kek 
bmt 
bes 





*210 mm Hg. 


(r = 0.54; p < 0.0091; Fig. 3). Women with obvious hy- 
dramnios (n = 8) had a mean amniotic fluid pressure 
significantly greater than the other patients (19 + 5 vs. 
13.3 + 5 mm Hg, p = 0.0007) despite being slightly 
earlier in gestation (27.1 + È vs. 28.6 + 4 weeks, 
p = 0.36). In the absence of Lydrops and associated 
hydramnios, there was no obvious relationship be- 
tween umbilical venous pressure and amniotic fluid 
pressure. 


Comment 

This study of 68 pregnancies with various pathologic 
conditions over a wide gestational age range offers new 
information concerning human fetal physiology and 
pathophysiology. It appears to be the first systematic 
investigation of human amniotic fluid and fetal umbil- 
ical cord blood pressure. Each was altered in association 
with fetal disease. 

Blood returning from the placenta courses through 
the large-bore ductus venosus into the inferior 
vena cava where it streams preferentially through the 
foramen ovale into the left atrium.’ We assume that the 
umbilical venous pressure is an approximation of the 
central venous pressure and may also be sensitive to 
left-sided cardiac alterations. Certainly, additional an- 
imal study of factors that alter the umbilical venous 
pressure is desirable, but at this time our current ob- 
servations support the above assumptions. Umbilical 
venous pressure remained within a fairly narrow range 
throughout gestation but rose in association with dis- 
orders likely to produce congestive heart failure or hep- 
atomegaly. The development of hydrops, presumably 
as a result of high-output failure, in the fetus with a 
massive cervical teratoma was associated with an in- 
crease of the umbilical venous pressure into the ab- 
normal range. The fetus with hydrops associated with 
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asymmetric chylothorax and a markedly displaced 
heart had an umbilical artery pressure of 18/4 mm Hg. 
We believe that this pressure is very low and consistent 
with some form of cardiac tamponade manifested as 
decreased cardiac return. Both fetuses with immune 
hydrops had markedly elevated umbilical venous pres- 
sure that returned to the normal range after intravas- 
cular transfusion. Although the initial elevation might 
partially reflect portal hypertension as a result of mas- 
sive hepatomegaly,’ the rapid return of the pressure to 
anormali range suggests that the high umbilical venous 
pressure is in part explained by myocardial dysfunction 
(e.g., high-output heart failure), which is quickly alle- 
viated by intravascular transfusion. This conclusion 
would seem to conflict with studies of the neonate.‘ 
However, the neonatal studies would be subject to a 
wide range of variables altered by the birth process. 
The decline is probably not the result of a cord “spasm” 
since the umbilical artery systolic/diastolic ratio de- 
clined with transfusion. Furthermore, since the com- 
pletion of this study we have observed the umbilical 
venous pressure of a fetus with a procedure-related 
bradycardia; it exceeded 60 mm Hg. A definitive an- 
swer will require additional study including fetal blood 
volume measurement. 

Although the number of fetuses who did not receive 
pancuronium was small, there was no evidence that 
pancuronium altered the umbilical venous pressure. 
This is consistent with the known pharmacology be- 
cause pancuronium causes little or no histamine release 
and no ganglionic blockade.® 

The methods used for pressure measurement merit 
further comment. The fetal pressure transducer is tra- 
ditionally placed at the level of the maternal heart dur- 
ing animal study.-We selected the level of the fetal heart 
as our standard location because the fetus was the object 
of the study and the level of the fetal heart can be 
accurately identified ultrasonographically. It is possible 
that some fetal trunk rotation occurred from the time 
the transducer was set and zeroed until the time the 
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pressures were actually measured (1 to 5 minutes). 
However, we were unaware of any such movement, and 
fetal movement during the measurement was often in- 
hibited by neuromuscular blockade. Ideally amniotic 
fluid pressure measurement would occur with the 
transducer at the level of the needle tip. Therefore the 
actual amniotic fluid pressure reported in this study 
may be slightly elevated. However, we do not believe 
this possible bias is clinically relevant. 

The progressive increase in amniotic fluid pr essure 
with advancing gestation was unexpected, although in 
retrospect it was logical. Prior animal and human stud- 
ies involving amniotic fluid pressure measurement may 
have occurred over too narrow a gestational age span 
or were focused on other areas such as uterine activity 
or fetal blood pressures. That women with hydramnios 
have elevated amniotic fluid pressure may relate to our 
unpublished observation that uterine decompression 
enhances the efficacy of tocolysis in women with hy- 
dramnios and preterm labor. 

In conclusion, human amniotic fluid and fetal um- 
bilical pressures may be measured during cordocen- 
tesis. These measurements are affected by a variety of 
fetal disorders. In the future, fetal umbilical pressure 
measurement may prove of diagnostic and therapeutic 
value. 
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Ovine fetal cardiorespiratory response to nicardipine 


R. Harold Holbrook, Jr., MD,* Ellen M. Voss, BS, and Ronald N. Gibson, BS 


Stanford, California 


Nicardipine, a calcium antagonist associated with decreased uterine blood flow in near-term pregnant 
rabbits and fetal asphyxia after maternal administration in the rhesus monkey and sheep, was infused 
directly to the fetus in six chronically prepared pregnant ewes at 128 days’ gestation. Changes in fetal 
mean arterial and diastolic blood pressure levels at 2 and 30 minutes after bolus injection of 50 pg were 
minimal; by 60 minutes these values had returned to preinfusion levels. No significant changes were 
observed after infusion of 100 wg of nicardipine. Fetal heart rate, fetal arterial blood gas values, and 
maternal cardiovascular variables did not change at either dose. Fetal plasma concentrations of 
nicardipine were 78 + 28 ng/ml and 114 + 48 ng/ml at 30 minutes after infusion of 50 pg and 100 ug, 
respectively, well within the range previously reported to be associated with fetal asphyxia. These data 
suggest that the previously reported fetal acidosis from matarnal infusion of nicardipine may be primarily 
due to a decrease i in maternal uterine blood flow rather than a direct fetal effect of the drug. (Am J OBSTET 


GYNECOL 1989;161:718- -21.) 


Key words: Premature labor, calcium channel blockers, nicardipine, fetus, sheep 


Calcium antagonists are potential alternatives to 3- 
adrenergic agonists for preterm labor tocolysis. Nicar- 
dipine, a dihydropyridine derivative, has been found 
to inhibit uterine activity iri the preterm pregnant rab- 
bit,” the rhesus monkey,‘ and the postpartum rabbi:.5 
Nicardipine also decreases contractility in isolated ha- 
man myometrial strips’ and delays delivery in pregnant 
rabbits.’ Nifedipine, a similar dihydropyridine calcium 
antagonist, has been used as a tocolytic agent in. humen 
subjects, but maternal and fetal side effects have not 
been well studied. Maternally administered, nicarci- 
pine, however, has been associated with fetal asphyxia 
in pregnant animals, and placental transfer has been 
documented. It is not clear whether fetal asphyxia is 
mediated through alteration in uteroplacental perfu- 
sion or by a direct action on the fetus (e.g., alterations 
in umbilical or ductal blood flow). To determine the 
effect of nicardipine on the fetus independent of 
changes in uterine blood flow, we administered the 
drug directly to the fetus and measured the fetal car- 
diorespiratory response. 


Material and methods 


Ahimal preparations and studies were performed in 
the Stanford Research Animal Facility. The study pro- 


From the Section of Maternal-Fetal Medicine, Department of Gy- 
necology and Obstetrics, Stanford University School of Medicine. 

_ *Supported by National Institutes of Health Grants HD-19190 and 
HD-22727, Biomedical Research Support Grant S07 RR-05353, 
and the Mellon Foundation. 

Presented at the-Ninth Annual Meeting of the Society of Perinatal 
Obstetricians, New Orleans, Louisiana, February 2-4, 1989. 

Reprint requests: R. Harold Holbrook, Jr, MD, Room A-342, Dz- 
partment of Gynecology and Obstetrics, Stanford University School 
of Medicine, Stanford, CA 94305. 

6/6/13717 


tocol was approved by the Stanford University Kine 
istrative Panel on Laboratory Animal Care. Six cross- 
bred Western pregnant ewes at, 128 days’ gestation with 
single fetuses were fasted 24 hours before surgery and 


regional anesthesia was induced in the lower body 


with an epidural injection of 40 mg of tetracaine 
hydrochloride. Intravenous ketamine hydrochloride 
(8 mg/ min) was administered to maintain sedation, and 
supplemental diazepam, was given as ‘needed up to a 
total dose of 2 mg/kg. Polyvinyl. catheters (0. 05 inch 
inner diameter, 0.09 inch outer diameter) were ad- 
variced into the ewe’s descending aorta and. inferior 
vena cava through the saphenous artery and vein. A 
midline abdominal incision was made to expose the 
uterus. Lidocaine 0.5% was used to induce local anes- 
thesia in the fetus and polyvinyl catheters (0.03 inch 
inner diameter, 0.05 inch outer diameter) were placed 
in the fetal descending aorta and inferior vena cava 
through the saphenous artery and vein. A catheter was 
placed in the amniotic cavity for measurement of in- 
trauterine pressure. Ail catheters were filled with go- 
dium heparin, sealed with copper plugs, and tunneled 
to a pouch attached to the ewe’s flank. The ewe received 
40,000 U/kg of penicillin postoperatively and was al- 
lowed to recover for 48 hours. 

With the ewe standing quietly in a study cage with 
free access to food and water, baseline measurements 
were made over a 10-minute period. Fetal arterial pres- 
sures and heart rate, maternal arterial pressures and 
heart rate, and amniotic pressure levels were measured 
on a Gould 2800S 8-channel recorder. Fetal descending 
aortic oxygen saturation and hemoglobin levels were 
measured with a Radiometer OSM3 hemoximeter, and 
blood gases were measured with a Corning 170 blood 
gas analyzer at 39° C. After baseline measurements 
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Table I, Fetal and maternal cardiorespiratory responses to fetal infusion of 50 wg of nicardipine 





Fetal (n = 6) 

Heart rate i 159 + 13 
Mean arterial pressure (mm Hg) 48 +5 
Systolic pressure (mm Hg) 6447 
Diastolic pressure (mim Hg) 3944 
Hemoglobin (gm %) 10+ 1.4 
Hemoglobin saturation (%) re 741 
Distal aortic pH : 2 +0. 
Distal aortic Po, (mm Hg) 8.2 & 2. 
Distal aortic Pco, (mm Hg) 8.2 + 3. 
Maternal (n = 5) 

Heart rate ` 

Mean arterial pressure imm Hg) 

Systolic pressure (mm Hg) 

Diastolic pressure (mm Hg) 


3.4 
03 
5 
5 


107 + 13 
102 + 10 
141 + 15 
83 +8 


60 Minutes 
176 + 28 166 + 26 17] + 34 
44 + 3% 46 + 3* : 47 + 3 
60 + 4 64 + 3 65 +5 
37 = 3% 37 + 4* 39 + 3 
10.8 + 1.9 10.7 + 1.3 10.7 + 2.0 
49.5 + 11.7 50.0 + 13.0 50.9 + 12.6 
7.37 + 0.03 7.37 + 0.03 7.36 + 0.04 ` 
18.9 + 2.4 18.7 + 3.0 19.1 + 2.9 
47.4 + 3.7 46.5 + 3.1 49.0 + 3.1 
108 + 19 106 + 15 106 + 13 
105 + 12 102 + 11 103 + 10 
1444 17 140 + 14 144 + 15 
85 + 10 83 +9 82 +9 





All values represent the mean + SD. 
*p <0.05 versus preinfusion value. 


were obtained, a 50 wg bolus of nicardipine hydro- 
chloride (Syntex Pharmaceuticals, Palo Alto, Calif.), 
prepared as a fresh sterile solution of 2 mg/cc with 
6 mg/cc sodium chloride added, was infused into the 
fetal inferior vena cava. The above measurements were 
then repeated at 2, 30, and 60 minutes. The animal 
was allowed to recover for at least 4 hours before base- 
line measurements were repeated. The study was re- 
peated as above with 100 wg bolus of nicardipine. At 
30 minutes after each bolus injection of nicardipine, 
. fetal blood was drawn from the inferior vena cava and 
centrifuged. The serum was stored frozen at — 80° G 
for later analysis by high-performance liquid chroma- 
tography. Nicardipine dosages were chosen on the basis 
of estimated fetoplacental blood volume to achieve a 
fetal plasma concentration of approximately 50 ng/ml 
at 60 minutes. This concentration is similar to that re- 
ported in studies in which fetal asphyxia developed 
after maternal administration. ' 

‘The ewe was killed by i injection of pentobarbital and 
saturated potassium chloride before bilateral thoracot- 
omy. The fetus was removed from the uterus and 
weighed. Fetal arterial pressure was corrected by sub- 
traction of the amniotic fluid pressure. Fetal and ma- 
ternal blood pressure levels and heart rates, and 
fetal descending aortic blood gas and pH levels 
were compared before and at each time period after 
each nicardipine infusion by one-way analysis of 
variance for repeated measures. When the repeated 
measures analysis of variance revealed differences 
between time periods, Fisher’s nonparametric paired 
least significant difference test was used to deter- 
mine between which measurements the differences 
were significant. 


Results 


Fetal arterial pressure level and heart rate, descend- 
ing aortic hemoglobin concentration, hemoglobin sat- 


uration, and blood gas and pH levels were measured 
in six animals after infusion of 50 yg of nicardipine. 
In five of these animals, maternal arterial pressure 
levels and heart rates were also obtained. Values of 
these variables at preinfusion and at 2, 30, and 60 min- 
utes are listed in Table I. A small (2 to 4 mm Hg) but 
significant decline in fetal mean and diastolic pressure 
was noted at 2 and 30 minutes after infusion, but these 
values returned to baseline by 60 minutes. Changes in 
all other maternal and fetal variables were not signifi- 
cantly different from preinfusion values at any of the 
time periods. 

Similar results were obtained after infusion of 100 
ug of nicardipine. Maternal and fetal variables were 
measured in five animals and are listed in Table II. No 
differences in any of the variables were noted at 2, 30, 
or 60 minutes after infusion. 

Fetal plasma concentrations of nicardipine after 
bolus administration of 50 ug were 527 + 345 ng/ml, 
78 + 28 ng/ml, and 41 + 25 ng/ml at 2, 30, and 60 
minutes, respectively. With bolus administration of 100 
wg of nicardipine, the fetal plasma concentrations were 
414 + 17 ng/ml, 114 + 48 ng/ml, and 61 + 29 ng/ml 
at 2, 30, and 60 minutes, respectively. The calculated 
half-life for nicardipine in the fetal circulation was 
25.6 + 5.2 minutes and 22.3 + 5.9 minutes for bolus 
administration of 50 wg and 100 Mg of nicardipine, 
respectively. 


Comment 


This study suggests that the previously reported fe- 
tal acidosis. that occurs after maternal infusion of 
nicardipine* may be primarily due to a decrease in ma- 
ternal uterine blood flow rather than a direct fetal effect 
of the drug. The fall in uterine blood flow observed in 
near-term pregnant animals after maternal infusion of 
calcium antagonists has been considered to be mainly 
due to peripheral vasodilation, which results in mater- 
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Table II. Fetal and maternal cardiorespiratory responses to fetal infusion of 100 jg of nicardipine 








Fetal (n = 5) 
Heart rate 161 + 34 
Mean arterial pressure (mm Hg) 44 + 10 
Systolic pressure (mm Hg) 60 + 13 
Diastolic pressure (mm Hg) 36 + 9 
Hemoglobin (gm %) IILI + 2.9 
Hemoglobin saturation (%) 43.2 + 20.0 
Distal aortic pH 7.32 + 0.10 
Distal aortic Po, (mm Hg) 17.7 + 3.0 
Distal aortic Pco, (mm Hg) 55.2 + 8.2 

Maternal (n = 5) ; 
Heart rate 98 + 12 
Mean arterial pressure (mm Hg) 105 + 10 
Systolic pressure (mm Hg) 149 + 13 
Diastolic pressure (mm Hg) 8449 





All values represent the mean + SD. 


nal hypotension and a fall in perfusion pressure. The 
uterine vasculature is considered to be maximally di- 
lated near term and a diversion of flow to other regions 
should be expected to occur. 

In the pregnant ewe, Golichowski et al.” and Harake 
et al? observed that continuous maternal nifedipine 
infusion caused a significant fall in maternal arterial 
pressure levels and a (presumably reflex) rise in ma- 
ternal heart rate. In Harake’s study, a significant fall :n 
uterine blood flow was observed at an infusion rate of 
10 pg/ kg/min, and fetal pH, arterial oxygen content, 
and hemoglobin saturation declined significantly. Uter- 
ine vascular resistance did not change, however, ar.d 
therefore the fall in uterine blood flow could be attrib- 
uted to decreased maternal arterial pressure levels. 
There was no change in fetal heart rate or arterial blocd 
pressure level. There was, however, an increase in total 
and regional fetal cerebral blood flow consistent with 
fetal adaptation to asphyxia. 

In the near-term pregnant rabbit," continuous ma- 
ternal nicardipine infusion at dosages that caused sig- 
nificant reductions in prematurely induced uterine ac- 
tivity were found to cause a rise in maternal heart rate 
and fall in maternal arterial pressure level. A fall 
in total uterine and placental blood flow also occur- 
red despite a significant increase in maternal cardiac 
output.? 

Ducsay et al.* administered a bolus of 500 yg of ni- 
cardipine to the pregnant rhesus monkey and then con- 
tinuously infused 6 g/kg/min. A significant decline 
in maternal arterial pressure level and increase in ma- 
ternal heart rate occurred. Despite fetal plasma con- 
centrations of nicardipine, which averaged 6% of ma- 
ternal serum levels, no changes occurred in fetal heart 
rate or arterial blood pressure level. There was how- 
ever, a significant fall in fetal arterial pH and Pop, and 
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60 Minutes 





: 


172 + 21 166 + 19 173 + 16 
42 +9 42 +8 42 +7 
56+ 11 58 + 10 60 + 8 
35 + 8 3447 36 +6 

10.5 + 2.6 10.4 + 2.0 10.8 + 2.3 

41.3 + 214 45.4 + 19.6 42.6 + 21.1 
7.32 + 0.10 7.31 + 0.11 7.3) + 0.12 
17.1 + 3.7 18.1 + 2.7 17.3 + 2.9 
53.6 + 7.0 52.6 + 7.3 55.4 + 8.0 

101+ 11 120 + 38 114 + 24 

10447 104 + 11 104 +9 

146 +9 146 + 12 145 + 11 
85 + 8 83 + 12 8449 


an increase in fetal arterial Pco,. Uterine blood flow 
was not measured, but the lack of change in fetal blood 
pressure level suggests that the fetal asphyxia was more 
likely a result of a decrease in uteroplacental perfusion. 

In our study, bolus administration of nicardipine to 
the fetus resulted in fetal serum concentrations of 
414 + 17 ng/ml to 527 + 345 ng/ml after 2 minutes, 
and 41 + 25 ng/ml to 61 + 29 ng/ml at 60 minutes 
after infusion. The observation that 2-minute serum 
levels were higher after injection of 50 pg than they 
were after 100 wg may be explained by an increased 
variability of serum levels measured soon after injec- 
tion, before equilibrium is complete. The levels at 30 
and 60 minutes, however, reflect the dosage injected, 
higher levels being associated with the injection of 100 
ug. In the rhesus monkey, Ducsay et al.* observed fetal 
asphyxia at peak fetal plasma nicardipine concentra- 
tions of 7 to 35 ng/ml. Harake et al.* described signif- 
icant asphyxial changes at fetal plasma nifedipine levels 
of 91 + 8 ng/ml. Thus, it would appear that maternal 
administration of these agents, which results in mater- 
nal hypotension and decreased uterine blood flow, is 
required for these adverse fetal effects to occur. 

Because calcium antagonists apparently cross the pri- 
mate placenta and are vasodilators, the chronically as- 
phyxiated fetus may be adversely affected by these 
agents. Redistribution of blood flow to vital organs such 
as the brain, heart, and adrenals through a selective 
peripheral vasoconstriction may be reversed by vaso- 
dilators and result-in worsening of fetal asphyxia. 
Whereas our study did not demonstrate a significant 
change in fetal peripheral resistance after nicardipine 
infusion in the normoxic fetus, the effect of this and 
similar agents on the compensated asphyxiated fetus is 
not known. 

When comparison is made of the side effects of nj- 
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cardipine and nifedipine, it should be recognized that 
different calcium antagonists display different degrees 
of action on uterine, vascular, and cardiac tissue.’ In 
addition, calcium antagonis:s affect fetal and adult car- 
diovascular systems differently and therefore the typ- 
ical adult response should not necessarily be expected 
in the fetus.’ 

Whereas our study confirms the tolerance of the nor- 
moxic ovine fetus to nicardipine, the reported adverse 
effects on uterine blood flow and limited experience 
with these agents in the treatment of human preterm 
labor limits enthusiasm for their unrestricted use. 
Ulmsten et al." have reported that when nifedipine was 
used clinically to treat premature labor, maternal ar- 
terial pressure was not affected, but a transient increase 
in heart rate occurred. No change in fetal heart rate 
was observed, and there were no neonatal complica- 
tions noted. However, Read and Wellby” found that 
although neither maternal heart rate nor blood pres- 
sure levels were altered by maternal administration of 
nifedipine, fetal heart rate was significantly increased. 
We (Ferguson JE II, Holbrook RH Jr., Unpublished 
observations) noted decreased diastolic and mean blood 
pressure and reflex tachycardia in 12 preterm labor 
patients treated with sublingual and oral nifedipine. 
Whereas no adverse fetal effects have been reported 
in human beings, maternal hypotension does occur, 
and there exists the potential for adverse fetal effects 
at higher dosages or when fetal growth retardation or 
chronic asphyxia are present. Further studies of the 
response to the hypoxic fetus to calcium antagonists 
and changes in uterine blood flow in human beings are 
warranted. 


10. 
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Effect of prolonged hypoxemia on fetal heart rate accelerations 


and decelerations in sheep 


Alan D. Bocking, MD,* Susan White, BSc, Robert Gagnon, MD, and Howard Hansford 
London, Ontario, Canada 


Experiments were conducted in 10 chronically catheterized fetal sheep to determine the effect of 24 hours 
of hypoxemia in the absence of progressive acidemia on fetal heart rate accelerations and decelerations. 

Fetal hypoxemia was produced by mechanically restricting uterine blood flow with a vascular clamp placed 
around the maternal common internal iliac artery. Fetal arterial oxygen tension decreased from 22.3 + 1.8 


to 17.8 + 1.5 mm Hg at 2 hours and remained low for the 24-hour experimental period. Fetal pH 
decreased from 7.34 + 0.01 to 7.20 + 0.05 at 2 hours and returned to normal values by 12 hours. No 
significant change was observed in the number or characte’istics of fetal heart rate accelerations or 
decelerations during the 24-hour control period. There was a significant increase in the number of 
accelerations from 48 + 4 to 63 + 4 per hour at 8 hours of hypoxemia followed by a return to control 
values by 12 hours. There was no significant change in the mean amplitude or duration of accelerations. 
There was a significant increase in the number of decelerafions per hour with an associated increase in 
the mean amplitude but a decrease in the mean duration oi decelerations during the first 16 hours of 
hypoxemia. We conclude that prolonged hypoxemia in fetal sheep leads to an initial increase in the 
number of both accelerations and decelerations in fetal heart rate followed by a return to normal patterns 
indistinguishable from those of the normoexemic fetus. (AM J Osstet GynecoL 1989;161:722-7.) 


Key words: Hypoxemia, fetal heart rate, fetal sheep 


Assessment of the presence or absence of fetal heart 
rate (FHR) accelerations in the antepartum period is 
widely used clinically to determine fetal health.’ In the 
near-term human fetus, FHR accelerations occur 
episodically? and generally in association with gross fe- 
tal body movements.** We have shown. that in feral 
sheep, during the latter third of pregnancy, the ma- 
jority of FHR accelerations also occur in association 
with fetal skeletal muscle activity measured by means 
of electromyogram recordings.® It is likely therefore 
that the central mechanisms controlling FHR acceler- 
ations in sheep are similar to that in the human 
fetus. 

Little is known, however, about the mechanisms that 
regulate accelerations and decelerations in FHR under 
conditions of prolonged hypoxemia that may occur in 
human pregnancies, during labor, or in the antepartum 
period. We have previously demonstrated that there is 
an increase in both the number and the amplitude of 
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FHR decelerations but no change in the number or 
characteristics of accelerations in fetal sheep subjected 
to a 2-hour episode of hypoxemia that is secondary to 
the restriction of uterine blood flow.’ We have now 
extended the period of restricted uterine blocd flow to 
24 hours to determine if more prolonged hypoxemia 
in the absence of progressive acidemia will have a dif- 
ferent effect on FHR accelerations and decelerations 
in the fetal sheep. This unique experimental situation 
would most closely resemble that occurring in human 
pregnancy with prolonged utercplacental insufficiency 
such as may occur with abruptio placentae during the 
antepartum or intrapartum per-od. 


Material and methods 


Surgical procedure. Surgery was performed on 10 
pregnant sheep of known mating dates between 120 
and 125 days’ gestation, with a mean (+SEM) gesta- 
tional age at the time of surgery of 122 + 1 days. An- 
esthesia was induced with intravenous thiopental (Ab- 
bott Laboratories, Montreal) and maintained with a 
combination of 1% halothane and 50% oxygen~—50% 
nitrous oxide. With a sterile technique, a midline in- 
cision was made in the ewe’s abdomen and a polytet- 
rafluoroethylene vascular clamp was placed around the 
maternal common internal iliac artery. The ovarian ar- 
teries were ligated bilaterally. Polyvinyl catheters (V4; 
Bolab, Lake Havasu City, Ariz.) were placed in the fetal 
descending aorta (n = 2) and in the brachiocephalic 
artery (n = 8) for arterial blood sampling. Polyvinyl 
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Fig. 1. Typical example of mean heart rate ot a sheep fetus at 130 days’ gestation with the baseline 
for identification of accelerations and decelerations superimposed. 


Table I. Fetal arterial blood gas tensions, percent oxygen saturation, and mean FHR, before (— 1) and 


during the period of reduced uterine blood flow 





Oxygen saturation (%) 54.6 + 3.1 31.9 + 2.8* 
Po, (mmHg) 22.3 + 1.8 17.5 + 0.7* 
Pco, (mmHg) 49.4 + 0.9 55.2 + 2.0 
Base excess (mmol/L) 0.3 + 0.6 ~3.94 15 
pH 7.34 + 0.01 7.25 + 0.03 
FHR (beats/min) 177+ 4 185 + 12 


Results are mean values + SEM (n = 10). 
*p < 0.001, compared with control (— 1 hour). 
tp < 0.05, compared with control (~1 hour). 


catheters (VII; Bolab) were also placed in the maternal 
femoral vein and the amniotic cavity. Fine stainless steel 
wires (Cooner Sales Co., Chatsworth, Calif.), were 
placed over the fetal sternum for recording of the elec- 
trocardiogram (ECG). The uterine incision was re- 
paired and the control cable for the vascular clamp, as 
well as all catheters and electrodes, were exteriorized 
to the ewe’s flank. 

Sodium penicillin G (1,000,000 units) was infused 
into the fetus and the amniotic cavity at the time of 
surgery and daily for the next 3 days. Sodium penicillin 
G (800,000 units) and streptomycin (250 mg) were in- 
jected intramuscularly to the ewe at the same time in- 
tervals. The ewes were housed in individual cages, with 
free access to food and water, and were allowed at least 
5 days to recover from surgery before any experiments 
commenced. The use of animals for these studies was 
approved by the University of Western Ontario Council 
on Animal Care in keeping with guidelines provided 
by the Canadian Council on Animal Care. 

Experimental protocol. All experiments began at 


31.8 + 3.9% 27.5 + 2.7% 29.1 + 2.1% 
17.8 + 1.5% 15.9 + 1.4* 15.6 + 1.0* 
55.0 = 2.7 51.9 + 1.2 52.1 + 0.9 
—6.7 + 2.0t -2.7 + 1.0 -1.914 
7.20 + 0.05f 7.28 + 0.02 7.29 + 0.02 
192 + 8} 196 + 7t 189 + 7t 


10 AM and consisted of a 24-hour control period during 
which continuous recordings of FHR were made. The 
vascular clamp was then manipulated to reduce the 
fetal arterial oxygen saturation by approximately 40%. 
Fetal arterial blood samples were drawn initially at 5, 
10, and 15 minutes to ensure a stable reduction in fetal 
arterial oxygen saturation. Fetal arterial blood samples 
were subsequently obtained at intervals of 2 to 4 hours 
for a further 24 hours for measurement of blood gas 
tensions, hemoglobin, and fetal arterial oxygen satu- 
ration. 

Data analysis. The fetal ECG was recorded with an 
AC electroencephalogram preamplifier (model 7P511, 
Grass Instruments, Quincy, Mass.) with successive R-R 
intervals recognized by a microprocessor rate meter 
(JRAK Biosignals, Malvern, Australia). An error rejec- 
tion algorithm excluded any intervals that were <80% 
or >120% of the previous valid interval. FHR was then 
sampled by a microprocessor (Hartronix, Toronto) 
every 200 msec and stored for subsequent off-line anal- 
ysis. A baseline FHR was determined by the micropro- 
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Fig. 2. Mean number per hour, amplitude, and duration of 
FHR accelerations in 4-hour epochs for the 24 hours before 
and 24 hours during hypoxemia indicated by the solid bar. 
*p < 0.05. 


cessor as the mean FHR over the previous 5 minutes, 
and accelerations and decelerations were identified as 
transient increases or decreases in the FHR of >10 
beats/min lasting for =5 seconds. Fig. 1 demonstrates 
a typical example of the mean FHR of a sheep fetus at 
130 days’ gestation with the baseline superimposed. 

Arterial oxygen tension, carbon dioxide tension, and 
pH were measured with an ABL glood gas analyzer 
(Radiometer, Copenhagen) at 37° C and then corrected 
for a fetal temperature of 39° C. Arterial oxygen sat- 
uration and hemoglobin were measured with an OSM2 
Hemoximeter instrument (Radiometer). All results are 
presented as mean values + SEM. Statistical signifi- 
_ cance was determined with either a one-way or two- 
way analysis of variance with repeated measures where 
appropriate.® 


Results 


Blood gas tensions and fetal arterial oxygen satu- 
ration. There was a significant decrease (p < 0.001) in 
both fetal Po, and fetal arterial oxygen saturation from 
control values of 22.3 + 1.8 mm Hg and 54.6% + 
3.1%, respectively, which was maintained for the du- 


September 1989 
Am J Obstet Gynecol 

















50; o—e ~1— 0hr 
S aen 0E he 
S aof . 

E 

tg | 

pa | 

im 

O 20+ 

Q 

<T A 

5 10 eh 

ae 0 5 

yy 50r 

ő 

~ 40 

z 

ty 30 

i 

Q 20+ 7 x 

A a 

"s 10+ ~ 

dL ol Fy 
| cere Arrears Sees AMC Leen AET amen | 
5 Z5 45 65 >265 


AMPLITUDE (bpm) 


Fig. 3. Frequency distribution of tbe amplitude of accelera- 
tions and decelerations in intervals of 5 beats/min’before and 
at 1 and 24 hours of hypoxemia. 


ration of the 24 hours (Table I). There was a small but 
significant decrease ip < 0.05) in fetal arterial pH from 
7.34 + 0.01 during the control period to 7.20 + 0.05 
at 2 hours of hypoxemia although pH subsequently 
returned to near-nermal values This decrease in pH 
was largely due to the decrease (¢ < 0.05) in base excess 
from 0.3 + 0.6 before the onset of hypoxemia to 
~6.7 + 2.0 at 2 hours (Table I). There was a small, 
nonsignificant increase in fetal arterial Pco, from 
49.4 + 0.9 mm Hg during the control period to a max- 
imum value of 55.2 + 2.0 mm Hg at 1 hour of hypox- 
emia. There was no significant change in fetal hemo- 
globin concentrations from control values of 9.1 + 0.5 
gm/dl during the experimental period. 

Mean FHR. There was an initiel decrease in the mean 
FHR after manipulation of the vascular clamp, as re- 
ported previously.” This decrease was followed by a 
tachycardia with the maximum increase in mean FHR 
seen at 12 hours (Table I). There was no significant 
change in the fail time of FHR analyzed from 


3.4% + 0.9% during the 24-hcur control period to 


4.5% + 1.9% during the 24 hours of hypoxemia. 

Accelerations. There was no significant change in 
the mean number per hour, amplitude, or duration of 
accelerations during the 24 hours before the onset of 
hypoxemia (Fig. 2). 
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Fig. 4. Frequency distribution of the duration of accelerations 
and decelerations in 5-second intervals before and at 1 and 
24 hours of hypoxemia. i 


There was a significant increase (p < 0.01) in the 
number of accelerations from 48 + 4 per hour during 
the 4 hours immediately before the onset of the re- 
striction in uterine blood flow to a maximum of 63 + 4 
per hour at 8 hours of hypoxemia. This was followed 
by a return to control values for the number of accel- 
erations per hour by 12 hours of hypoxemia (Fig. 2). 
There was no significant change in the mean amplitude 
or duration of accelerations (Fig. 2). 

There were no, significant changes in the frequency 
distribution of the amplitude of accelerations at 1 hour 
or at 24 hours of hypoxemia when compared with the 
control period (Fig. 3).There was also no significant 
change in the frequency distribution of the duration of 
accelerations at 1 ‘and 24 hours of hypoxemia (Fig. 4). 

Decelerations. There was no significant change in 

- the mean number per hour, amplitude, or duration of 
decelerations during the 24 hours before the onset of 
hypoxemia (Fig. 5). 

There was a significant increase (p < 0.01) in the 
number of decelerations from 44 + 5 per hour during 
the 4 hours before the onset of the restriction in uterine 
blood flow to a maximum of 61 + 6 at 8 to 12 hours 
of hypoxemia (Fig. 5). The number of decelerations 
per hour then returned to control values. There was a 
significant increase (p < 0.05) in the mean amplitude 
of decelerations from 20 + 1.2 beats/min during the 
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Fig. 5. Mean number per hour, amplitude, and duration of 
FHR decelerations in 4-hour epochs for the 24 hours before 
and 24 hours during hypoxemia, indicated by the solid bar. 
*p < 0.05, 


control period to 25 + 1.6 beats/min during the first 
16 hours of hypoxemia followed by a return to control 
values (Fig. 5). There was also a significant decrease in 
the mean duration of decelerations from 29.9 + 2.5 
seconds during the control period to 19 + 1.3 seconds 
at 4 to 8 hours of hypoxemia. This was followed by a 
return to control values (Fig. 5). 

There was no significant change in the. frequency 
distribution of amplitude (Fig. 3) or duration (Fig. 4) 
of decelerations at 1 and 24 hours of hypoxemia when 
compared with the control period. 


Comment 


In this study we have shown that prolonged hypox- 
emia in fetal sheep, which is secondary to the restriction 
of uterine blood flow, leads to an initial increase in the 
number of FHR accelerations and decelerations. This 
extends the observations of our previous study in which 
we found that 2 hours of hypoxemia of similar severity 
in fetal sheep leads to an increase in the number of 
decelerations.” These results are consistent with the 
findings of Dalton et al.” and Parer et al.," that short- 
term hypoxemia induced by having the ewe inspire a 
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reduced oxygen gas mixture leads to an increase in both 
beat-to-beat variability and the 2-minute standard de- 
viation of fetal heart periods. Huch et al." also dem- 
onstrated that FHR variability in the human fetus dur- 
ing labor may be either increased or unchanged with 
hypoxemia as indicated with a transcutaneous Po, elec- 
trode. 

In our study the increase in accelerations and de- 
celerations was maintained for 12 to 16 hours, during 
which time the fetal arterial oxygen saturation re- 
mained significantly depressed at approximately 60% 
of control values. In fetal sheep FHR variability does 
not decrease with acutely induced maternal hypoxemia 
until severe metabolic acidemia has developed.” In our 
study acidemia, which was both metabolic and respi- 
ratory, occurred initially but pH returned ‘to near- 
normal values by 12 hours. The effect of metabolic 
acidemia alone on FHR accelerations and decelerations 
is not known although it may contribute to the charges 
observed in this study. 

` It is of particular interest that the pattern of FHR 

accelerations and declerations returned to that of the 
normoexemic fetus by 16 hours, despite a persistent 
reduction in both fetal arterial Po, and fetal arterial 
oxygen saturation. This same time period of adaptacion 
by the sheep fetus to prolonged hypoxemia that is sec- 
ondary to the restriction of uterine blood flow occurs 
for behavioral activity.’ The presence of FHR accel- 
erations is closely linked to skeletal muscle activity in 
both the sheep and the human fetus.** Therefore the 
return to FHR patterns similar to that of the nor- 
moexemic fetus observed in this study may be a furzher 
indication of the behavioral ‘adaptation to provonerd 
hypoxemia by the sheep fetus. , 

In these experiments, äs in our previous studies, we 
observed an initial reflexively mediated bradycardia 
followed by a prolonged tachycardia. By 24 hours of 
hypoxemia, mean FHR returned to near-normal values 
although the redistribution of blood flow within the 
fetus, to the brain, hearts and adrenal glands, pers:sts.° 
Since oxygen delivery to the brain is maintained by this 
increase in blood flow, despite a constant reducticn in 
both fetal arterial oxygen saturation and Po,, the al- 
terations in FHR regulation observed under these ex- 
perimental conditions do not appear to be mediated by 
either arterial oxygen tension or oxygen content alone. 
The increase in the number of FHR accelerations and 
decelerations and in mean FHR during the first 16 
hours of hypoxemia may, however, be related to a pro- 
longed increase in fetal plasma catecholamine corcen- 
trations, which has recently been observed under sim- 
ilar conditions of prolonged hypoxemia secondazy to 
the restriction of uterine blood flow (Hooper 5, Coulter 
C,.and Harding R. Monash University, Melbourne, 
Australia, personal communication). Although short- 
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term infusion of epinephrine to fetal sheep leads to an 
increase in FHR variability, ® the effect of a prolonged 
increase in circulatory plasma catecholamine concen- 
trations on FHR accelerations and decelerations in 
sheep is unknown. 

Acutely induced hypoxemia in fetal rhesus monkeys 
also results in an increase in FHR variability, although 
the effects are greater on short-term than on long-term 
variability." The appearance of late decelerations in 
FHR has been reported to occur before the loss of 
accelerations in spontaneous onset hypoxemia with 
progressive acidemia in rhesus monkeys. There are 
no reports in the literature regarding the effects -of 
more prolonged hypoxemia in the absence of acidemia 
on FHR variability in nonhuman primates. , 

It is of note that these findings of an initial increase 
in the number of accelerations and decelerations in 
fetal sheep with prolonged hypoxemia differ from that 
thought tó occur in the human fetus. The prolonged 
absence of accelerations in the FHR (>80 minutes) is 
associated with a very high incidence of fetal hypoxemia 
and acidemia and with an increase in both perinatal 
morbidity and mortality. ‘6.17 Smith et al. have recently 
reported a decrease in the number of accelerations, as 
well as in the mean minute range, in preterm human 
fetuses delivered by cesarean section. These fetuses 
were subsequently found to have lower umbilical artery 
Po, values than fetuses with normal FHR characteris- 
tics. It is possible that if we had maintained the reduc- 
tion in oxygen delivery to the fetus for a longer period 
of time we would eventually have observed a decrease 
in the number of FHR accelerations, as is seen in the 
human fetus. In addition, it is important to note that 
the sheep fetuses studied in this-experimental protocol 
were all previously healthy and appropriately grown 
for gestational age. The effects of reduced uterine 
blood flow on FHR accelerations and decelerations in 
the growth:restricted’ sheep ‘fetus are unknown, al- 
though they may more closely resemble those seen in 
the human fetus. ` 


We thank Drs. B. S. Richardson, J. Patrick, and 
J. R. G. Challis for their interest in this work, Mrs. V. 
Ramsay for her excellent technical assistance, and Mrs. 
P: Cheung for statistical advice. 
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Prolonged hyperinsulinemia reduces plasma fatty acid levels in 
the major lipid groups in fetal sheep 


Paul L. Ogburn, Jr., MD, Marshall Goldstein, MD, Jane Walker, BS, and 


Barbara S. Stonestreet, MD 
Providence, Rhode Island 


The offspring of women with poorly controlled diabetes have increased total body fat. Experimental! fetal 
hyperinsulinemia has previously been associated with increasad fat accumulation in rhesus monkey 
fetuses and increased lipid content and lipogenesis in rat fetuses. We hypothesized that prolonged fetal 
hyperinsulinemia would alter plasma total fatty acids and the individual fatty acids in each maior lipid 
group. Fatty acids determined by gas-liquid chromatography were measured inthe arterial blood of 12 
chronically catheterized fetal sheep after 10 to 12 days of insulin (n = 7) or placebo (n = 5) infusion. 


Plasma concentrations of insulin were 412 + 63 pU/ml and- € + 


3 U/ml (mean + SE) in the insulin- and 


placebo-treated fetal sheep, respectively. Prolonged fetal hyperinsulinemia was associated with lower 
circulating total fatty acid levels in each lipid class except cholesterol esters. Although the precursor of 
arachidonic acid, 18:2 (linoleic acid), was not decreased in any lipid class, insulin infusion was associated 
with reduced arachidonic acid in each lipid class. We conclude that prolonged fetal hyperinsulinemia . 
decreases circulating total fatty acid and the individual fatty acids in each of the major lipid classes, except 
for the cholesterol] esters. We speculate that these reductions in circulating fatty acids represent an 
insulin-mediated increase in tissue deposition. (Am J OBsTET GYNECOL 1989;161:728-32.) 


Key words: Insulin, fetus, fatty acids; arachidonic acid, infant of diabetic mother 


In pregnancies complicated by diabetes mellitus, ma- 
ternal hyperglycemia (and consequently fetal hyper- 
insulinemia) has been suggested to be the cause of 
perinatal morbidities in the offspring’ Large-for- 
gestational-age infants of mothers with diabetes have 
been reported to have increased fat accumulation.’ 
Fetal hyperinsulinemia in the absence of hypergly- 
cemia accelerates fetal growth in the rhesus. monkey 
fetus? and enhances fatty acid synthesis in over- 
grown rat fetuses.’ Because insulin increases fetal 
growth, including the deposition of fat, one might 
anticipate that fetal hyperinsulinemia would be asso- 
ciated with altered plasma fatty acids in each of the 
major lipid components. Therefore, in conjunction 
with other studies of fetal hyperinsulinemia,’ we eval- 
uated the effect of hyperinsulinemia on total fatty 
acid levels and: individual fatty acids in each major 
lipid components by comparing plasma values in 
insulin- and placebo-treated fetal sheep, to test the hy- 
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pothesis that the plasma fatty acid patterns are selec- 
tively altered by insulin treatment. 


Material and methods 

The preparation of these animals and the experi- 
mental protocol have been previously reported in de- 
tail.’ Surgery was performed on 12 pregnant mixed 
breed Eastern ewes with known Ereeding dates. Poly- 
vinyl catheters were placed in the fetal descending aorta 
and inferior vena cava through pedal arteries and veins. 
The ewes were housed in the animal care facility post- ` 
operatively and for the duration of the experimental 
protocol and were allowed free access to food and 
water. 

At 4 to 6 days sek surgery, and at 123 to 126 TE 
gestation (term gestation is 150 days), the chronically 
catheterized fetal sheep were assigned to prolonged 
insulin- (n = 7) or placebo-infused (n = 5) groups. In- 
sulin or placebo was then infused into a fetal vein con- 
tinuously for 9 to 12 days. In the insulin-treated fetal 
sheep, 5 U/ml of purified porcine insulin (Iletin II, Eli 
Lilly-and Co., Indianapolis, Ind.) was administered in 
a solution of 0.9% saline, 1.6% glycerol, 0.25% normal 
sheep serum, 1000 U/ml penicillin G, and 100 U/ml 
heparin at a rate of 3 mi/day of irsulin. In the control 
group, a placebo infusion was administered at the same 
rate. After a mean of 11 days of prolonged infusion in 
each group, fetal arterial plasma samples were obtained 
to determine plasma insulin and circulating fatty acid 
levels in the major lipid groups. 
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Fig. 1. Plasma concentrations of total fatty acids were significantly decreased in insulin-infused fetal 
sheep in phospholipids (PL), nonesterified fatty acids (NEFA), and triglycerides (TG), but not in 
cholesterol esters (CE). (Mean + SE, *p = 0.01, **p = 0.02.) 
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Fig. 2. Plasma concentrations of major fatty acids were decreased in phospholipids in insulin-infused 
fetal sheep. Major individual fatty acids measured included myristic (14:0), palmitic (16:0), pal- 
mitoleic (16:1), stearic (18:0), oleic (18:1), linoleic (18:2), and arachidonic (20:4). (Mean + SE, 


*p = 0.01, **p = 0.02.) 


Analytic methods. Plasma insulin concentrations 
were determined by a double antibody radioimmuno- 
assay. Fetal arterial samples obtained to assess fatty 
acids in the major lipid groups were immediately cen- 
trifuged and the plasma was frozen at ~ 20° C until 
analysis. For each analysis, 1 ml of plasma was extracted 
with chloroform/methanol (1:1) with a modified Bligh 
and Dyer technique.’ Substituted forms of heptadecan- 
oic acid (17:0) were added as internal standards to 
quantitate the phospholipids, triglycerides, nonesteri- 
fied fatty acids, and cholesterol esters. Details of ex- 
traction and production of the methyl esters have been 


previously published." The fatty acid methyl esters were 
extracted with petroleum ether and stored under ni- 
trogen at ~4° C until quantitation with capillary col- 
umn gas-liquid chromatography (United Technolo- 
gies/ Packard Model 439, Downers Grove, IIL). Fused 
silica capillary columns were used with a liquid phase 
of 007F/FAP, 50 m x 0.25 mm (Quadrex, New Haven, 
Conn.). Fatty acids were quantitated on a computing 
integrator (Spectra Physics model 4200, San Jose, 
Calif.) by comparison with the heptadecanoic acid in- 
ternal standards, Retention times were determined by 
known standards. Other fatty acids were seen in much 
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Fig. 3. Plasma concentrations of major fatty acids were decreased in noresterified fatty acids in 
insulin-infused fetal sheep. Major individual fatty acids measured included myristic (14:0), palmitic 
(16:0), palmitoleic (16:1), stearic (18:0), oleic (18:1), linoleic (18:2), and arachidonic (20:4). 


(Mean + SE, *p < 0.01, **p = 0.02, ***p = 0.05). 
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Fig. 4. Plasma concentrations of major fatty acids were decreased in triglycerides in insu_in-infused 
fetal sheep. Major individual fatty acids measured included myristic (14:0), palmizic (16:0), 
palmitoleic (16:1), stearic (18:0), oleic (18:1), (18:2), and arachidonic (20:4). (Mean + SE, 


p < 0.01, **p < 0.02.) 


smaller quantities and are not part of the calculatioas. 

Statistical analysis. The two-tailed unpaired Student 
i test was used to evaluate differences between means 
of the insulin- and placebo-treated fetal sheep for all 
fatty acid values reported. Results were reported as 
mean + SEM; p < 0.05 was considered statistically sig- 
nificant. 


Results 
After 11 days of infusion, the insulin concentration 
was 412 + 63 „U/ml and 9 + 3 pU/ml (mean + SE) 


in the insulin- and placebo-treazed fetal sheep, respec- 
„tively. The total plasma fatty acids of phospholipids, 
nonesterified fatty acids, and triglycerides each were 
„significantly decreased in the insulin-infused fetal 
sheep (Fig. 1). Circulating fatty acid quantities and pat- 
terns for phospholipids, nonesterified fatty acids, and 
triglycerides are shown in Figs. 2, 3, and 4. Most of the 
major individual fatty acids, including arachidonic acid, 
were decreased in the insulin-created sheep. Linoleic 
acid did not follow this pattern in any lipid groups. 
Cholesterol esters, unlike the other lipid groups, did 
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Fig. 5. Plasma concentrations were not consistently altered in cholesterol esters in insulin-infused 
fetal sheep. Major individual fatty acids measured included myristic (14:0), palmitic (16:0), pal- 
mitoleic (16:1), stearic (18:0), oleic (18:1), linoleic (18:2), and arachidonic (20:4). (Mean + SE, 


*p < 0.01,***p < 0.05.) 


not show significant decreases in the circulating fatty 
acids in the insulin-treated fetal sheep (Fig. 5). 


Comment 


Insulin treatment for 11 days selectively reduced cir- 
culating phospholipid, triglyceride, and nonesterified 
fatty acids in the fetus. Because insulin promotes the 
movement of glucose and nonesterified fatty acids into 
cells including adipocytes for triglyceride production,® 
these reduced plasma levels may reflect increased tissue 
deposition for fat accumulation in the hyperinsulinemic 
fetus.** This concept is supported by insulin enhanced 
fatty acid synthesis in hyperinsulinemic rat fetuses." 
Moreover, sustained hyperinsulinemia may diminish 
lipolysis, contributing to the lower circulating nones- 
terified fatty acid levels for production of liver phos- 
pholipids and triglycerides.* Therefore we speculate 
that the reduced total fatty acid plasma levels in our 
hyperinsulinemic fetal sheep may reflect increased fat 
synthesis and reduced lipolysis for the production of 
lipid-rich tissues in the fetus. . 

Linoleic acid is the precursor of arachidonic acid and, 
therefore, an essential fatty acid. Unlike arachidonic 
acid, however, it did not show significant decrease in 
response to insulin infusion. This may be, in part, be- 
cause of relatively low levels of linoleic acid in the cir- 
culation of fetal sheep. It is possible that most of the 
linoleic acid available to the ovine fetus is converted to 
arachidonic acid before significant accumulation occurs 
in the fetal compartment. Another possibility might be 
that elongation of linoleic acid to arachidonic acid is 
reduced by insulin treatment of the fetus. On the other 
hand, preferential uptake of linoleic acid, and thus its 
removal from circulation by fetal tissues of diabetic rats, 
has been reported.” 


Alterations in cholesterol esters were not as great as 
those of the other lipid components, which suggests 
that production in the fetus is less insulin-dependent. 
There is evidence that cholesterol esters are trans- 
ported to the fetus from maternal circulation, and very 
little may be made directly by the fetus.” 

It is well established that increased insulin availability 
decreases nonesterified fatty acids and triglycerides in 
the plasma of adults, fetuses, and neonates in some 
animal models.*!' There is also evidence that, at least 
in human beings and sheep, fetal plasma lipid levels 
are much lower than those of the maternal com- 
partment.** 

Prior work has suggested that hyperinsulinemia in 
the fetus leads to increased deposition of fatty acids 
into fat and other tissue stores." **" The present study 
suggests that the immediate source of these fatty acids 
is in part the circulating lipids (triglycerides, nonester- 
ified fatty acids, and phospholipids) whose levels are 
decreased by the action of insulin. 


We acknowledge Dennis Berard for his excellent 
technical assistance and the continued support of Wil- 
liam Oh, MD. 
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Pharmacokinetics of .azidothymidine during late pregnancy in | 


Long-Evans rats 
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L. C. Gilstrap IT, MD 
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Azidothymidine (Zidovudine) is used to treat symptomatic human immunodeficiency virus infection. It has 
the ability to reverse seropositivity as well as decrease serum viral titers, and perhaps decrease potential 
for transmission of the virus. An animal model (pregnant Long-Evans rats) was used to investigate the 
potential for placental transmission of azidothymidine. The drug crosses the placenta to reach 
concentrations in the placenta and fetus that are comparable to 75% and 58%, respectively, of those in - 
the maternal serum by 2 hours after administration. By 4 to 6 hours after administration azidothymidine 
concentrations in the placenta and fetal liver significantly exceed maternal concentrations. (AM J OBSTET 


GYNECOL 1989;161:732-4.) 


Key words: Azidothymidine, pharmacokinetics, pregnancy, human immunodeficiency virus, 


placental transfer 


Azidothymidine (AZT) (Zidovudine, Burroughs 
Wellcome, Research Triangle Park, N.C.) is usec. in 
the treatment of symptomatic human immunodefi- 
ciency virus (HIV) infection. AZT has recently been 
reported to transiently reverse HIV seropositivity and 
reduce serum viral titers.’ Furthermore, the drug may 
reduce the infectious state of an HIV-positive person.’ 
The risk of perinatal HIV transmission from mother 
to fetus is unknown but appears high with 25% to 
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60% of infants born to HIV-positive mothers becoming 
seropositive in early infancy.** 

It is conceivable that the drug may be used to treat 
women of reproductive age, and such women may be- 
come pregnant. AZT”s ability to cross the placenta is of 
fundamental importance to evaluate this situation. 
There are no published data available with regard to 
placental transfer of this antiviral agent. 

The purpose of this study was to evaluate the pla- 
cental transfer of AZT in a rat animal model. 


Material and methods 


Long-Evans rats were chosen as the animal model 
for analysis of placental transfer of AZT because (1) 
this species has been used in similar studies, (2) the size 
is convenient for handling and dissection, and (3) the 
rats have a known heritage for many generations and 
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Fig. 1. AZT concentrations in maternal, placental, and fetal compartments (maternal values + 


1 SEM). 


Table I. Concentrations of AZT (micrograms per deciliter) in maternal, placental, and fetal tissues 











Time 
(hours) 


8.9 


0.5 2.3 
0.75 4.1 4.0 
1.0 3.4 1.8 
1.5 2 2.0 
2.0 1.2 1.0 
4.0 0.1 0.1 
6.0 0.1 0.1 


are genetically homogeneous. A total of 16 timed preg- 
nant Long-Evans rats were obtained from a commerical 
vendor and maintained on regular rat chow and water 
as desired in our Animal Resources Center until the 
eighteenth day of pregnancy. This study was approved 
by the Institutional Review Board for Animal Research. 
On the eighteenth day of pregnancy rats were orally 
given 30 mg/kg of AZT, and were killed by decapitation 
at the following time intervals: 0.5, 0.75, 1.0, 1.5, 
2.0, 4.0, and 6.0 hours. Two rats were assigned to 
each treatment group, and two rats were not preg- 
nant. The reason two rats per time period were used 
is because (1) this is the minimum number of animals 
possible to compute SD, error, and Student ¢ test sta- 
tistics, and (2) a paired Student t test (degrees of free- 
dom = 2) can detect differences in concentration of 
the magnitude of a half-life as statistically significant 
with this sample size (a = 0.05, B = 0.90). Maternal 
blood was collected at the time of decapitation, and 
fetuses and placentas were immediately removed by 
cesarean section. These samples were frozen at — 4° C 
after collection and thawed to room temperature at 
the time of analysis. 

Maternal serum, placental tissue extracts, and fetal 
liver homogenates were analyzed by high-performance 


eeeoNnronr 


3 0.4 0.5 0.0 
7 0.1 0.4 0.1 
4 0.6 0.4 0.1 
3 1.7 1.0 0.8 
9 0.2 0.7 0.4 
4 0.1 0.5 0.0 
4 0.2 0.4 0.1 


liquid chromatography for AZT concentrations. All as- 
says were performed with a guard column between 
the injection pump and the high-performance liquid 
chromatography column. Samples for assay were pre- 
pared for analysis by direct injection of the centrifuged 
tissue homogenate. Serum specimens were assayed by 
precipitation with an equal volume of acetonitrile. The 
specimens were vortexed for 15 seconds and centri- 
fuged at 3000 g for 15 minutes. Assays were accom- 
plished with a Waters 481 detector (wavelength = 
254 mm), a Gis Micro-band-a-pak column and a Beck- 
man 110 pump. The mobile phase was 16% acetonitrile 
and 84% 0.1 mol/L phosphate buffer with a pH of 
2.5. The flow rate was 2.0 ml/min. Between-batch 
and within-batch reproducibility studies were per- 
formed, and differences were <5%, well within ac- 
ceptable limits. 


Results 


AZT concentrations in maternal serum dropped 
quickly, decreasing by half in the first hour (Table I), 
which correlates wìth the reported half-life of the drug 
in human patients (60 minutes)” By 30 minutes after 
administration, placental tissues attained concentra- 
tions of about one seventh, and fetal liver contained 
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Table II. Paired Student ¢ test of difference in 
AZT concentrations in maternal, placental, 
and fetal compartments 


















Placental 
versus fetal 


Maternal 
versus fetal 





0.5 6.2 0.03 20.0 0.01 21.0 0.01 
0.75 1.7 0.2 0.2 0.8 1.8 03 
1.0 2.1 0.2 2.8 0.1 3.7 0.08 
2.0 0.0 0.9 0.9 0.4 09 04 
4.0 15.0 0.01 1.9 0.2 7.9 0.02 
6.0 5.9 0.05 0.0 0.9 4.2 0.05 


*Degrees of freedom = 2. 


concentrations of about one eighteenth of those in ma- 
ternal serum, significantly different by paired Student 
t test (p < 0.01) (Table IJ). At 2 hours after dosirg, 
concentrations in all three tissues were similar. Mater- 
nal serum and placental tissue achieved concentraticns 
slightly higher than the fetus (Table I). 

There was rapid clearance of AZT from maternal 
serum, with nearly undetectable levels by 4 to 6 hours 
after administration. However, at 4 to 6 hours after 
administration, both fetal and placental AZT levels re- 
mained four to five times higher than maternal levels 
(p < 0.05; Fig. 1), near the lower range for the seram 
of human adults who receive therapeutic doses. 


Comment 


Results of the present study indicate that, in the rat, 
AZT rapidly crosses the placenta. Whereas the drug 
rapidly cleared from the maternal compartment, it ap- 
pears to be concentrated in the fetoplacental compart- 
ment. There are at least two mechanisms by which the 
findings of this study could be explained. Approxi- 


mately 40% of AZT becomes glucuronoside in the first l 


pass through the liver in adults. This AZT glucuron- 
oside is inactive as an antiviral agent and ultimately is 
excreted by the kidneys.’ Decreased hepatic metabclism 
in the immature fetal liver may, therefore, be respon- 
sible for persistence of significant levels in the fetal 
compartment. i 

A second possible mechanism for the findings of fetal 
and placental concentration of the agent involves the 
method of placental transfer. Preliminary studies at our 
institution with explanted-human placental cotyledons 
suggested that AZT is actively transported across the 
human placenta into the fetal compartment.’ Active 
transport could easily explain the results of this study 
with persistent levels in both fétal liver and placental 
tissue. Safety of AZT during pregnancy is, therefore, 
an issue because if maternal exposures occur, embry- 
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ofetal exposure also seems probable. the teratogenic 
potential of the drug appears low in rats born to moth- 
ers who were given several times the usual human dose 
during early or late embryogenesis (unpublished ob- 
servations). However, rodent animal models are typi- 
cally poor predictors of human teratogenic potential. 

Further studies of AZT in human beings or non- 
human primates are needed confirm a low teratogenic 
potential, and to verify active placental transport of this 
agent. Caution must be used when extrapolating find- 
ings of animal studies of both placental transfer and 
teratogenicity to the condition in human beings because 
the composition of the rat placenta'and development 
of the rat conceptus are different from the human pla- 
centa and conceptus. Although both are hemochorial 
placentas, in the rat there is a layer of cellular tropho- 
blast interposed between the chorionic’ villus and ma- 
ternal blood. This may cause species differences in the 
drug’s kinetics across the placenta.’ However, despite 
differences in placental morphology, the results of this 
study concur with our findings in explanted human 
placental cotyledons,® and suggest that substantial 
amounts of AZT cross the placenta and reach the de- 
veloping conceptus. 
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Ultrastructural aspects of preeclampsia 


I. Placental bed and uterine boundary vessels 


Douglas R. Shanklin, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


Biopsy specimens were obtained under direct vision at the time of cesarean section from 42 patients (33 


preeclamptic and nine normotensive patients) and from three hysterectomies (all in normotensive patients). 


Mean gestational age was 32.8 + 0.9 weeks (range, 26 to 40 weeks) in women with preeclampsia and 
36.1 + 1.1 weeks in normotensive women (range, 32 to 41 weeks). Tissues were obtained from the 
central placental bed and from nonplacental sites. Specimens were examined histologically and by 
electron microscopy. Ultrastructural changes in small vessels, primarily venules, were compared with 
preeclamptic blood pressure. Extensive ultrastructural endothelial injury was found consistently in both site 
and nonsite areas in all of the specimens from women with preeclampsia but not in normotensive women 
(p < 0.0001). There was no apparent correlation between the type or degree of endothelial damage and 


maternal hypertension. The same types and relative severity of specific vascular injury were present in 
both placental and nonplacental sites. Endothelial and derivative vascular injury occurs more or less 
uniformly in the uterus in preeclampsia, especially along the boundary zone between maternal and fetal 


tissues. (AM J OBsTET GYNECOL 1989;161:735-41.) 


Key words: Placental site biopsy. preeclampsia, vascular injury, ultrastructural changes, 


uterine boundary zone 


The continuing search for both the cause and patho- 
genesis of preeclamptic toxemia (gestosis humanis) over 
the past 20 years has turned to the integrity of uterine 
vessels and changes in coagulation, which may relate 
to endothelial injury as shown by histologic and electron 
microscopic methods.''* Histologic,'* ® 1% '* transmis- 
sion ultrastructural®” '* !3 141819 and scanning electron 
microscopic” studies have considered uterine arteries 
at several levels of the arborization, as shown especially 
clearly by Sheppard and Bonnar.'*'* Interest has been 
directed primarily at spiral arteries* and more general 
features of the placental bed.''*?7'*"*'7"" These largely 
European studies have identified a number of lesions: 
acute atherosis," ” '° '* hyperplastic arteriosclerosis," 
and alterations’ * '* '* ' in the expected physio- 
logic restructuring of the spiral arteries during preg- 
nancy,®* ê 1% 141719 The cited articles account for at least 
426 placental bed biopsies and samples of placental site 
tissue from uteri studied after cesarean section hyster- 
ectomy or pregnancy termination by earlier hysterec- 
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tomy. Two large series were identified only as “over 
100” and “several hundred” biopsies, comprising a 
possible total of perhaps 750 individual cases studied 
to date. This material was derived from clinical back- 
grounds of normal pregnancy,+ preeclampsia or other 
hypertensive states,” 7 ° !% !> 1% 19 and intrauterine 
growth retardation.” '™'®!9° Some studies included mul- 
tiple categories of clinical condition of either mother 
or fetus. ®'% 1819 Several studies also examined placen- 
tas,» 7 1% 1% 18.19 including two in which the placenta re- 
mained in situ after hysterectomy.” '* The basic tech- 
niques for obtaining placental bed biopsies and an over- 
view of the information obtained up to 1986 were 
summarized in a critical review by Robertson et al.'' 
The observation that the placental bed is a heteroge- 
neous tissue field, making sampling difficult, has been 
emphasized in a number of reports.* '* '' Less often, 
but no less emphatically, several comparative studies 
have indicated that no distinction can be made between 
normotensive and hypertensive cases by histologic or 
ultrastructural examination of spiral arteries,'* '° de- 
spite the finding by Brosens et al.' that acute atherosis 
was found principally in hypertension combined with 
fetal growth retardation and not in normotensive preg- 
nancies, a finding later disputed presumptively by study 
of 39 placentas but not placental beds." 

In light of these studies and the ongoing need to 
elucidate primary vascular events in early preeclampsia, 
we began in mid-1987 to collect central placental bed 
biopsy material at time of cesarean section delivery with 
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Fig. 1. Normal small venule in placental bed region of the 
uterine boundary zone, preeclampsia. Platelets and erythro- 
cytes indicate a diameter of the vessel at 15 to 20 xm. Note 
the excellent preservation of platelets. Bundles of collagen (C) 


are outside the vascular wall (arrows), which is composed of 


flat endothelium with some overlapping of cells and tight junc- 
tions. Occasional normal venules are found in the boundary 
zone of women with preeclampsia. Figs. 1 to 3 show the range 
of change from normal to severe endothelial injury. (Original 
electron microscopic magnification X 3150.) 


simultaneous biopsy of nonplacental site uterine 
boundary tissue, with emphasis on smaller blood ves- 
sels. Histologic and transmission electron microscopic 
studies to date are the subject of this report. Extensive 
ultrastructural endothelial injury was found consis- 
tently in both placental site and uterine nonplacental 
site boundary myometrium in all of the specimens from 
the preeclamptic patients but not in specimens from 
normotensive women (p < 0.0001). 


Material and methods 


Informed consent for placental bed and uterine 
boundary biopsies was obtained from various patients 
in the prenatal clinics of the E. H. Crump Hospital who 
were scheduled for cesarean section for obstetric or 
perinatal indications. A total of 42 patients, 33 with 
preeclampsia (systolic blood presure >140 mm Hg, or 
diastolic blood pressure >90 torr or both, with pro- 
teinuria >300 mg/24 hours), and nine normotensive 
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Fig. 2. Segmentally injured large venule in placental bed re- 
gion of the uterine boundary zone, preeclampsia. Vessel di- 
ameter is approximately 20 to 30 pm. Enlarged endothelial 
nuclei (N) and segmentally swollen cytoplasm (arrows). Note 
also cavitated endothelial mitochondria (M). Similar change 
in smaller venules or somewhat greater change in vessels of 
this size would show reduction in lumen. (Original electron 
microscopic magnification X 1600.) 


women had biopsies. Three cesarean section hyster- 
ectomies from normotensive patients were also studied; 
thus a total of 45 patients (12 normotensive and 
33 hypertensive) was studied. At the time of ces- 
arean section, biopsy specimens approximately 0.8 x 
0.6 xX 1.0 cm in size were excised by sharp dissection 
and were immediately placed in the appropriate fixa- 
tive. Placental site samples were taken from the center 
of the attachment site just after placental removal, and 
comparable nonsite samples were taken from the op- 
posite uterine wall. On receipt in the pathology labo- 
ratory, appropriate accession numbers were assigned 
and the samples were trimmed into pieces for paraffin 
or plastic embedding according to ordinary techniques, 
beginning with 10% neutral buffered aqueous formalin 
for histology and net 1.0% glutaraldehyde buffered in 
Sörenson’s solution for ultrastructural study. 

Paraffin sections were cut at 5 wm and were stained 
by hematoxylin and eosin for light microscopy. Histo- 
logic preparations were available for all 45 patients. 

Plastic sections for electron microscopy were pre- 
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Fig. 3. Marked reduction of lumen of large venule, placental 
bed region of uterine boundary zone, preeclampsia. One in- 
tact erythrocyte (E) is pressed by greatly swollen endothelial 
cells including herniated endothelial cytoplasm from a differ- 
ent plane (C). Venular basement membrane is irregular but 
intact (arrows). (Original electron microscopic magnification 
x 8000.) 


pared in the usual manner with lead acetate staining. 
Electron micrographs were taken at X 1600 to x 2500 
original magnification in a Zeiss EM-10C and were 
printed at an average further enlargement of X 2.7. 
Electron micrographs were available for 27 of 33 pre- 
eclamptic women and for 9 of 12 normotensive women. 


Results 

Vascular and ultrastructural changes were compared 
between the two groups and with preeclamptic mater- 
nal blood pressure. 

Clinical aspects. The average gestational age in pre- 
eclamptic pregnancies was 32.8 + 0.9 weeks (range, 26 
to 40 weeks) and 36.1 + 1.1 weeks in normotensive 
pregnancies (range, 32 to 41 weeks; the difference was 
not significant, ¢ = 0.50, p > 0.5). Maximum recorded 
blood pressures fulfilled criteria used in the primary 
diagnosis of preeclampsia (systolic blood pressure > 140 
mm Hg, diastolic blood pressure >90 torr, or both, with 
proteinuria >300 mg/24 hr). The variability of blood 
pressure in each patient was noted, but since no cor- 
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Fig. 4. Partial surface erosion, swollen endothelium, large ven- 
ule, nonplacental site region of uterine boundary zone, pre- 
eclampsia. Considerable swelling is marked by zonal and linear 
erosion (arrows). Closely proximate adventitial collagen lies 
next to hypertrophic uterine muscle (M). (Original electron 
microscopic magnification x 4000.) 


relation with average or maximum values and tissue 
findings could be demonstrated, further correlation 
with the variability was not undertaken. There were no 
maternal deaths in this series. Perinatal mortality was 
low; there were no stillbirths and only one neonatal 
death in the hypertensive group, which yielded a group 
rate of 3.0% and 2.2% overall. None of these patients 
had eclamptic seizures. 

The differences in blood pressures were strongly 
significant (systolic: ¢ = 10.5, p < 0.001; diastolic: ¢ = 
10.8, p < 0.001). The more than 3-week difference in 
mean gestational age suggested some significance by 
Student's t test (t = 2.32, 0.05 > p > 0.02). The F value 
for variation of population, however, was 5.38 (not sig- 
nificant), which devalued the ¢ test result. We anticipate 
that enlargement of the normotensive portion of the 
series will further reduce this limited difference with- 
out impairing the distinction with regard to vascular 
injury. 

Pathologic aspects. Histological findings were help- 
ful in assessing the ultrastructural changes and will be 
described first. 


—— l 
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Fig. 5. Linear fibrin deposition (arrows) on eroded endothe- 
lium, large venule, nonplacental site region, uterine boundary 
zone, preeclampsia. Note intermingling of cellular debris and 
strands of fibrin, (Original electron microscopic magnification 
x 4000.) 


Histologic changes. Histologic changes that were 
readily observed included some apparent medial hy- 
pertrophy of smaller arteries and arterioles, primarily 
but not exclusively in the placental site, dilated veins 
and venules with and without thrombosis, occasional 
placental site trophoblastic giant cells, focal hemor- 
rhage, some interstitial edema, and uterine smooth 
muscle reflecting the expected gestational hypertrophy. 
The adaptive changes in spiral arteries were seen in 
most specimens, but no distinction with regard to de- 
gree or character of the change was observed between 
preeclamptic and normal subjects. Decidua and re- 
gressed or atrophic endometrial glands were observed 
less often. Occasional lymphocytes were found in the 
junctional tissues and occasional circulating blood ele- 
ments, such as polymorphonuclear leukocytes, mac- 
rophages, and platelets were found in addition to many 
erythrocytes. Whereas overt thrombosis was uncom- 
mon, small foci of fibrin deposit were found more of- 
ten, especially in relation to tears and erosions of the 
endothelium, and in overt tears into the perivascular 
space and myometrium. None of the changes were 
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Fig. 6. Compacted heavy fibrin deposition (arrows) and loose 
luminal fibrin replacing extensively eroded endothelium, non- 
placental site region, uterine boundary zone, preeclampsia. 
(Original electron microscopic magnification x 2500.) 


present such that unequivocal, consistent identification 
of placental site as opposed to nonplacental site sam- 
pling was possible. Placental site trophoblast, when 
present, would identify the site, but only one third of 
these biopsies contained trophoblast. The possibility 
that trophoblastic site giant cells may be found beyond 
the placental bed was enhanced by one case in which 
both biopsies contained them. 

More importantly, an overall view of the boundary 
between the uterus and the placental sac is possible 
from a composite of these observations. Vascular injury 
and tears into uterine soft tissues, with hemorrhage, 
are commonplace; essentially these processes occur 
both in the placental site and elsewhere throughout the 
boundary zone either equally randomly or with com- 
parable frequency. In fact, such observations make it 
possible to define the boundary zone as the combination 
of the atrophic or regressive endometrium, which is 
displaced and compressed by the pregnancy sac, plus 
the interdigitating connective tissues of the inner myo- 
metrium including blood vessels. 

The ultimate maternal vascularization of the placen- 
tal site is therefore a modification of this region, with 
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Fig. 7. Rupturing bleb (arrow) of endothelium, large venule, 
nonplacental site region of uterine boundary zone, pre- 
eclampsia. This is one possible precursor to overt paraluminal 
erosion of endothelium. Note a similar structure (B) near 
lower edge of photograph, protruding from a different level 
in the block. (Original electron microscopic magnification 
x 3150.) 


the added change of hypertrophy and dilation in the 
spiral arteries with additional changes in the deeper 
arterial arcades of the myometrium. Since the patho- 
logic changes seemed to us to be more or less uniform 
throughout the boundary zone, the larger vessels be- 
neath the placental site itself would appear to be less 
significant. Our subsequent studies of the ultrastruc- 
tural details of these regions have confirmed the unitary 
and integral nature of the boundary zone. 
Ultrastructural changes. There was no apparent cor- 
relation between the type or degree of endothelial dam- 
age and the level of maternal hypertension. Endothelial 
injury was pervasive in the preeclamptic women, but 
the same types and relative severity of specific changes 
were present in samples from both placental and non- 
placental boundary sites. We concentrated on smaller 
vessels, particularly the venules, as the most likely site 
for injury (Figs. 1 and 2). The restricted size of electron 
microscopic samples signified that all kinds and degrees 
of change were not present in all cases. Nevertheless, 
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Fig. 8. Microhemorrhage into connective tissue of nonplacen- 
tal site region of uterine boundary zone, preeclampsia. Note 
fibrin deposition onto surfaces of the dissection planes of the 
hemorrhage and the absence of venular media or basement 
membrane. (Original electron microscopic magnification 
x 2500.) 


a coherent spectrum of change was obvious. The en- 
dothelium was both swollen (Fig. 3) and eroded (Fig. 
4). Even mild swelling was associated with enlargement 
of endothelial nuclei (Fig. 2); the result was apparent 
reduction of lumen (which was sometimes very ex- 
treme), with marked cytoplasmic swelling of endothe- 
lium and a reduced number of nuclei per cross- 
sectional field (Fig. 3). Luminal fibrin polymerization 
(Fig. 5) was observed in the case of both swollen and 
eroded endothelium, but was more obvious and more 
common with erosion (Fig. 6). In some cases erosion 
was incomplete with a light deposit of fibrin, but in 
others complete erosion was related to a heavy deposit 
(Fig. 6). Endothelial cytoplasmic tears short of erosion 
of the whole thickness were found, and as the sample 
became larger, at least one source for these focal 
tears became apparent: the endothelium occasionally 
showed vacuoles that enlarged into blebs bulging from 
the surface (Fig. 7). These blebs would then rupture, 
exposing the endothelial cytosol to the vascular lumen. 
Subendothelial edema was seen less often. Platelets 
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were found but not as a regular feature of these early 
lesions. Instead, linear or circumferential fibrin deposit 
seemed to be the principal means by which the earliest 
repair of the injury was attempted. Hemorrhages into 
the deeper boundary tissues, although not common, 
were almost always associated with fibrin deposit at that 
level (Fig. 8). The vacuoles have been identified as en- 
dothelial mitochondria, which initially show swelling 
with loss of cristae. A general expansion of cytoplasm, 
probably from electrolyte shifts, was a conspicuous fea- 
ture. Platelet adhesion was observed, but was not a con- 
sistent feature. Altered permeability was seen occasion- 
ally with subendothelial plasma and fluid accumulation. 
Atherotic changes were not seen by electron micros- 
copy; in two cases mucinous degeneration of larger 
vessels was seen on light microscopy. 


Comment 


As has been noted, prior studies have concen- 
trated heavily on spiral arteries* in the placental 
bed." *?7'® 19. 14. 17-20 Critical comparative studies have 
shown no effective distinction in spiral arteries in the 
placental bed between hypertensive and normotensive 
pregnancies,'*'’ findings not explained by procedural 
and technical difficulties in obtaining biopsies." 

On a priori grounds, we considered that the effects 
of changes in coagulation factors seen in preeclamptic 
toxemia* '*' and other aspects of the vascular lesion 
might be more easily identified in smaller vessels of the 
placental-maternal tissue boundary. The spiral arteries 
are subject to such profound physiologic adaptation, 
and pathologic changes especially in late pregnancy,” 
that subtle lesions might not be easily distinguished. 
Moreover, recent challenges'’ '*'° to the putative spec- 
ificity of acute atherosis and other changes in hyper- 
tensive pregnancies” '* have led researchers to consider 
pathogenetic effects at differing zones or segments of 
the arterial tree." ®'? In fact, the scope of sampling may 
need to be extended in three dimensions, since signif- 
icant differences in abnormal uterine waveform veloc- 
ity have now been described between the fundal and 
the low arcuate segment vascular fields." Our obser- 
vations extend this work with emphasis on the proximal 
venous side of the uterine boundary circulation. Un- 
derstanding of the phenomenon of altered coagulation 
has also changed, with more precise and sensitive meth- 
ods now available. Some changes are present very 
early in pregnancy, such as decreased fibrinolytic ac- 
tivity (present by 12 weeks), and decreased fibrinolytic 
capacity (seen by 20 weeks).* Saleh et al.'° examined 
clotting factors by a variety of techniques. They found 
levels of serum fibronectin to be increased and a- 


*References 1, 3, 5-7, 9, 12-14, 17-19. 
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antiplasmin to be decreased in preeclampsia. Both 
levels returned toward normal post partum, with a 
greater relative change in patients with severe pre- 
eclampsia.'° 

It is tempting to consider that the increased fibro- 
nectin, a substance known to be produced by both liver 
and endothelium, originates in the injured smaller 
vessels we have examined. Obviously, further study is 
necessary to establish the relationship of these obser- 
vations. In particular, correlation with early changes in 
the coagulation mechanism must await the availability 
of appropriate uterine tissue from early second trimes- 
ter, if not before. Earlier tissue samples might also pro- 
vide information on the vascular adaptations that re- 
sult, near term, in a lack of significant differences in 
vascular resistance and other circulatory parameters 
between preeclamptic pregnancy and the nonpregnant 
state, whereas normal pregnancy differs from both.” 
Meanwhile we are attempting to describe the mature 
vascular lesions in the third trimester. The existence of 
a circulating factor toxic to endothelium has been sug- 
gested by recent evidence.” It is unclear whether this 
is a primary agent or a factor involved in further patho- 
genesis promoting extension of the lesions. 

The ultrastructural changes are those of endothelial 
injury, probably to cytoplasmic organelles and very pos- 
sibly to mitochondria. Both diffuse and organelle swell- 
ing occur, and either leads to erosion of endothelium. 
Our observations suggest that this erosion begins with 
loss of the cortical cytoplasm rather than slough of the 
entire endothelial cell. Fibrin is deposited during the 
erosive process just as would occur in most forms of 
endothelial injury. Occasionally fluid appears to collect 
behind the endothelium. This can occur either by tran- 
sudation or as dissection from another point along 
the vessel. Of interest are the recent studies of 
Glawanakowa and Popowa.’ They examined peripheral 
blood for circulating desquamated endothelial cells and 
found a progressive rise during pregnancy, with a 
further increase in patients with edema-proteinuria- 
hypertension gestosis (preeclampsia). Once erosion has 
begun, whole-cell desquamation can proceed from that 
focus. Our later-stage lesions (Figs. 7 and 8) can rep- 
resent either whole-cell desquamation or multistage 
erosion. Confirmation of the results of Glawanakowa 
and Popowa will contribute to a better understanding 
of the vascular effects of pregnancy as modified by 
preeclampsia. A major source for circulating endothe- 
lial cells might be the venules we have examined, since 
they are numerous. Our experience has shown that 
small vessels, particularly venules, are injured in pre- 
eclampsia irrespective of their location in the boundary 
zone. It remains to be determined whether comparable 
vascular injury occurs elsewhere in the uterus or in 
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other body sites. Changes in endothelial organelles such 
as mitochondria suggest a metabolic link that merits 
further exploration. 


We thank Deborah Hollis for preparation of tissues 
for electron microscopy and Frank Moretta for the elec- 
tron micrographs. 
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Birth weight prediction from remote 


ultrasonographic examination 


Joseph A. Spinnato, MD, Robert D. Allen, and Hiram W. Mendenhall, MD 
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Multiple linear regression by the least squares method was used to remodel five existing static equations 
to permit birth weight estimates from remote ultrasonographic parameters. By incorporating lapse time 
(examination-to-delivery interval), the new equations can be used to estimate birth weight 0 to 35 days 
after ultrasonographic examination. For each model, R? approached 1.0. The generated equations were 
tested on 167 nonmodel cases. Among the three best equations, 65% to 67% of estimates were within 
100 mg/kg birth weight. The mean absolute error ranged from 86 to 91 gm/kg. With a mean lapse time of 
16.8 + 11 days, the accuracy of birth weight estimates equaled or exceeded that reported for existing 
Static formulas. The accuracy of the estimates was maintained across the entire range of lapse times and 
birth weights observed. In intrapartum situations when ultrasonography is unavailable or technically 
difficult, birth weight can be estimated from remote ultrasound parameters. (AM J OBSTET GYNECOL 


1989;161:742-7.) 
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In a previous report! we described the development 
of an equation to predict birth weight from ultrasono- 
graphic examinations. By incorporating the interval 
from ultrasonographic examination to delivery (lapse 
time), the model predicted birth weight based on ul- 
trasonographic measurements taken as early as 35 days 
before delivery. The rationale for the model was based 
on the hypothesis that ultrasonographic measurements 
of fetal dimensions at a point in gestation could be 
coupled with elapsed time to mathematically predict a 
birth weight based on observed growth in a popu- 
lation. 

We extrapolated this concept to five existing formulas 
by including a lapse-time modifier in the structure of 
these existing equations. The lapse-time modifier for 
each equataion was determined individually from 
model building that analyzed the initial static estimate 
and the lapse time that occurred versus actual birth 
weight. 


Material and methods 


This study had two phases. In phase I, model build- 
ing generated new equations based on five static equa- 
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tions. In Phase II, the new equations were tested on 
cases other than model cases. 

Phase I—Model development. The records of all 
patients seen in the Perinatal Unit of the University of 
South Alabama Medical Center between October 1984 
and September 1986 for obstetric ultrasonographic 
evaluation were reviewed. The patient population was 
a racially mixed (55% black), low-income clinic popu- 
lation. Patients were included in the study if they met 
the following criteria: (1) the pregnancy was a singleton 
gestation; (2) the biparietal diameter, occipitofrontal 
diameter, femur length, transverse and anteroposterior 
diameters of the fetal abdomen had been measured by 
ultrasonography; (3) data on the outcome of the deliv- 
ery were available; (4) the interval (lapse time) from 
ultrasonographic examination to delivery was <35 
days; and (5) birth weight was =5000 grams. 

All ultrasonographic examinations were performed 
by one of three experienced ultrasonographers using 
a linear array real-time scanner (ADR Model 4000) with 
a 3.5 MHz transducer. As in our previous study,’ 
standard imaging and measurement techniques were 
used. 

Model generation and all statistical methods were 
performed with the Statistical Analysis System (SAS) 
and the IBM-4341-II mainframe computer of the Uni- 
versity of South Alabama. Multiple linear regression 
using the least squares method was used to construct 
the models. Using the five formulas (Table I), the fetal 
weight estimates determined on the day of ultrasono- 
graphic examination (in logarithmic form) and the 
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Table I. Static equations 


Author Equation 





1. Hadlock et alë Log (weight) = 1.326 — 0.00326 
AC X FL + 0.0107 HC + 0.0438 
AC + 0.158 FL 

2. Hadlock et al. Log (weight) = 1.5662 — 0.0108 
HC + 0.0468 AC + 0.171 FL + 
0.00034 HC? — 0.003685 
(AC x FL) 

3. Hadlock et al. Log (weight) = 1.5115 + 0.0436 
AC + 0.1517 FL — 0.00321 
(AC x FL) + 0.0006923 
(BPD x HC) 

Log (weight) = 0.04355 HC + 
0.05394 AC — 0.0008582 HC x 
AC + 1.2594 (FL/AC) — 
2.0661 

5. Shepard et al.” Log (weight) = — 1.7492 + 0.166 

(BPD) + 0.046 (AC) — 2.646 
(AC x BPD)/1000 


4. Ott et al.* 





AC, Abdominal circumference; FL, femur length; HC, head 
circumference in centimeters; BPD, biparietal diameter. 


lapse time observed were analyzed versus the logarithm 
of actual birth weight. For each equation the con- 
structed model generated a lapse-time modifier. 

After model development, the modified equations 
were tested with the model cases. The mean error 
(estimated — actual birth weight), mean absolute error 
(absolute value of estimated — actual birth weight), and 
the standardized absolute error (absolute error/kilo- 
gram birth weight) were determined for each modified 
equation. The equations were examined for accuracy 
across the range of birth weights and lapse times ob- 
served. To allow comparisons to previous reports, the 
observed error was converted to percentage error by 
the formula ({predicted weight — actual weight]/actual 
weight x 100) to generate a mean + SD of percent 
error. The correlation coefficient (Pearson’s r) of esti- 
mated versus actual birth weight was determined, 
and the percent of estimates within 50, 100, and 150 
gm/kg of actual birth weight was calculated. One- and 
two-way analyses of variance were used to test for dif- 
ferences among means. Tukey’s studentized range test 
was used to evaluate differences among group means. 
The significance level was set at alpha = 0.05. 

Phase II—Model validation. The modified equa- 
tions were validated by use of different cases from those 
used to develop the models. Patients seen in the Peri- 
natal Unit for fetal ultrasonographic evaluation from 
October 1986 to August 1987 were reviewed for inclu- 
sion in the validation phase of the study. ‘The inclusion 
criteria and ultrasonographic method were unchanged 
from phase I. Modified equations developed in phase 
I were used to generate birth weight estimates that were 
compared to actual birth weight. Accuracy of the es- 
timates was determined as outlined in phase I. 
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Table II. Descriptive statistics of included 
cases for both phases of the study* 





Model 
development Validation 
Variable (N = 245) (N = 167) 
Examination gestational 354 = 3.2 34.7 + 2.9 


age (wk) (25-42) (30-42) 


Birth gestational age (wk) 37.6 + 2.9 511 Bee ser te 
(28-44) (30-44) 
Lapse time (days) 15.7 £ 10.7 16.8 + 11.0 
(0-35) (0-35) 
Femur length (mm) 68.9 + 6.7 68.0 + 6.1 
(46-82) (55-82) 
Abdominal circumference 302.5 + 32.7 302.5 +35.0 
(mm) (188-388) (207-396) 
Head circumference 314.4 + 21.2 310.7 + 19.0 
(mm) (243-356) (261-364) 


2978 + 680 3074 + 713 
(1134-4876) 1375-4870) 


Birth weight (gm) 





*Data are presented as mean + SD, with range in paren- 
theses. 


Table III. Modified equations 





1. Log [birth weight] = 1.0009 [Log initial weight] + 
0.0043 (LT) 

2. Log [birth weight] = 1.0009 [Log initial weight] + 
0.0043 (LT) 

3. Log [birth weight] = 1.0 [Log initial weight] + 
0.0043 (LT) 

4. Log [birth weight] = 1.001 [Log initial weight] + 
0.0034 (LT) 

5. Log [birth weight] = 0.9994 [Log initial weight] + 
0.0047 (LT) 


Birth weight in grams. LT, Lapse time in days. 


Phase I— Model development. From 259 ultrasono- 
graphic examinations for which delivery outcome was 
known, 245 examinations and paired delivery outcomes 
fulfilled the study criteria. Table II presents the de- 
scriptive statistics of these cases. 

A model to predict birth weight from remote ultra- 
sonographic examination was generated for each of the 
five equations. For each model, R” approached 1.0. In 
each, the intercept did not differ significantly from zero 
and was deleted from the modified equation (Table 
III). The coefficients for each model’s parameters are 
described in Table IV. Both lapse time and the loga- 
rithm of the initial fetal weight estimate contributed 
significantly to the birth weight predictions, p = 0.0001. 

The modified equations were tested on the model 
cases. Modified equations 1, 2, and 3 performed quite 
similarly. Remarkably accurate birth weight estimates 
were noted. For each estimate, the mean error was very 
small and did not differ statistically from zero. The 
percent mean error was <1%. The mean absolute error 
per kilogram actual birth weight was less than 100 
gm/kg. There was no significant difference in the ac- 
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Table IV. Description of models 


LT Zero 
Model coefficient SE coefficient SE R? 


1 0.00428326 0.0003 1.00086433 0.0016 0.9998 
2 0.00429440 0.0003 1.00293973 0.0016 0.9998 
3 0.00434518 0.0003 1.00002378 0.0016 0.9998 
4 0.00344469 0.0004 1.00112376 0.0022 0.9996 
5 0.00473645 0.0004 0.99972076 0.0025 0.9995 





LT coefficient, Lapse-time coefficient; SE, standard error of the estimate; Zero coefficient, coefficient of the log of the original 
static estimate. 


Table V. Validation phase—Overall performance of the new equations in descending order of accuracy* 
































Absolute error Maximum Standardized 
Error (gm) % Error (gm) absolute absolute error 
Equation (mean + SD) (mean + SD) (mean + SD) error (gm) (gm/kg) birth weight 





1 =112 4 314 —3.6 + 10.7 267 + 198 1175 90.0 0.91 
2 =112 = 315 =3.6 + 10.8 268 + 199 1197 90.2 0.91 
3 =118:+ 319 —3.8 + 10.8 272 Æ 202 1288 91.3 0.91 
4 — 187 + 426 5.4 = 15.2 389 + 254 1090 132.7 0.84 
5 — 154 + 468 —4.6 + 16.1 410 + 273 1296 138.5 0.82 





*Lapse time mean = 16.8 + 11 days, range 0 to 35 days. Error estimates expressed as negative numbers indicate underestimation 
of actual birth weight; positive numbers indicate overestimation. 


tPearson’s correlation coefficient for estimated versus actual birth weight. 


Table VI. Validation phase— Accuracy of birth weight estimates within segments of lapse time 


Equation Equation Equation Equation Equation 
Lapse time (days) 1 2 3 4 5 





$7 (n = 48) 

Absolute error* 280 + 202 280 + 204 288 + 206 371 +257 455 + 313 

Standardized absolute errort 100.0 100.0 102.3 135.7 162.0 

8-14 (n = 22) 

Absolute error* 209 + 174 213 + 174 226 + 169 382 + 201 424 + 290 

Standardized absolute error 66.3 67.3 71.6 123.0 136.9 

15-21 (n = 30) 

Absolute error* 328 + 254 329 + 255 337 + 268 420 + 230 451 = 311 

Standardized absolute errort 102.7 102.9 105.3 141.5 146.0 

22-28 (n = 35) 

Absolute error* 230 + 166 230 + 167 229 + 170 388 + 242 337E 223 

Standardized absolute error+ 79.7 80.0 79.3 133.5. L727. 

29-35 (n = 32) 

Absolute error* 273 + 169 273 + 170 267 + 171 394 + 318 373 + 243 

Standardized absolute errort+ 90.8 90.8 88.6 125.5 120.3 

*In grams, mean + SD. 

tAbsolute error per kilogram actual birth weight in grams per kilogram. 
curacy of estimates with increasing lapse time. In con- Phase II—Model validation. One hundred sixty- 
trast, although the mean error for modified equations seven cases fulfilled the study criteria for the validation 
4 and 5 did not differ statistically from zero, the percent phase. The descriptive statistics are presented in Table 
mean error was between 1% and 2%, and the mean II. 
absolute error per kilogram actual birth weight ex- Table V shows the overall accuracy of the modified 
ceeded 100 gm/kg for both. The accuracy of estimates equations. Modified equations 1, 2, and 3 again proved 
was not stable over the range of lapse times for modified superior to 4 and 5. The accuracy of individual esti- 
equation 4 nor over the range of birth weights for either mates, as best expressed by absolute error and stan- 


modified equations 4 or 5. dardized absolute error, was larger for the modified 
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Table VII. Validation phase— Accuracy of equations within birth weight segments 


Equation Equation Equation Equation Equation 
Weight group (gm) 1 2 3 4 5 


1000-2000 (n = 12) 


Absolute error* 195 + 152 193 + 155 191 + 149 370 + 185 355 + 185 
Standardized absolute errort 117.3 (3.7) 116.4 (3.8) 115.8 (4.1) 228.5 (17.6) 218.8 (11.7) 
2000-3000 (n = 69) 

Absolute error* 251 + 184 252 + 184 250 + 184 339 + 222 332 + 221 
Standardized absolute error? 96.9 (— 4.8) 97.1 (— 4.9) 96.6 (—5.2) 127.6 (—7.4) 128.6 (—5.3) 
3000-3500 (n = 34) 

Absolute error* 273 + 194 273 + 195 280 + 192 504 + 246 492 + 238 
Standardized absolute errort 85.7 (—5.3) 85.8 (—5.4) 87.9 (—6.2) 158.7 (— 10.6) 154.7 (— 12.7) 
3500-4000 (n = 38) 

Absolute error* 314 + 238 314 + 243 328 + 260 435 + 307 526 + 335 
Standardized absolute errort 83.5 (—2.8) 83.4 (—2.7) 87.3 (—2.6) 116.3 (—6.8) 140.4 (—3.2) 
4000-5000 (n = 14) 

Absolute error* 272 + 183 281 + 174 281 + 157 250 + 197 326 + 321 
Standardized absolute errort 61.5 (— 1.7) 63.7 (— 1.4) 64.0 (— 1.0) 56.8 (0.7) 74.6 (0.6) 





*In grams, mean + SD. 
+Absolute error per kilogram actual birth weight in grams per kilogram. Percent mean error in parentheses. 


Table VIII. Validation phase—Comparisons of new equations to their static counterpart for cases 
delivering within 1 week of ultrasonographic examination* 








Standardized 
absolute 
error (gm/kg) 
birth weight 










Maximum 
absolute 
error (gm) 


Absolute error 


(gm) 
(mean + SD) 












% Error 
(mean + SD) 


Error (gm) 
(mean + SD) 





Equation 





1 Original =252 + 316 =16 & 12 333 + 226 957 110.4 
Modified — 140 + 318 SAIE 12 280 + 202 883 100.0 
2 Original —297 = 318 =9.1 2 12 362 + 240 990 120.0 
Modified —141 + 319 =4:1 & 12 280 + 204 886 100.0 
3 Original — 238 + 324 Sis st ie $31 + 225 940 109.7 
Modified — 144 + 326 =4,2)' + 12 288 + 206 878 102.3 
4 Original — 163 + 446 = 2:8: 17 382 + 277 948 126.6 
Modified —61 + 450 =0:6 =.17 371 + 257 882 135.7 
5 Original — 246 + 530 —6.6 = 19 470 + 342 1338 155.8 
Modified = 168 £ 532 =S 455 + 313 1199 162.0 





*n = 48, mean birth weight 3017 gm, mean lapse time 3.1 + 1.8 days. Error estimates expressed as negative numbers indicate 
underestimation of actual birth weight; positive numbers indicate overestimation. 


equations 4 and 5 when compared with equations 1, 2, solute error per kilogram birth weight (analysis of var- 
and 3. iance p> 0.05). A trend toward overestimating the 
The ability of the modified equations to maintain weight of small infants as expressed by percent mean 
accuracy over the range of lapse times observed is pre- error was seen with equation | (p = 0.09) and equation 
sented in Table VI. For each modified equation, anal- 2 (p = 0.07) and was significant for equation 3 (p = 
ysis of variance for differences among lapse time group 0.02). The estimates of equations 4 and 5 were not 
segments failed to demonstrate differences for mean stable across weight groups for each measure of ac- 
error, mean absolute error, or mean absolute error per curacy considered (p < 0.005). 
kilogram birth weight (p > 0.05). In other words, in- In Table VIII, the estimates from the original static 
creasing lapse time caused no deterioration in the ac- equations are compared with the estimates from the 
curacy of estimates. modified equations for patients delivering within 1 
Table VII shows the data on the accuracy of estimates week of examination. The new equations, which ad- 
across the range of birth weights encountered. Equa- justed for a mean lapse time of 3.1 + 1.8 days, were 
tions 1, 2, and 3 were consistently accurate across the associated with a notable reduction in mean error, per- 
range of birth weight groups, with no significant dif- cent mean error, mean absolute error, and maximum 


ferences noted for mean absolute error or mean ab- observed error. For each equation the modification less- 


acd 
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Table IX. Validation phase— Percent of birth 
weight estimates noted within 50, 100, and 
150 gm per kilogram actual birth weight 

(n = 167) 






Estimates (%) within 









l 32.3 64.7 83.8 
2 31.1 65.9 83.8 
3 29.9 65.9 82.0 
4 20.4 43.1 59.9 
5 19.2 39.5 61.1 


ened the overall tendency to underestimate birth 
weight. 

The relative accuracy of each modified equation is 
shown in Table IX as the percent of each equation’s 
estimates that fall within ranges of absolute error per 
kilogram birth weight. The performance of equations 
1, 2, and 3 were virtually identical to each other; 65% 
to 67% of the estimates fell within 100 gm/kg actual 
birth weight. The estimates of equations 4 and 5 were 
considerably less accurate. 


Comment 

The remodeling of existing static equations to predict 
birth weight from remote ultrasonographic data was 
successfully accomplished. The accuracy of each equa- 
tion’s conversion was directly related to the accuracy of 
its original static estimate. The relative inaccuracy of 
the modified equations 4 and 5 is heralded by the less 
accurate predictions made by the parent static formulas 
(Table VIII). 

The accuracy of birth weight predictions of the mod- 
ified equations 1, 2, and 3 is remarkable and compares 
favorably to other studies of static formulas. Shepard, 
et al.’ reported that 54.8% and 50.7% of the estimates 
from equations | and 2, respectively, were within 100 
gm/kg birth weight. Warsof et al.* reported four equa- 
tions with percent of estimates within 100 gm/kg that 
ranged from 52% to 57%. Weiner et al.‘ evaluated the 
use of eight formulas with preterm infants; the percent 
of estimates within 100 gm/kg ranged from 19% to 
63%. In each of these studies the estimates were made 
within 48 to 72 hours of delivery. In this study 65% to 
67% of the estimates were within 100 mg/kg birth 
weight. Warsof et al.* reported the mean absolute error 
per kilogram birth weight to range from 104 to 125 
gm/kg among four equations tested. The modified 
equations 1, 2, and 3 had mean absolute errors that 
ranged from 86 to 91 gm/kg. Equations 1 and 2 (from 
Hadlock et al.*) may offer advantages over our previ- 
ously reported equation! as a result of improved ac- 
curacy across birth weight ranges. 

Hadlock et al.*® reported 19 static formulas in which 
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the standard deviation of percent mean error ranged 
from + 7.3% to 12.9%. Ott et al.’ observed a range from 
13% to 18% for the same statistic among eight formulas. 
The same authors noted a range from + 8.7% to 11.1% 
among six other formulas.’ In this study, the standard 
deviation of percent error ranged from +10.1% to 
10.8% for the three modified formulas derived from 
Hadlock et al. Shephard et al.* reported the mean ab- 
solute error to be + 343.4 and +349 gm for their equa- 
tions | and 2 for all estimates, and a maximum absolute 
error observed of 1266 and 1099 gm, respectively, for 
each equation. The mean absolute error for the mod- 
ified formulas 1 through 3 was <280 gm, and the max- 
imum absolute error ranged from 962 to 1288 gm 
(Table V). 

The results of this study validate the concept of in- 
corporating a lapse-time factor in equations to predict 
birth weight from remote ultrasonographic data. 
Weight estimates were improved even when birth oc- 
curred within 1 week of ultrasonographic examination. 
The accuracy of the estimates was maintained across 
the full range of lapse times observed. When lapse time 
exceeded 35 days, unacceptable deterioration of ac- 
curacy is noted (our unpublished observations). The 
use of these equations when lapse time exceeds 35 days 
is discouraged. Although the number of modified 
equations is limited, this concept probably could be 
used to remodel virtually any static formula. 

These modified equations predict growth subsequent 
to ultrasonographic examination on the basis of the 
mean growth observed in our population. Although no 
attempt was made to exclude growth-retarded or ma- 
crosomic infants during model development, the use 
of the modified equations for pregnancies at risk for 
excess or subnormal fetal growth may result in signif- 
icant overestimation or underestimation. Furthermore, 
these equations have been tested only as birth weight 
predictors, and their accuracy remote from delivery for 
interval weight estimations is not suggested, implied, 
or tested. Rates of fetal growth remote from delivery 
may differ from that in the 35 days before delivery. 

The clinical use of the modified equations is straight- 
forward. The weight estimate determined by the static 
parent formula is coupled with the lapse time that has 
occurred, and a birth weight estimate is determined by 
the modified form of that equation. 

The results achieved in this study and the parameter 
coefficients determined may be specific to our popu- 
lation. Full validation of the modified equations re- 
quires testing outside our population. Although the 
concept of lapse-time factoring may be confirmed by 
others, the coefficients for the equations’ parameters 
may differ in other populations. 


We thank A. L. Bower, RN, RDMS, P. D. Driskell, 
RN, P. Z. Walters, RN, and Maggie Steptoe, MS, for 
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help with data collection. 
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Dating the early pregnancy by sequential appearance of 


embryonic structures 


Wendy B. Warren, MD, Ilan Timor-Tritsch, MD, David B. Peisner, MD, Sashi Raju, and 


Mortimer G. Rosen, MD 
New York, New York 


A total of 97 transvaginal scans were performed from 4 to 12 weeks’ gestation in normal and accurately 
dated gestations. The sequential appearance of six structures were examined: (1) the gestational sac only 
was present during week 4; (2) the yolk sac appeared in week 5; (3) the fetal pole with detectable heart 
motion was first seen in week 6; (4) the single unpartitioned ventricle in the brain marked week 7; (5) the 
falx cerebri appeared during week 9; and (6) the appearance and the disappearance of the physiologic 
midgut herniation were seen in week 8 and week 11, respectively. Inasmuch as the time in gestation at 
which these structures appear characterizes the gestational age more than any measurement at this age, 
we propose a practical method to determine the correct gestational age in early first-trimester pregnancy. 


(Am J OBsTET GYNECOL 1989;161:747-53.) 


Key words: Transvaginal ultrasonography, embryologic development, pregnancy, first 


trimester 


Pregnancy dating is an important consideration in 
several diagnostic and therapeutic processes in peri- 
nataology. The later in pregnancy the “dating” process 
is performed, the larger the confidence limits become.' 
Measurement of the crown-rump length by ultraso- 
nography is considered to be the most accurate method 
to establish gestational age in the first trimester. How- 
ever, crown-rump length is measurable by abdominal 
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ultrasonography only after 6 weeks’ gestation.*” The 
accuracy of early first-trimester crown-rump length 
measurements by abdominal ultrasonography has been 
estimated to be +5 days at best. Attempts have been 
made to date the very early gestation by measuring the 
size of the gestational sac.''’ However this was not 
widely accepted as a useful clinical tool because the 
confidence limits of these measurements are + 12 days 
and the size of the sac varies because of variable influ- 
ences of the bladder and scanning plane.' 

In earlier publications we described the ability of a 
6.5 MHz transvaginal transducer probe to image em- 
bryonic and extraembryonic structures in the first 
trimester. In early anatomic studies of human em- 
bryos, the structures of developing embryos have been 
used as a method to determine their postconceptional 
age.” ° We hypothesize that the sequential appearance 
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Fig. 2. Week 5. 2.2 mm Yolk sac (open arrow) within a 6.6 x 7.0 mm chorionic sac. Embryonic pole 


is not yet seen. No heart motion was detected by M-mode sweep (M). 


of embryonic structures by transvaginal ultrasonogra- 
phy can be used in the dating process of first-trimester 
pregnancies. The purpose of this study is to develop 
an ultrasonographic method of dating for practical 
clinic application in the first trimester. 


Material and methods 

We performed 104 first trimester transvaginal ul- 
trasonography examinations. For purposes of cross- 
sectional analysis in this study, only one examination 
for each embryo-fetus was used. To ensure the enroll- 
ment of patients with most accurate dating, we included 
only patients who had artificial insemination, partici- 


pated in our in vitro fertilization program, or had reg- 
ular menstrual periods with certain dates of their last 
menstrual period (LMP) or conception. 

Gestational ages in this study are given in weeks and 
days from the LMP or from the day of conception to 
which 14 days were added. For the purpose of analysis 
and potential clinical application, the studies were 
grouped by weeks of gestational age (e.g., 4 weeks = 4 
weeks and 0 days to 4 weeks and 6 days). 

The ESI-1000 scanner (Elscint, Haifa, Israel) 
equipped with the ED65 transvaginal probe with a 10 
mm diameter crystal that has a frequency of 6.5 MHz 
was used for all studies. To shorten examination time, 
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Fig. 3. Week 6. a, 4 mm Embryonic pole (long arrow) is imaged tangentially to yolk sac (open arrow). 


b, M-mode cursor (M) clearly shows heart motion (small arrow). 





Fig. 4. Week 7. Unpartitioned ventricle in head (open arrow). 


video recording of the scanning session was used in 
gestations >9 weeks. The reason for this was that fetal 
movement starts to be significant at this time, interfer- 
ing with a detailed, effective, and short examination. 


The hard copies and the video tape recordings of 


each gestation were evaluated for the presence and the 
absence of six embryonic-anatomic structures known 
to occur at certain gestational ages: (1) the gestational 
sac (Fig. 1); (2) the yolk sac (Fig. 2); (3) fetal pole with 
detectable heart motion (Fig. 3); (4) the single unpar- 
titioned ventricle in the developing brain (Fig. 4); (5) 


the falx that divides the ventricle (Fig. 5); and (6) the 
physiologic midgut herniation (Fig. 6). 


Results 


Table I contains the distribution of the scanned preg- 
nancies throughout gestation. 

For each gestational week the mean gestational age 
by crown-rump length was compared to the mean ges- 
tational age as determined clinically by date of concep- 
tion. Table I shows that the clinical dating for each week 
>6 weeks’ gestation is within 1 day of the gestational 
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Fig. 5. Week 9. a, Falx (black arrow) divides ventricle. b, In addition to falx (white arrows), hyperech- 


ogenic choroid plexus is visualized (black arrow). 





Fig. 6. Weeks 8 to 11. Physiologic midgut herniation (between arrowheads) is demonstrated on a 
horizontal (a) and midsagittal (b) section of abdominal wall at cord insertion. 


age derived from the measured mean crown-rump 
length.’ At 11 weeks’ gestation, however, gestational age 
by LMP was within 2 to 3 days of the gestational age 
by crown-rump length. 

As to the presence or the absence of embryonic and 
extraembryonic structures, the following observations 
were made. 

Week 4, n = 6. The sonolucent intrauterine gesta- 
tional sac without a yolk sac was seen throughout week 
4. The earliest observation was in three patients at 4 
weeks and 3 days. The latest this observation was made 
was at 5 weeks and | day (one patient). 

Week 5, n = 11. The yolk sac is the dominant struc- 


ture of week 5. It was observed as early as 5 weeks and 
0 days in three patients. The latest a yolk sac was seen 
with no heart motion in a fetal pole was at 6 weeks and 
1 day. 

Week 6, n = 15. The fetal pole with fetal heart mo- 
tion was first seen in week 6. In two embryos the fetal 
heart was seen as early as 6 weeks and 0 days. 

Week 7, n = 17. The appearance of the undivided 
ventricle in the forebrain marks 7 weeks’ gestation. 
Some variation was observed; in two instances the single 
ventricle appeared as early as 6 weeks and 6 days. In 
one embryo this structure with no falx was seen as late 
as 9 weeks and 2 days. 
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PERCENT OF EMBRYONIC STRUCTURES 
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STRUCTURE ABSENT 
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SAC ONLY 
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Fig. 7. Summary of detection of six embryonic structures in first trimester of pregnancy. Solid line 
differentiates weeks of gestation in which majority of embryos-fetuses displayed change in ultra- 


sonographic appearance. 


Table I. Distribution of the patient population according to weeks’ gestation by clinical dating and by 
mean crown-rump length 












Mean. gestational age 


Week by clinical dating 
4 6 4+4 
5 lI 5+2 
6 15 6+2 
7° 17 7+3 
8 10 8+3 
9 13 9+2 
10 15 10 +2 
il ll ll +2 
12 6 12 +3 





*Total = 104, 
tCrown-rump length by Robinson and Fleming.’ 
tn = 2. 


Week 8, n = 10. The falx appeared and divided the 
two lateral ventricles scanned in week 8 in three of 10 
embryos. The earliest the falx was seen was at 8 weeks 
and 1 day. The physiologic ventral herniation of the 
midgut was observed in all four embryos in which the 
abdominal wall was imaged. 

"Week 9, n = 13. During week 9, 10 of 13 fetuses 
showed the presence of the falx partitioning the ven- 
tricle. In all 13 fetuses the physiologic midgut herniaton 
was present. 

Week 10, n = 15. In week 10 all the fetuses showed 
the falx in the forebrain. The area of the cord insertion 





Gestational age by mean 
crown-rump lengthT 
(weeks + days) 






Mean crown-rump - 
length? (mm) 





2.04 — 

6.4 6+3 
11.8 7+4 
17.4 8+ 3 
26.1 9+ 3 
34,5 10+ 2 
48.0 11+ 5 
53.0 124+ 3 


could be evaluated in 11 of 15 fetuses and the midgut 
herniation was seen in all 11 fetuses. 

Week 11, n = 11. In week 11, the midgut herniation 
was present in four of eight fetuses in which the um- 
bilical cord insertion was imaged. 

Week 12, n = 6. No fetus showed a midgut hernia- 
tion after 12 completed weeks’ gestation. 


Comment 


In a study of human embryo specimens accumulated 
at the Carnegie Institution of Washington, Johns Hop- 
kins University, Streeter" used the number of somites 
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present in the embryos to classify their stage of devel- 
opment into groups. For each group, he carefully de- 
scribed the development of organ systems in an attempt 
to determine the age. He used this structural method 


to determine age because, “It is in embryos of the first 


seven weeks that the external form and structural or- 
ganization are more informative as to age than is size 
alone.” Beyond 8 weeks from conception, according to 
Streeter, “the weekly increment in growth and weight 
is large enough to provide an adequate index of relative 
development.” 

Obstetric transvaginal ultrasonography allows the 
use of the high-frequency, 6.5 MHz probe with a lateral 
resolution of about 0.6 mm and axial resolution of 
0.3 mm.” This type of high resolution enables the ac- 
curate measurement of extremely small structures such 
as 2 mm yolk sac and, the early embryonic pole, and 
the detection of even thinner structures at fluid inter- 
faces, such as the falx, as we have described in previous 
studies.* We used six embryonic structures detected by 
transvaginal ultrasonography for purposes of dating 
the early pregnancy with consideration to the hypoth- 
esis of Streeter that this could be a useful method to 
date the gestation. 

_ After testing the accuracy of the gestational ages of 

ur study groups by crown-rump length, we were con- 
fident to expand the evaluation to the six embryonic 
structures imaged throughout the group. 

Despite our efforts to accurately date every preg- 
nancy included in the study, there were several embryos 
that were slightly different from the overwhelming ma- 
jority of the embryos of the same gestational age. The 
following is a list of examples: 


1. In one embryo at 6 weeks and 1 day, only a yolk 


sac was seen. This was commonly observed during 
week 5. ` 

2. In two embryos the single ventricle, usually seen 
during week 7, was seen at 6 weeks and 6 days. 

3. In one embryo an unpartitioned ventricle with no 
falx was seen as late as 9 weeks and 2 days. 

4. In one case the falx, which marks the week 9, was 
seen as early as 8 weeks and 1 day. 

These slight variations seen in a small percentage of 
the studied embryos may be a result of unforeseen 
variations in the actual gestational ages despite our best 
effort to control this variable. ‘Theoretically, they may 
also represent some minor differences in timing of zhe 
actual structural development as Streeter suspected.'° 

We therefore suggest a practical way to date the early 
first-trimester pregnancy, ‘summarized in Fig. 7. For 
each of the six anatomic structures analyzed, we placed 
a dividing mark between the gestational weeks during 
which the anatomic structure was seen in the majority 
of cases and the weeks during which it was mostly ab- 


September 1989 
Am J Obstet Gynecol 


sent. From these lines we have derived a steplike map 
for easy dating purposes. - 

When a gestational sac is visualized without a yolk 
sac, the gestation is in week 4 from the LMP. If a yolk 
sac is detected in the gestational sac, but no fetal heart 
can be discerned, the gestation is in week 5. If there is 
fetal heart motion, but a cerebral ventricle cannot be 
visualized, then the gestation is in week 6. If there is a 
single ventricle but no falx and no physiologic midgut 
herniation, then it is 7 weeks’ gestation. If either a falx 
or the midgut herniation can be seen, it is >8 weeks’ 
gestation. If there definitely is no midgut herniation, 
the normal fetus is >12 weeks’ gestation (Fig. 7). The 
converse is also true—if a ventral hernia is imaged in 
a well-dated fetus >12 weeks’ gestation, this should, be 
considered abnormal or, at the least, highly suspicious. 

These normative data may also be used to follow-up 
expected development and detect as early as possibly 
any deviation from zhe normal. In studies done in basic 
embryology it has been suggested that structure’ defi- 
nition within any given embryo-fetus is at least as re- 
liable, and probably is more reliable, than the currently 
employed length measurements to determine ‘gesta- 
tional age in the early pregnancy. More work is needed 
to prove this assumption as it applies to ultrasono- 
graphic techniques to date the early preguaney 

In conclusion: 

1. The high-freçuency high- -resolution vaginal ul- 
trasound probe detects certain emneyonis structures at 
consistent gestational ages. 

2, Accurate dating of early pregnancies by this tech- 
nique is feasible based on the chronologic and sequen- 
tial appearance of these structures. ` 

3. We propose a simple chart as a practical dating . 
guide for clinical use in the first-trimester pregnancy 
with uncertain dates or to monitor the structural de- 
velopment of an embryo-fetus with known and accurate 
dating. A line was drawn to mark the gestational weeks 
during which a majority of the embryos-fetuses dis- 
played a change in the ultrasonographic appearance. 
(Fig. 7) 
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ultrasonographic screening indicated? 
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Macrosomia is a potertial but otten overlooked consequence of the postdate pregnancy. A total of 317 
consecutive patients with well-dated pregnancies who were seen because of fetal surveillance at >41 
weeks’ gestation had an estimation of the fetal weight based on femur length and abdominal 
circumference at the iritial visit. The incidence of macrosomia at 41 weeks’ gestation was 25.5%. There 
was a higher incidence of cesarean section because of arrest and protraction disorders in the postdate 
pregnancies in which the infant was macrosomic (22%) versus those in which the infant was not 
macrosomic (10%, p < 0.01). In a control group of 100 consecutive women delivered between 38 and 40 
weeks’ gestation, the incidence of macrosomia was 4%, significantly lower than the rate in the postdate 
patients (p < 0.01). Incidence of cesarean section because of arrest and protraction disorders was 
significantly lower in this group (6%, p < 0.05). The sensitivity and specificity of an estimated fetal weight 
>4000 gm to predict a birth weight >4000 gm were 60.5% and 90.7%, respectively, with a positive 
predictive value of 70% and a negative predictive value of 87%. We conclude that routine ultrasonographic 
screening for macrosomia may be a valuable adjunct to current fetal surveillance protocols used in the 


postdate pregnancy. (Am J OssTeT GYNECOL 1989;161:753-6.) 


Key words: Fetal weight, macrosomia, postdates, ultrasonography 


Approximately 18.5% of all pregnancies continue be- 
yond 41 weeks’ gestation and 3.9% to 10% continue 
beyond 42 weeks’ gestation.' These pregnancies have 
an increased risk of perinatal morbidity and mortality 
that can be reduced with appropriate antepartum fetal 
surveillance.’ 

There is no consensus with regard to the optimal 
form of fetal surveillance to use in the postdate preg- 
nancy. Current protocols suggest the use of the 
biophysical profile, nonstress test, contraction stress 
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test, amniotic fluid index, umbilical artery Doppler 
systolic/diastolic ratio, or some combination of the 
above.®* These tests are primarily designed to detect 
fetal hypoxia or acidosis as a result of uteroplacental 
insufficiency. 

Another recognized but often overlooked conse- 
quence of the prolonged pregnancy is fetal macro- 
somia. The postdate fetus should continue to grow, al- 
though at a reduced rate, in the absence of uteropla- 
cental insufficiency.® Thus an otherwise healthy fetus 
may become macrosomic with continuation of the preg- 
nancy. Macrosomia, although rarely screened for unless 
clinically suspected, is by itself associated with an in- 
creased risk of maternal and perinatal morbidity and 
mortality. The purpose of this study was to determine 
(1) the incidence of macrosomia in pregnancies =41 
weeks’ gestation, (2} the incidence of cesarean section 
because of arrest and protraction disorders in this sub- 
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set of patients, and (3) the predictive value of a single 
ultrasonographically determined estimated fetal weight 
as a routine screening tool for macrosomia in the post- 
date pregnancy. i 


Material and methods 


The study group consisted of all patients seen for 
fetal surveillance at >41 weeks’ gestation from January 
1987 through June 1988 at a hospital that serves a 
private middle-class population. Only patients with sin- 
gleton uncomplicated pregnancies with intact mem- 
branes were included in the study. Gestational age was 
confirmed by early first examination and ultrasono- 
gram at <20 weeks’ gestation in patients with certain 
. last menstrual periods. All patients had negative glu- 
cose screen results at 26 to 28 weeks’ gestation. 

After the initial visit, these patients were rou- 
tinely seen twice weekly to undergo nonstress tests 
and ultrasonographic determination of amniotic fluid 
volume. 

Morphometric measurements were made with the 
use of real-time scanning equipment (either an ATL- 
Ultramark IV, ATL, Bothell, Wash., or an Aloka 633, 
Cozometrics, Wallingford, Conn.). At that time, mea- 
surements of biparietal diameter (BPD), femur length, 
and abdominal circumference were made with stan- 
dard techniques. Estimated fetal weights were deter- 
mined with the standard equation of Hadlock, which 
is based on measurements of the abdominal circum- 
ference and femur length. Estimated fetal weights were 
not used as part of amanagement protocol. Actual birth 
weight, route of delivery, and indications for cesarean 
section were determined. Percentage differences be- 
tween estimated and actual birth weights were deter- 
mined for each patient. The sensitivity, specificity, and 
positive and negative predictive values of an estimated 
fetal weight >4000 gm to predict a birth weight >4000 
gm were determined. 

The postdate patients were compared with a control 
group of 100 consecutive patients between 38 and 40 
weeks’ gestation who had no antepartum complications. 
These patients were drawn from the same patient pop- 
ulation. The incidence of macrosomia, which was de- 
fined as a birth weight >4000 gm, was determined for 
both groups. The incidence of cesarean section beczuse 
of protraction and arrest disorders was determined for 
the study group with birth weights above and below 
4000 gm, as well as for the control group. 

A protracted active phase was defined as cervical di- 
latation of <1.2 cm/hr in nulliparous patients and <1.5 
em/hr in multiparous patients. A prolonged deceler- 
ation phase was defined as >1 hour for multiparous 
women and >3 hours for nulliparous women. A Dro- 
tracted descent was defined as <1.0 cm/hr and <2.0 
cm/hr in nulliparous and multiparous patients, re- 
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spectively. Arrest of dilatation was defined as no prog- 
ress in dilation for >2 hours during the active phase 
of labor. Arrest of descent was defined as no progress 
in descent >1 hour for nulliparous women and >0.5 
hour for multiparous women.’ 


Results 
A total of 472 patients were seen for fetal surveillance 

of their pregnancies at >41 weeks’ gestation between 
January 1987 and June 1988. Of these, 317 patients 
met criteria for the study. The mean gestational age 
was 42 + 0.6 weeks’ gestation and the mean birth 
weight was 3710 + 452 gm. There were 236 patients 
(74.4%) who were delivered of infants who weighed 
<4000 gm. A total of 81 patients (25.5%) were deliv- 
ered of infants who weighed >4000 gm; 12 of these 
81 patients were delivered of infants who weighed 
>4500 gm and 3 were delivered of infants who weighed 
>5000 gm. 

There were 172 patients (54.2%) who had completed 
41 weeks’ gestation. A total of 145 (45.7%) patients had 
completed 42 weeks’ gestation, 19 of whom had com- 
pleted 43 weeks’ gestation. The mean birth weight of 
the infants born at 41 completed weeks’ gestation was 
3710 + 452 gm and the mean birth weight of infants 
at 42 weeks’ gestation was 3705 + 454 gm. Of the 172 
neonates (25.5%) born at 41 weeks’ gestation, 44 were 
macrosomic; 37 of the 145 neonates (25.5%) born at 
>42 weeks’ gestation were macrosomic. There was no 
perinatal mortality. 

The control group had a mean gestational age of 
39.8 + 0.5 weeks and a mean birth weight of 3339 ss 
360 gm. The incidence of macrosomia was 6%, signif- 
icantly less than in the study population (p < 0.05). 

Of the 317 patients in the study group, 76 were de- 
livered by cesarean section, of which 72 were primary 
and 4 were repeat. The incidence of primary cesarean 
section was 22.7%, In those with birth weights >4000 
gm, 18 of 81 (22%) had cesarean sections because of 
arrest or protraction disorders. In those with birth 
weights <4000 gm the incidence of cesarean section 
for the same indications was 24 of 235 (10%), which 
was significantly lower (p < 0.01), Eight patients (2.5%) 
had outlet forceps deliveries, of which five were per- 
formed on infants <4000 gm and three involved in- 
fants >4000 gm. This was not significantly different. 
There were no midforceps deliveries. The incidence of 
cesarean section because of arrest or protraction dis- 
orders in the control group was 4%, which again was 
significantly lower when compared with the incidence 
for the postdate group in general (p < 0.05). 

There were 66 patients (20.8%) in whom the BPD 
was not obtainable because of the position of the fetal 
head. Abdominal circumference and femur length 
were obtained in all patients. There were 276 patients 
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(87%) who had an estimated fetal weight based on the 
abdominal circumference and femur length that was 
within 15% of the actual birth weight. Of these, 216 
(68%) had estimated weights within 10% of the actual 
birth weight. Of the 251 patients in whom an estimation 
of fetal weight based on BPD and abdominal circum- 
ference could be obtained, 221 (88%) had an estimate 
within 15% of the actual birth weight and 176 (70%) 
had an estimate within 10% of the actual birth weight. 
Table I presents the sensitivity, specificity, and positive 
and negative predictive values of an estimated fetal 
weight >4000 gm to predict a birth weight >4000 gm. 
The mean interval from scan to delivery was 5.4 + 4.4 
days and the mean percentage error of an estimated 
fetal weight was 7.5% + 6.4%. 


Comment 


Results of this study indicate the incidence of ma- 
crosomia at =41 weeks’ gestation is considerable. The 
incidence of birth weights >4000 gm was 25.5% 
(44:172) at 41 weeks’ gestation and 25.5% (37: 145) at 
42 weeks’ gestation. This was significantly increased 
when compared with the 6% of macrosomic infants 
in the control group of patients delivered between 38 
and 40 weeks’ gestation (p < 0.05). Similar results were 
reported by Arias? who also found a 23.8% incidence 
of macrosomia in fetuses of >41 weeks’ gestation. 
In a review of 9394 pregnancies, Boyd et al. found a 
16% incidence of macrosomic infants at 41 weeks’ ges- 
tation and a 21% incidence at 42 weeks’ gestation, both 
of which were significantly increased when compared 
with the 8.2% incidence he reported at <41 weeks’ 
gestation. This study concluded that infants delivered 
at 42 weeks’ gestation were almost three times as likely 
to weigh >4000 gm than those delivered at <41 weeks’ 
gestation. 

This relatively high incidence of macrosomia is im- 
portant to recognize because of the complications as- 
sociated with this condition. These include increased 
maternal and fetal trauma, shoulder dystocia with re- 
sulting Erb’s palsy, perinatal asphyxia, meconium as- 
piration, increased rate of labor disorders, and post- 
partum hemorrhage.'** We chose to evaluate the in- 
cidence of cesarean section in response to arrest and 
protraction disorders because of its relatively common 
occurrence and because such disorders are defined by 
standard and generally accepted criteria.” In our study 
the incidence of cesarean section because of arrest 
and protraction disorders in the postdate pregnancies 
with macrosomic infants was 22.2% and was signif- 
icantly greater than the 10.1% observed for postdate 
pregnancies with nonmacrosomic infants (p < 0.01). 
Others? * have also demonstrated that there is an in- 
creased incidence of cesarean section because of arrest 
and protraction disorders in this population. Parks and 
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Table I. Predictive value of estimated 
fetal weight 









Birth weight 





Estimated fetal weight >4000 gm <4000 gm 
>4000 gm 49 22 
<4000 gm 32 214 


Sensitivity = 61%; specificity = 91%; positive predictive 
value = 70%; negative predictive value = 87%. 


Ziel? have advocated primary cesarean section for fe- 
tuses with an estimated fetal weight >5000 gm to avoid 
the potential complications of vaginal delivery of an 
infant believed to be 24500 gm. 

Present protocals with regard to the conservative 
management of the postdate pregnancy have empha- 
sized the detection of fetal asphyxia but have neglected 
to account for increasing fetal size. The rationale that 
is often given for prolongation beyond term of a preg- 
nancy with good dates is the avoidance of cesarean 
section thought to result from induction of labor with 
an unfavorable cervix. It may not be appropriate, how- 
ever, to screen a postdate pregnancy solely for asphyxia 
while allowing the fetus to continue to grow, thereby 
also increasing the chances for cesarean section on 
the basis of fetal size. Clinical suspicion based on a 
symphyseal-fundal height >40 cm or maternal risk fac- 
tors such as maternal age, parity, prepregnant obesity, 
maternal diabetes, or previous birth of a large infant 
has been shown to be inadequate, leaving >50% of 
macrosomic infants undetected.* Whereas routine ul- 
trasonographic screening is advocated in the diabetic 
pregnancy in which the incidence of macrosomatia 
ranges from 10% to 28%,'* " it is rarely, if at all, used 
in the postdate pregnancy where the absolute incidence 
of large infants may be higher. 

The third purpose of this study was to evaluate the 
accuracy of an ultrasonographically determined esti- 
mated fetal weight obtained at =41 weeks’ gestation. 
In our study, 87% of the estimated fetal weights were 
within 15% of the actual birth weights and 68% were 
within 10% of the actual weights. The sensitivity and 
specificity of an estimated fetal weight >4000 gm to 
predict an actual birth weight >4000 gm were 61% and 
91%, respectively. The positive predictive value of 70% 
indicates that the ultrasonographic diagnosis of macro- 
somia was associated with actual macrosomia in 7 
of every 10 cases. The negative predictive value of 87% 
indicates that when ultrasonography excluded macro- 
somia, it was present in only 1.3 of 10 cases. These 
findings occurred despite the fact that the estimates 
were determined by multiple operators. We chose an 
estimation of fetal weight based on a standard equation 
determined from measurements of the abdominal cir- 
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cumference and femur length because these measure- 
ments could be easily obtained in all patients, whereas 
a BPD could not be adequately measured in 66 (20.8%) 
of the 317 patients. Various methods for the-ultrason- 
ographic detection of the macrosomic infant have 
been suggested. These have included evaluation of es- 
timates of fetal weight as determined by the equation 
of Shephard based on measurements of the BPD and 
abdominal circumference, and that of Hadlock based 
on measurements of the abdominal circumference and 
femur length. Others have used various indices such 
as the BPD or abdominal circumference alone, or the 
head circumference or femur length/abdominal cir- 
cumference ratios.’* ’ The latter two are based on the 
premise that the abdominal circumference should be 
relatively increased in the macrosomic infant. The 
majority of these studies have focused on the infant of 
the diabetic mother or on the large-for-gestational-zge 
infant, delivered at a wide variety of gestational ages. 
It has been suggested that the body proportions of the 
postdate infant may be different from that of the di- 
abetic infant and thus it is uncertain whether the above 
studies can be applied to the postdate population.’ 

A study by Guzick et al.'® that evaluated the use of 
standard equations to estimate fetal weight in the post- 
date population concluded that the predictive value of 
these equations was not related to gestational age. He 
did not, however, determine the ability to predict ma- 
crosomia. We found the sensitivity and specificity of 
our ultrasonographic prediction of macrosomia in the 
postdate population to be similar to those reportec by 
other studies of infants at <40 weeks’ gestation o7 in 
diabetic pregnancies.'”'® The fact that they did not vary 
greatly from other studies may be a reflection of the 
error of the technique. 

The addition of the determination of an estimated 
fetal weight at the first visit at =41 weeks’ gestation can 
be easily accomplished and may be a valuable adjunct 
in the management of these pregnancies. We plan fur- 
ther studies that will incorporate this determination 
into a prospective management scheme for this pop- 
ulation. This is needed to determine whether induction 
of labor would, in fact, result in a lower incidence of 
cesarean deliveries or birth trauma when compared 
with expectant management. 

In conclusion, this study has demonstrated that the 
incidence of macrosomia in postdate pregnancies is 
considerable, that this condition is associated with an 
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increased rate of cesarean section because of arrest and 
protraction disorders, and that real-time ultrasonog- 
raphy can be used with reasonable accuracy to predict 
this condition in the postdate pregnancy. 
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of real-time ultrasonography combined with umbilical ' 
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This study was undertaken to evaluate the role of Doppler velocimetry combined with intertwin differences 
in ultrasonographically derived estimated fetal weight, biparietal diameter, abdominal circumference, and 
femur length as a comprehensive test for the prediction of discordancy. The following cutoff values were 
used to indicate abnormal test results: A biparietal diameter > 6 mm, A abdominal-circumference > 

20 mm, A femur length > 5 mm, A estimated fetal weight > 15%, and A systolic/diastolic ratio > 15%. 
Discordancy was identified when the birth weight difference exceeded 15%. The study population 7 
consisted of 58 consecutively evaluated third-trimester twin gestations. Eighteen sets of twins were 
discordant. None of these tests was uniformally successful in identifying twin discordancy;.in three 
instances, all test results were normal. The diagnostic accuracy provided by. ultrasonography was not 
significantly different from that provided by Doppler velocimetry. Overall the best predictor appeared to be 
the presence of either A systolic/diastolic ratio > 15% or A estimated fetal weights > 15% , which correctly 
identified 14 of the 18 discordant twins and misclassified only five of the 40 concordant pairs. This ` 
combination also had the highest positive and negative predictive values (73% and 90%, respectively). 


(Am J OBSTET GYNECOL 1989;161:757-60.) 
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Discordant growth in twin gestation can result from 
placental crowding, twin-to-twin transfusion, a poor 
placental implantation site, or chromosomal anoma- 
lies.! This high-risk condition is associated with a sig- 
nificant increase in perinatal morbidity and martal- 
ity.” Use of discordancy as an outcome variable-has its 
pitfalls (i.e., discordant twins who are both normal or 
a growth-retarded pair, which may not be discordant). 

The clinical diagnosis of discordant growth in twin 
gestation is almost impossible.' With the use of real- 
time ultrasonography, various indices have been sug- 
gested for identification of discordant growth. These 
include intrapair differences in biparietal diameters, 
abdominal-circumferences, and femur lengths.** Since 
the definition of growth discordancy ‘is based on 
birth weight differences,. ultrasonographic estimates 
of fetal weight have also been useful i in 1 making this 
diagnosis. 

Recent studies have suggested that twin discordancy 
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is associated with unequal fetoplacental blood flows. 
Thus umbilical artery flow velocimetry has been ad- 
vocated for prediction of this condition.” *'These stud- 
ies, however, did not compare the diagnostic value of 
umbilical artery flow velocimetry in relation to other 
established ultrasonographic criteria for diagnosis of 
discordant growth in twin. ‘gestation. 

The purpose of this study was to examine the di- 
agnostic value of various ultrasonographic indices com- 
bined with Doppler assessment of ‘umbilical artery ve- 
locity waveforms as a comprehensive test for detection 
of twin discordancy. 


Material and methods 

Thestudy population consisted of patients evaluated 
at the Maternal-Fetal Assessment Center at the Albert 
Einstein College of Medicine. The following were cri- 
teria for inclusion in the study: (1) third-trimester twin 
gestation with both fetuses alive at the. time of the ex: 
amination, (2) well-documented dates (by reliable men: 
strual history in agreement with an ultrasonographic 
examination before 22 weeks’ gestation), (3) intact 
membranes and mother not in labor, (4) ‘delivery oc- 
curred within 2 weeks of ultrasonographic-Doppler 
evaluation. Morphometric measurements were madé 
with real-time scanning (either ATL-Ultramark IV or 
an Aloka 633) equipment, and included intrapair dif 


757 


758 Divon et al. 


Table I. Coefficients of correlation between 
percent difference in birth weight and percent 
difference in ultrasonographic-Doppler indices 


R p 





% ABW vs. % ABPD 0.33 NS 
% ABW vs. % AAC 0.49 NS 
% ABW vs. % AFL’ 0.55 , NS 
% ABW vs. % AS/D 0.57 NS 
% ABW vs. % AEFW 0.70 <0.05 


ferences in (1) biparietal diameters—ABPD, (2) ab- 
dominal circumferences—AAC, (3) femur length— 
AFL. These measurements were performed by means 
of standard techniques and also allowed the calculation 
of the estimated fetal weights (EFW) (based on AC-FL’) 
and the intrapair ‘difference i in EFWs (AEFW). 

Umbilical artery velocity waveforms were analyzed 
with a continuous-wave: Doppler device (Fetal-Flo, 
Medasonics, Inc., Mountain View, Calif.). The locations 
of the umbilical cords were determined by real-time 
ultrasonography, and the Doppler transducer was then 
aimed in the direction of each umbilical cord. Thus 
umbilical cords were identified by their location and by 
the differing fetal heart rates.!° We accepted recordings 
for analysis only after obtaining a steady state of at least 
five consecutive pulsatile arterial waveforms simulta- 
neously displaying the nonpulsatile signal generated by 
umbilical venous flow (flowing in the opposite dizec- 
tion). No waveforms were obtained during periods of 
fetal breathing movements, body movements, or zar- 
diac arrhythmias. The umbilical artery flow velccity 
waveform was characterized by the ratio of peak sys- 
tolic/end-diastolic frequencies (S/D ratio). Three sep- 
arately obtained S/D ratios were derived per fetus, and 
the results were averaged. The intrapair S/D ratio dif- 
ference was expressed as a percentage of the larger 
twin’s S/D ratio (AS/D).. f 

The following cutoff levels were used prospectively 
to indicate abnormal test results: (1) ABPD > 6 mm, 
(2) AAC > 20 mm, (3) AFL > 5 mm, (4) AS/D > 15%, 
(5) AEFW > 15%." *!! Bed rest at home was recom- 
mended when AEFW > 15%. ` 

The intrapair birth weight (BW) difference was ex- 
pressed as a percentage of the larger twin’s birth weight 
(ABW). Discordancy was defined as ABW > 15§&.':” 
The coefficients of correlation (R) between %ABW and 
the percent difference in each of the ultrasonographic- 
Doppler variables were calculated. To evalute the use- 
fulness of the various indices for predicting twin dis- 
cordancy, we calculated the specificity, sensitivity, and 
positive and negative predictive values for single and 
combined test results. 


Results 


Fifty-eight sets of twins fulfilled the study criteria and 
formed the population for this study. Of the 58 women, 
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40 (69%) were delivered of concordant twins and 18 
(31%) were delivered of discordant twins. There was a 
statistically significant difference in the mean birth 
weight between the concordant twins (2627 + 526 gm; 
range, 1680 to 3700) and the discordant twins (2192 + 
315 gm; range, 1170 to 3050; p < 0.01). The mean 
gestational age at delivery was 37.4 + 1.2 weeks (range, 
30 to 42); there was no difference between the con- 
cordant and the discordant pairs. 

Table I presents the coefficients of correlation be- 
tween the percent difference in birth weight and the 
percent difference in each of the ultrasonographic- 
Doppler indices used in this study. Only the SAEFW 
was significantly correlated with the ZABW (R = 0.7, 
p < 0.05). l 

Table II presents the sensitivity, specificity, and pos- 
itive and negative predictive values of single and com- 
bined test results. None of these five tests was unifor- 
mally successful in identification of growth discordancy 
in twins. Overall, the best predictor appeared to 
be the presence of either AEFW > 15% or AS/D > 
15%, which correctly identified 14 of the 18 growth- 
discordant twins (sensitivity of 78% and specificity 
87%). This: combination of tests also had the highest 
positive and negative predictive values (73% and 90%, 
respectively). In three instances with mild birth weight 
discordancy, results of all tests had been nor mal (‘Table 
III). The diagnostic accuracy provided by Doppler ve- 
locimetry was not significantly different from that pro- 
vided by real-time ultrasonography. 


Comment 


This study assessed the diagnostic value of real-time 
ultrasonography combined with umbilical artery velo- 
cimetry as a comprehensive test for prediction of twin 
discordancy. The results indicate that none of the tests 
evaluated in this study was consistently successful in 
identifying growth discordancy. Overall, the best pre- 
dictor seemed to be the presence of either AEFW > 
15% or AS/D > 15%. This combination correctly iden- 
tified 14 of the 18 discordant sets of twins. — 

The most common definitions of growth discordancy 
are based on intertwin birth weight difference ex- 
pressed as a percentage of the larger twin’s weight.’ A 
wide range of cutoff values for WABW has: been dis- 
cussed in the literature. These values range from 
ABW > 15% to ABW > 40%.*" Although most clinical 
problems occur when the ABW exceeds 55%, the lower 
end of this spectrum was chosen for this study because 
we wanted to screen and include all possible pairs of 
discordant growth despite the obvious possibility of an 
increased incidence of false-positive test results. The 
incidence of growth discordancy in our study popula- 
tion was 31%. Other studies have reported a somewhat 
lower incidence cf 19% to 23% with the same definition 
for discordancy.' * This difference may be explained 
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Table II. Sensitivity, specificity, and positive and negative predictive values for single and combinations of 
test results — 








Positive predictive Negative predictive 





Sensitivity (%) Specificity (%) 


value (%) value (%) 

AS/D > 15% ae 66 5 64 À 55 75 
AEFW > 15% 47 81 56 74 
ABPD > 6 mm 30 88 50 75 
AAC > 20 mm 53 77 53 77 
AFL>5 mm 28 92 63 a 

Either AS/D > 15% or 78 87 73 90 

AEFW > 15% i 





Table III. Ultrasonographic and Doppler characteristics of three patients with discordant twins and 
normal testing 


Case No. Lave ] AS/D (%) |- AEFW (%) ABPD (%) AAC (%) AFL (%) 

















i 17 13, 10 i 3 i 9 4 

2 21 5 12 7 13 7 

3° 22 il 14 10 12 8 
by differences in sample size and by the fact that our 66% to 80% and its specificity to range from 74% to 
study population was comprised of high-risk referrals. 85%. The slightly lower sensitivity obtained in our 

Real-time ultrasonography is essential for the diag- study may be related to the prospective nature of the 

nosis of discordancy in twins. Initially, discordancy was study and to the fact that we used measurements ob- 
diagnosed by evaluation of the BPD. Crane et al.* com- tained by multiple perinatologists. 
pared the growth of the BPD between concordant twins During the third trimester, growth of the fetal femur 
and appropriate-for-gestational-age singleton gesta- in twins is not significantly different from that in sin- 
tions and detected no significant differences. They also gleton gestations.'* Storlazzi et al. evaluated several ul- 
showed that the mean difference in BPD among con- trasonographic indices as predictors of discordant fetal 
cordant twins was 1.8 mm (range, 0 to 5 mm). However, growth and showed that AFL = 5 mm had a positive 
the mean difference in BPD among discordant twins predictive value of 75%. A slightly lower positive pre- 
was 12.3 mm (range, 5.to 31 mm). A study by Leveno dictive value of 63% was calculated in our patient pop- 
et al.’ suggested that a cutoff value of ABPD = 6 mm ulation. 
is associated with discordancy and poor fetal outcome. .. The neonatal diagnosis of discordant growth in twin 
In our study, the sensitivity and specificity of ABPD > gestation is based on birth weight criteria. Therefore 
6 mm for predicting discordancy were 30% and 88%, it is reasonable to evaluate the value of intrapair dif- 
respectively. These results imply that most discordant ferences in EFW for making this diagnosis. In our 
twins do not demonstrate significant intrapair dif- study, %AEFW was the only ultrasonographic-Doppler 
ferences in BPD and are in agreement with other variable that had a statistically significant correlation 


studies that reported disappointing results with this with WABW (R = 0.7, p < 0.05). The sensitivity of 47% 
variable.? 55 a, and specificity of 77% for AEFW > 15% are not mark- 


Grumbach et al." evaluated the abdominal circum- edly different from those obtained for AAC > 20 mm. 
ference in twin and singleton gestations. Their results This is not surprising since the various formulas avail- 
indicated a significant decrease in the growth rate of able for calculating EFW emphasize the abdominal cir- 
the abdominal circumference in twins starting at ap- cumference much more than any other variable. As the 
proximately 32 weeks of gestation. Large intertwin dif- AEFW increases, the likelihood of one fetus being small 
ferences in abdominal circumferences were reported for gestational age is also increased. This fact was noted 
to be associated with neonatal birth weight discordancy by O’Brien et al., who reported that AEFW = 30% is 
by Barnea et al.* In the present study the positive and associated with a small-for-gestational-age newborn in 
negative predictive values for AAC > 20 mm were 53% 66% of cases. © 
and 77%, respectively. These results indicate that a sub- ‘Abnormal umbilical artery velocity waveforms have 
stantial difference between the abdominal circumfer- been detected in approximately 50% of growth- 
ences will correctly predict approximately one half of retarded singleton pregnancies.** Such waveforms 
the discordant pairs. Several investigators evaluated ‘probably reflect increased placental impedance to blood 


this index and reported its sensitivity to range from flow and are consistent with histologic evidence of a 
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placental vascular lesion.’ Several investigators have 
reported the use of umbilical artery velocimetry for 
surveillance of twin pregnancies.” * '° 1718 Farmakides 
et al.’ used an absolute cutoff value of AS/D > 0.4 ard 
found this test’ useful for identification of discordant 
growth. Their sensitivity and specificity values were the 
same as those detected by us with a relative cutoff level 
of AS/D > 15% (i.e., 73% and 82%, respectively). How- 
ever, no comparison was made between umbilical artery 
velocimetry and real-time ultrasonography. Saldana 
et al,” who compared AS/D to ultrasonographically 
derived AEFW, concluded that Doppler velocimetry 
was a better predictor of discordancy. The differerce 
between their results and ours could partially be a res.lt 
of different definitions of discordancy. Whereas Sal- 
dana et al. used an absolute value of ABW > 350 gm, 
we chose a relative birth weight difference of 15%. 
Nimrod et al." evaluated a combination of AAC, ABFD, 
and AS/D in either the fetal aorta or the umbilical ar- 
tery and found that 9 of their 11 discordant pairs had 
‘at least two abnormal variables. However, these ccm- 
binations were associated with a high false-positive rate. 
Although discordant S/D ratios may ‘reflect unequal 
fetoplacental circulations, the’ neonatal definition of 
discordancy is not related to umbilical arterial flow. A 
significant birth weight discordancy was identified 
in one of our patients who demonstrated concordant 
S/D ratios associated with twin-to-twin transfusion. 

In conclusion, the results of our study indicate 
that Doppler velocimetry complements real-time ul- 
trasonography for the diagnosis of discordant fetal 
growth in twin pregnancies. The presence of either 
AS/D > 15% or AEFW > 15% correctly identified 14 
of the 18 discordant twins and misclassified only 3 of 
the 40 concordant pairs. Ideally, an accurate ultrason- 
ographic estimate of fetal weights should suffice for 
making this diagnosis. However, ultrasonographic es- 
uimates of fetal weight have inherent inaccuracies"? that 
are amplified in this situation by head compression, 
unfavorable fetal lie, and the fact that an overlying fetus 
may cover parts of the other fetus. Abnormal umbilical 
artery velocity waveforms are not as directly related to 
the definition of discordancy as is an increased AEFW, 
but they do reflect unequal fetal- placental circulations, 
which is probably a major contributor to growth dis- 
cordancy in twin pregnancies. . 
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Doppler umbilical artery waveform indices— Normal values 


from fourteen to forty-two weeks 


Susan K. Hendricks, MD, Tanya K. Sorensen, MD, Keith Y. Wang, MD, PhD, 
Jeanette M. Bushnell, MSN, Elaine M. Seguin, RNC, and Rosalee W. Zingheim, BSN 


Seatile, Washington 


Normal values for Doppler waveform indices of the umbilical artery have been reported for gestational 
ages of 20 to 40 weeks in small numbers of normal patients. We evaluated 590 patient studies performed 
at 2-week intervals from 14 to 42 weeks’ gestation on patients without medical or pregnancy 
complications. Readings were obtained during fetal quiet times (no fetal breathing or movements). Values 
for A (systolic) and B (diastolic) pressures were plotted as Pourcelot (A — B/A) and A/B ratios. Mean, SD, 
and 95% confidence limits were derived, and the skewness, kurtosis, and regression correlations were 
calculated. No diastolic flow was found in any pregnancy >15 weeks’ gestation (n = 25) or in 50% of the 


gestations between 15 to 17 weeks (n = 25). When diastolic pressure equals zero, the Pourcelot ratio 
value equals one and the A/B ratio approaches infinity and loses meaning. Recent work by Thompson 

et al. suggests that the Pourcelot ratio fits a normal distribution from 20 to 40 weeks’ gestation and that 
the A/B ratio (which coes not fit a normal curve) may be transformed to a normal distribution by 
conversion of the A/B ratio to 1/1 — Pourcelot ratio. Our data supports the normality of both indices from 
18 to 42 weeks’ gestation, but these assumptions are not applicable as the Pourcelot ratio approaches 
one or as the A/B ratio approaches infinity. Knowledge of normal umbilical flow ratios at gestational ages 
from 18 weeks may allow early detection and directed management of high-risk pregnancies. (Am J 


Osster GYNECOL 1989;161:761-5.) 


Key words: Doppler velocimetry, normality, Pourcelot ratio, A/B ratio 


The utility of fetal velocimetry in antepartum as- 
sessment continues to be controversial. Although a 
plethora of research has attempted to support and clar- 
ify the use of Doppler ultrasonography for high-risk 
assessment, the majerity of clinical practitioners remain 
uncertain about the position of Doppler ultrasonog- 
raphy in the schemata of antenatal testing. The classic 
methods of assessment (ncnstress tests, contraction 


stress tests, and biophysical profile tests) are similarly v 
inconsistent at gestational ages <28 weeks. The phys- * 
iologic variability of system development in the fetus is . 


responsible for the lack of reliability and predictability 


in the second trimester. The genesis and development _ 


of uterine and umbilical blood flow is phylogenically 


earlier than that of respiratory rhythmicity and fetal : 
heart rate variability, and thus provokes the hypotheses * 
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that Doppler ultrasonography might be an appropri- 
ate modality for the selection and management of 
high-risk pregnancies at younger gestational ages than 
current techniques allow. To date, normal curve de- 
velopment has been limited by the small numbers of 
patients tested between 20 and 40 weeks’ gestation.'* 
Furthermore, most Doppler ultrasonographic studies 
have used parametric statistics to evaluate the A/B ra- 
tio. This ratio, which approaches infinity as B values 
approach zero, has been shown by statistical analysis to 
be non-normal. Our study calculates the distributions 
of the Pourcelot and A/B ratios (after mathematical 
transformation to a normal distribution by the conver- 
sion of A/B to 1/1 — Pourcelot ratio) in a large low- 
risk population and offers a suggestion for the future 
use and direction of fetal velocimetry. 


Material and methods 


Fetal velocimetry of the umbilical arteries was per- 
formed on 590 patients with low-risk pregnancies. Pa- 
tients with medical complications during or preceding 
pregnancy were excluded, as were all tests on patients 
with complications of pregnancy. Fetal anomalies were 
excluded by ultrasonography. 

Tests were performed at 2-week intervals from 14 to 
42 weeks’ gestation. Readings of the umbilical ar- 
tery were obtained by continuous-wave Doppler ultra- 
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Table I. Pourcelot ratio 


Gestational age 
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(wh) aw Mean 


+1.96 SD 

14 25 1.000 1.000 
16 25 0.856 1.09904 
18 26 0.807 0.98144 
20 29 0.743 0.9488 
22 25 0.747 0.84304 
24 25 0.714 0.87668 
26 30 0.681 0.85936 
28 43 0.696 €.82536 
30 42 0.686 C.8624 
32 51 0.651 €.80388 
34 75 0.618 6.81008 
36 61 0.6 6.76268 
38 71 0.591 0.80464 
40 34 0.54 0.73992 
42 25 0.531 0.68976 


Table II. A/B ratio 


1.000 — —— 
0.61296 1.148 0.481 
0.63256 — 2.258 5.03 
0.5372 0.032 0.412 
0.65096 — 0.431 — 0.555 
0.55132 — 0.871 1.211 
0.50264 0.463 — 0.824 
0.56664 — 0.686 0.513 
0.5096 — 0.064 — 0.501 
0.49812 —2.15 10.058 
0.42592 0.249 0.213 
0.43732 0.249 0.213 
0.37736 —0.114 — 0.025 
0.34008 1.28 1.852 
0.37224 0.52 — 0.276 


Gestational age , 
(wh) n Me 


an — 1.96 SD — 1.96 SD Kurtosis 
* ` * * w * 


14 25 

16 25 * * 

18 26 4.807 7.30404 
20 29 4.31 6.65612 
22 25 4.116 5.88588 
24 25 3.781 5.90956 
26 30 3.386 5.35384 
28 43 3.483 5.2666 
30 42 3.449 5.41684 
32 51 3.023 4.50084 
34 75 2.763 4.03308 
36 61 2.63 4.00984 
38 71 2.656 4.4004 
40 34 2.371 4.30748 
42 25 2.203 3.085 


* * * 
2.30996 0.959 0.723 
1.96388 —0.101 0.723 
2.34612 1.152 0.854 
1.65244 0.327 — 1.225 
1.41816 1.297 2.906 
1.6994 1.038 — 0.223 
1.48116 0.697 0.058 
1.54516 0.989 0.611 
1.49292 0.887 2.018 
1.25016 2,364 8.776 
0.9116 2.04 6.379 
0.43452 3.127 9.53 

1.321 1.33 1.366 


*B = 0 (14 weeks’ gestation, all 25 cases; 16 weeks’ gestation, 10:25). 


sonography (4 MHz) (MedaSonics Vasculab D-10, 
Mountain View, Calif.) in the manner originally de- 
scribed by Trudinger et al.' Patients were placed in the 
left lateral recumbent position during times of exam- 
ination. Measurements were taken during periods of 
fetal inactivity and apnea, which have been shown to 
affect the accuracy of measurement. Real-time speztral 
analysis was used to identify the maximum amplicude 
of the umbilical arterial waveform concomitantly vi- 
sualized with the umbilical venous signal. The signal 
was recorded for a minimum of 10 waveforms and 
measurements were performed by hand. An average 
was calculated for a minimum of five signals to obtain 
each separate value for A and B. Only low-risk sing-eton 
gestations were evaluated. Patients were not initially 
included in the study if there were antecedent maternal 
or fetal abnormalities or complications (hypertersion, 
diabetes, endocrine disorders, fetal anomalies) and 


were removed from the study if a pregnancy-related 
complication arose (intrauterine growth retardation, 
pregnancy-induced hypertension, oligohydramnios). 

Values for A (systolic) and B (diastolic) pressures were 
obtained and plotted as Pourcelot-ratio, To decrease 
the potential effect of extremely high A/B ratios, which 
may approach infinity as values of B approach zero, 
values for A/B were calculated from its relationship to 
the Pourcelot ratio (A/B = 1/1 — Pourcelot ratio) as 
previously described by Thompson et al.* This rela- 
tionship has been shown to translate the A/B curve into 
a normal distribution. Mean, SD, and 95% confidence 
intervals were calculated and fitted to regression curves. 
Distribution curves were developed for Pourcelot and 
A/B ratios at each gestational age and for the total 
distribution, and the skewness and kurtosis (graphic 
measures of symmetry and distribution) of these curves 
were analyzed. 
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Results 


The n for each gestational age and the calculated 
values of mean, SD, and 95% confidence intervals for 
Pourcelot and A/B ratios are listed in Tables I and H. 
Pourcelot ratio has been shown to be normal at all ges- 
tational ages in previous studies by Thompson et al.° 
This assumption of normality holds for the A/B ratio 
only when converted directly from the Pourcelot ratio 
for each gestational age group, which has little signif- 
icance at gestational ages <18 weeks (when B = O and 
Pourcelot ratio = 1). For each gestational age ranking, 
skewness and kurtosis were calculated to graphically 
estimate the normality of the distribution for each ratio. 
Skewness and kurtosis were measured for the entire 
population set, excluding 14 and 16 weeks’ gestation 
(Tables I and II). All values of B at 14 weeks’ gestation 
were zero (n = 25), and 13 of 25 values at 16 weeks’ 
were zero, which makes statistical manipulation of 
these subsets meaningless (Pourcelot ratio = 1 and 
A/B = infinity). The skew of these data was immense, 
which rendered the use of parametric statistics invalid. 
Skewness, a measure of symmetry, was calculated at 
0.258 for Pourcelot ratio and at 0.439 for the A/B ratio 
for the data from 18 to 42 weeks’ gestation, which 
strengthened the argument of normality (showing a 
nonsignificant positive, or right-handed, skew). Kur- 
tosis, a graphic measure of distribution shape, was cal- 
culated at 1.043 for Pourcelot ratio and at 1.002 for 
the A/B ratio (demonstrating a nonsignificant lepto- 
kurtosis). The distribution curves for the total data set 
of Pourcelot and A/B (1/1 — Pourcelot ratio) ratios are 
shown in Figs. 1 and 2. 

The gestational progression of Pourcelot ratio is rep- 
resented in Fig. 3. The mean and 95% confidence in- 
tervals are plotted. Regression lines were fitted to the 
curve with a correlation coefficient of r = 0.95. The 
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Fig. 2. Frequency of distribution, A/B ratio. 


mean and 95% confidence intervals of the A/B ratio 
are plotted in Fig. 4 with the fitted regression curves 
(r = 0.89). These calculations were obtained by a direct 
conversion of A/B from the Peurcelot ratio by the for- 
mula (1/1 — Pourcelot ratio) as previously described. 


Comment 


Doppler waveform indices have been studied by mul- 
tiple investigators as a possible measure of fetal well- 
being since original reports by Fitzgerald and Drumm 
(1977) and McCallum et al. (1978)’ reported the tech- 
nical ability to measure the blood flow velocity wave- 
forms in the umbilical artery of the fetus. Normal stud- 
ies have been reported by some investigators but in 
relatively small numbers and generally encompassing 
the gestational ages between 28 and 40 weeks.'* 
Thompson et al. have reported normal values for 35 
patients between 20 and 40 weeks’ gestation with the n 
at each gestational age ranging from 15 studies at 20 
weeks to 34 studies at 36 weeks.‘ In this study we report 
a series of 590 normal low-risk patient studies from 14 
to 42 weeks’ gestation. The assumption of normality 
for Pourcelot ratio as proved by Thompson et al.* is 
reconfirmed by our data for gestations of 18 to 42 
weeks. Similarly, calculation of the mean and 95% con- 
fidence intervals of the A/B ratio by direct conversion 
from the normal distribution of the Pourcelot ratio 
(A/B = 1/1 — Pourcelot ratio) transforms the A/B ra- 
tio into a normal distribution and allows the valid use 
of parametric statistical methods. This statistical treat- 
ment does not appear valid for gestations <18 weeks 
because of the high percentage of fetuses without di- 
astolic flow. , 

Early studies of fetal well-being as predicted by fetal 
velocimetry were encouraging. Various investigators 
have found a good correlation between an increased 
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Fig. 4. Normal values for A/B ratio (1/1 — Pourcelot ratio). 


A/B ratio and the presence of intrauterine growth re- 
tardation, which is currently the only Food and Drug 
Administration-sanctioned use of fetal Doppler ultra- 
sonography in the United States.*'° Trudinger et al." 
noted that the sensitivity of fetal Doppler ultrasonog- 
raphy was greater than that of traditional means of 
antepartum tests (the nonstress test) while maintaining 
equivalent specificity and predictive values. However, 
the place of fetal velocimetry in the spectrum of routine 
antepartum tests for the majority of high-risk preg- 
nancy conditions remains unclear. If a uniqueness ex- 
ists in the comparison of Doppler ultrasonography with 
other fetal testing methods, it may be that this modality 
offers the ability to screen high-risk pregnancies early 
in gestation with a reproducible testing mecharism. 
Knowledge of normal values for the Pourcelot and 
A/B ratios at early gestational ages may permit iden- 
tification and assessment of high-risk pregnancies at 
earlier gestational ages than that allowed by the limi- 


tations of current antepartum test modalities, which 
creates the possibility of earlier intervention and 
therapy. 


We thank Kathleen Nelson for her invaluable con- 
tributions to this work. 
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Screening with Doppler velocimetry in labor 


Leonard Feinkind, MD, Ovadia Abulafia, MD, Isaac Delke, MD, Joseph Feldman, MD, and 


Howard Minkoff, MD 
Brooklyn, New York 


Doppler flow velocimetry was performed on 273 nonselected patients in labor. All patients were at least 2 
cin dilated and 80% effaced (58% > 4 cm) and were delivered of infants within 24 hours. Fetal heart rate 
tracing performed at the same time was read by another observer and compared with Doppler flow 
velocity measurements (systolic/diastolic ratio, pulsatility index). A significant correlation was noted 

(r = 0.234, p <0. 001) between the two modalities. Both fetal heart rate tracings and umbilical flow 
velocity measurements were correlated with fetal outcome. Significant associations were noted between 
the umbilical. systolic/diastolic ratio and fetal distress, 5-minute Apgar scores, the need for intubation 
independent of gestational age, and umbilical arterial cord pH and base excess, It appears that the 
information obtained from’ flow velocimetry had additional benefits compared with that of fetal heart rate 


tracings alone. (Am J OBSTET GYNECOL 1989; 161 :765-70.) 


Key words: Doppler dioiu: flow velocimetry, labor 


Traditionally, the nonstress test (NST) has been 
used in the antepartum period to monitor fetal well- 


being.” More recently in the intrapartum period it has 


become routine in many institutions to obtain an initial 


“triage” NST when the patient is first seen. This initial . 


NST is said to have predictive value for the occurrence 
of fetal distress.*? Other modalities have been used in 
conjunction with the screening NST to increase its pre- 
dictive value. We report on the use of Doppler flow 
velocimetry to identify patients at increased risk for 
poor perinatal outcome. Doppler velocimetry was cho- 
sen for this study because it has previously been used 
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to identify the fetus in jeopardy.’ The fetus subjected 
to a chronic decrease in uterine blood flow or umbilical 
blood flow may be diagnosed with Doppler flow velo- 
cimetry and is more susceptible to episodes of de- 
creased Po, levels that normally occur during labor. 
Neonatal asphyxia may occur more rapidly in these 
patients. The purpose of this study is to examine in 
labor the relationship between the NST, umbilical ar- 
tery flow velocity, and perinatal outcome. 


Methods 


A total of 273 random patients in labor underwent 
a 20-minute Doppler flow velocimetry examination 
during the period from April 1987 to November 1987. 
All patients were =2 cm dilated and 80% effaced 
(58% > 4 cm) and were delivered of infants within 24 
hours. The systolic/diastolic (S/D) ratio and pulsa- 
tility index (PI) (maximum velocity — minimum velo- 
city/mean velocity) were recorded. Continuous-wave 
Doppler ultrasonography with a 4 mHz transducer and 
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Fig. 1. Relationship between umbilical §/D ratio and umbilical 
PI. 


a power density of 6.5 mw/cm* (Multigon Industries, 
North Yonkers, N.Y.) was used to obtain readings on 
the umbilical and uterine arteries. The S/D ratio and 
PI of these vessels were computed. The uterine artery 
signals were obtained transabdominally in the right and 
left lower quadrants. While the patient was in the left 
lateral position, the hand-held transducer was adjusted 
until the best signal was obtained. Two recordings from 
the right uterine artery and two recordings from the 
left uterine artery were averaged. The values of three 
umbilical recordings were also averaged. Care was 
taken to note the occurrence of umbilical vein fluccua- 
tions and irregular arterial waveforms. All measure- 
ments were taken in the absence of fetal breathing with 
at least 10 consistent waveforms present. All patients 
were simultaneously monitored by internal or external 
means with a Corometrics (Wallingford, Conn.) model 
111 or 115 fetal monitor. During the Doppler exami- 
nation the corresponding fetal tracing was analyzed for 
the same 20-minute period by another investigator. In 
addition, the last 30 minutes of fetal’ tracing immedi- 
ately before delivery was also analyzed. 
The Lyons scoring system was used to evaluate the 
fetal tracings on a score of 1 to 10.5 This was done by 
a separate observer who was unaware of the results of 
the Doppler velocimetry and the fetal outcome. ‘The 
initial tracing (tracing 1) when the Doppler flow velo- 
cimetry was performed and the last 30- minute tracing 
before delivery (tracing 2) were scored. Intraobserver 
variation was also analyzed by repeat readings taken on 
50 random patients. The information gathered from 
the Doppler flow velocimetry was not used in the cknical 
mariagement of the patient. Attending staff not in- 
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Fig. 2. Relationship between ueupiical S/D ratio and fetal 
weight. 


volved in the study made all clinical decisions without 
knowledge of the Doppler flow velocity measurements. 
Furthermore, all cases of fetal distress were reviewed 
separately by an independent observer. The gestational 
age was calculated by last menstrual period or ultra- 
sonogram, with confirmation of gestational age by the 
Dubowitz® examination performed by a pediatrician. 

Various dependent variables that were analyzed in- 
cluded fetal heart rate tracing, meconium-stained am- 
niotic fluid, oxytocin administration, gestational age, 
sex, and fetal weight at the time of delivery, l- and 5- 
minute Apgar scores, delivery mode, fetal distress 
(persistent late decelerations, fetal bradycardia to 60 
beats/min, or a scalp pH <7.2 that required operative 
delivery), and the need for neonatal resuscitation (in- 
tubation or oxygen by Ambu bag). 

Another of the outcome variables analyzed was ar- 
terial umbilical cord blood gases. Because of the prac- 
tical constraints of running a busy delivery unit only 
198 samples were obtained. Blood gas samples that 
were not analyzed by the laboratory within 15 minutes 
were discarded. Blood samples that had not arrived in 
the laboratory by this time were noted to have pro- 
longed delays in transport and were considered un- 
reliable. This left 135 arterial blood gas samples avail- 
able for analysis. No bias could be detected in those 
cases in which blood was sent for analysis. 

Statistics. Multiple regression analysis was used to 
account for the possible interrelations of several vari- 
ables. However, the results indicate little improvement 
in predictive value when several variables were consid- 
ered simultaneously or individually. Thus the results 
are presented in terms ‘of Pearson product moment 
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Table I. Pearson product moment correlation coefficients between Doppler flow velocimetry, fetal heart 
rate tracings, and various selected outcome variables (n = 273) 





Umbilical PI 





Fetal tracing 1 —0.23* 
Gestational age —0.314 
Fetal weight — 0.46T 
5-minute Apgar score — 0.26F 
Fetal tracing 2 — 0.20} 
Intubation 0.20 
Meconium — 0.04 

*p < 0.001. 

tp < 0.0001. 

tp < 0.01. 


correlation coefficients between pairs of variables. In 
the use of these correlation coefficients it is helpful to 
think in terms of 7°. This product would then express 
the proportion of the variation in the outcome variable 
that can be explained by its relationship with the in- 
dependent variables. 

The Student ¢ test, computed with both pooled and 
separate variances, was used to compare means. In the 
evaluation of fetal distress, the Student ¢ test and the 
Kolmogorov-Smirnov two-sample test were used. The 
latter test was chosen because it evaluates the discrep- 
ancy in the entire distribution of two populations rather 
than focusing solely on the means. Calculations were 
performed on an IBM XT computer with a statistical 
program (Systat, Evanston, Illinois); p < 0.05 was con- 
sidered significant. 


Results 

The population at Kings County Hospital primarily 
comprises low socioeconomic black and Hispanic pa- 
tients. The average maternal age was 25.9 years 
(SD = 6.3, minimum = 15, maximum = 45). A total 
of 16% (44:27 3) of the patients acknowledged smoking 
tobacco and 5% acknowledged taking “street” drugs (12 
took crack, one patient took methadone, one took 
methadone and crack, and one took alcohol and crack). 
The average gestational age was 39 weeks (6.5% < 35 
weeks, 9.1% < 37 weeks). 

There were three patients with an antepartum di- 
agnosis of intrauterine growth retardation (1%), three 
with sickle cell disease (1%), 14 with diabetes (5%), and 
17 with hypertension or preeclampsia (6%). 

Intraobserver correlation was judged to be good 
when 50 tracings were scored by the same observer over 
two separate time periods (n = 50, r= 0.877, 
p < 0.001, coefficient of variation = 10.1%). A similar 
correlation was noted for Doppler flow velocity mea- 
surements taken on 50 patients (n = 50, r = 0.95, 
p < 0.001, coefficient of variation = 9%). 

In addition, a good correlation (r = 0.86, p < 0.0001) 





Umbilical SD ratio Fetal tracing 1 


=0,94* 

— 0.377 0.06 

—0.60F 0.16 

—0.297 0.28+ 

— 0.22} 0.27% 
0.21% —0.22¢ 
0.01 — 0.16 





was noted between the umbilical S/D ratio and the um- 
bilical PI (Fig. 1). In view of this, the S/D ratio will be 
used primarily in this article . However, the umbilical 
S/D ratio was slightly more skewed (skewness = 3.52, 
mean = 2.36 + 0.59, median = 2.22) than was the 
umbilical PI (skewness = 2.69, mean = 0.85 + 0.25, 
median = 0.81). 

As visualized in Fig. 2, a strong negative correlation 
between the umbilical S/D ratio and fetal weight can 
be seen (r = —0.60, p < 0.0001). This remains true 
even when controlling for gestational age with multiple 
regression analysis (multiple r = 0.69; umbilical S/D 
ratio: ¿= —9.8; p < 0.0001; gestational age, ¢ = 7.5; 
p < 0.0001). In addition, a negative correlation could 
be seen for gestational age and umbilical S/D ratios. 
There was no correlation between gestational age, fetal 
weight, and the initial tracing (tracing 1) or the final 
30-minute tracing (tracing 2). 

The initial fetal heart rate tracing and the last 30- 
minute tracing were correlated (r = 0.27, p < 0.001). 
In addition, both tracings were negatively associated 
with the umbilical S/D ratio (r = —0.24, p < 0.001). 

Fetal compromise. Various factors were considered 
in the evaluation of fetal compromise. These included 
5-minute Apgar score, occurrence of fetal distress, fetal 
heart rate tracings | and 2, and arterial umbilical blood 
gas values. Umbilical S/D ratio analysis proved to 
be negatively correlated with 5-minute Apgar scores 
(Table 1). This remained true even when controlling 
for gestational age and fetal weight (multiple regres- 
sion, 0.44; umbilical S/D ratio, £ = 6.3, p < 0.0001; 
fetal weight, ¿= 5.3, p<0.0001; gestational age, 
i= 2.12, p< 0.04). In addition, a higher umbilical 
S/D ratio was associated with fetal distress. This ap- 
proached significance with the two-tailed Student £ test 
(pooled variances, ¢ = 4.22, p < 0.0001; separate var- 
iances, £ = 1.83, p < 0.08) and achieved significance 
with the one-tailed Student ¢ test (p < 0.05). Overall, 
the distribution of the umbilical S/D ratio in fetal dis- 
tress was also significant with the Kolmogorov-Smirnov 
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Table II. Pearson product moment correlation coeficients between Doppler flaw velocimetry, fetal heart 
rate tracings, and umbilical artery blood gases for 135 patients 











Umbilical PI 


pH l -0.03 
Base excess 0:09 
PEO, . — 0.03 
Po, -0.01 
Bicarbonate 0.03 
Oxygen saturation 0.01 

*p < 0.001. 

tp < 0.0001. 

p < 0.01. 
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—0.02 0.23* 


0.02 — 0.30T 
— 0.02 0.02 

0.01 0.09 

0.04 0.174 
— 0.01 0.09 


Table III. Sensitivity, specificity, positive and negat:ve predictive values of an abnormal outcome for fetal 


tracings and umbilical SD ratios 


Fetal tracing (%) Umbilical SD (%) 


Sensitivity 36 
Specificity 88 
Positive predictive value 23 
Negative predictive value “93 


two-sample test (p < 0.05). Finally, low scores on fetal 
heart rate tracing 1 were associated with fetal distress 
and low 5-minute Apgar scores (5-minute Apgar sccres 
were believed to reflect fetal status more than dic. 1- 
minute Apgar scores). 

Umbilical artery cord blood gases showed more vari- 
able results. Low scores on fetal tracing 1 were asso- 
ciated with lower umbilical arterial pH and higher base 
excess (r = 0.23, p < 0.01 and r = —0.30, p < 0.001, 
respectively). PCO,, Pos, and oxygen saturation were not 
correlated with fetal heart rate tracings (Table II). In 
addition, there appeared to be no benefit in examining 
fetal heart rate tracing 2 as opposed to tracing 1 with 
regard to arterial blood gas, fetal distress, and Apgar 
scores because the correlation coefficients were not any 
greater for tracing 2. 

No correlation could be found between umbilical 
S/D ratios and the arterial umbilical cord pH, bicar- 
bonate, base excess, Pos, PCO», or oxygen saturation 
(Table II). In view of this lack of correlation, it was 
decided to look at a smaller group of at-risk pregnan- 
cies. A total of 16 fetuses with an umbilical S/D ratio 
=3 (equivalent to a PI =1.2, both approximately >2 
SD of the mean), and with available umbilical arterial 
cord blood gases were analyzed (26 fetuses had a S/D 
ratio =3). In this high-risk population positive and neg- 
ative correlations could be seen between umbilical S/D 
ratios, base excess and pH (r = 0.86, p < 0.003, and 
r= —0.74, p < 0.05, respectively). No correlation was 
seen for Pco;, POs, oxygen saturation and bicarbonate. 
In this group of patients, low scores on the fetal heart 
rate monitor were associated with increased base excess 


Tracing and SD ratio 


combined (%) 
29 29 
99 98 
30 56 
92 94 


(r = —0.82; p< 0.007). There were no other signifi- 
cant correlations when pH (r = 0.34, p < 0.3), Pco,, 
Pco,, bicarbonate, of oxygen saturation were analyzed. 

The S/D ratios o? the right and left sides of the uterus 
were also analyzed by Pearson correlation coefficients 
and compared with the umbilical S/D ratio, fetal heart 
rate tracings 1 anc 2, resuscitation, fetal distress, fetal 
weight, gestational age, maternal age, Apgar scores, 
and arterial blood gas values. Except for a correlation 
with umbilical S/D ratios no other significant associa- 
tion was found (r = 0.23, p < 0.001). 

The sensitivity, specificity, positive and negative pre- 
dictive valie for fetal heart rate tracing 1, umbilical 
S/D ratio, and both umbilical S/D ratio and fetal heart 
rate tracing are skown in Table III. A fetal heart rate 
tracing <7 and an umbilical S/D ratio =3 (>31 weeks’ 
gestation) were consideréd abnormal. These values 

were chosen because they have been suggested 1 in other 
studies.” Abnormal outcome was defined as fetal dis- 
tress of a 5-minute Apgar score <7. For the population 
of patients with a normal outcome the S/D ratio was 
2.31 + 0.43 for á gestational age =31 weeks and 
3.33 + 1.0 fora gestational age <31 weeks. There were 
39 fetal heart rate tracings that were scored <7. In 231 
cases scores were =7 (in three cases the tracing could 
not be located). There were 26 umbilical artery velo- 
cimetry recordings =3 and 247 recordings that were 
<3. For a gestational age =31 weeks, 7% of the pop- 
ulation had umbilical S/D ratios 23. There were no 
instances in which umbilical diastolic flow was absent. 

For the population with an abnormal outconie the 
S/D ratio was 2.77 + 1.22 for a gestational age =31 
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weeks and 3.16 + 1.19 for those <31 weeks’ gestation. 
The difference between the normal group and the ab- 
normal group approached significance (p = 0.06) for 
a gestational age =31 weeks, with the two-tailed Student 
t test for separate variances. 

The umbilical S/D ratio had a 30% positive predictive 
value for an abnormal outcome, whereas the fetal heart 
rate tracing had a positive predictive value of 23%. The 
sensitivity of the fetal heart rate tracing appeared to be 
slightly better than that of the umbilical S/D ratio (36% 
versus 29%, respectively). When the two modalities 
were combined the positive predictive value increased 
to 56%; however, the sensitivity remained unchanged 
(Table III). 

Adjustment of the umbilical S/D ratio for gestational 
age did not change the sensitivity or the predicative 
value, inasmuch as only two fetuses <31 weeks’ ges- 
tation had normal $/D ratios >3—-one with fetal dis- 
tress, the other with a normal outcome. 


Comment 


There are three major angle independent indices 
that evaluate the flow velocity waveform—PI, resis- 
tance index, and S/D ratio. The PI and S/D ratio 
were strongly correlated in this report (r = 0.86, 
p < 0.0001). This finding confirms earlier work by 
Thompson’ and others. It appears that the exact cor- 
relation depends on the manner in which the PI is 
calculated. In a study by Gilbert et al., a correlation 
coefficient of 0.95 was noted when the PI was calculated 
by a manual pen method, but only a correlation of 0.68 
when an automated method was used. 

As can be seen in this study and in others,*° there 
was a strong correlation between fetal weight and flow 
velocimetry. Several studies have suggested that flow 
velocimetry may be useful in the diagnosis of intra- 
uterine growth retardation." ”'%"! 

Other investigators have attempted to compare flow 
velocimetry and the ultrasonographic estimation of 
fetal weight.’ Whereas there is a good correlation be- 
tween fetal weight and flow velocimetry (r = —0.6, 
p < 0.0001), it would be erroneous to suggest that 
flow velocity waveform measurements are designed 
to estimate fetal weight. Morphometric measure- 
ments derived ultrasonographically should not be com- 
pared with measurements obtained by velocimetry.” 
Flow velocimetry will, however, identify the small-for- 
gestational-age fetus at increased risk.®'"™ 

Biochemical data also was previously used to identify 
the fetus at risk. That data was obtained with a trans- 
abdominal technique to obtain amniotic fluid during 
amniocentesis or by cordocentesis to obtain fetal blood 
during the antepartum period.’* ’ Ours is the only 
study that has sought to compare the role of vascular 
impedance in the umbilical circulation during labor 
with biochemical data. Increased umbilical S/D ratios, 
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Fig. 3. Relationship between umbilical S/D ratio (UMBSD) and 
various indications (IND) for delivery. (FTP = Failure to prog- 
ress, CPD = cephalopelvic disproportion, VAR D. = variable 
deceleration, LATE DEC. = late deceleration.) 


a reflection of decreased umbilical blood flow, was not 
significantly correlated with arterial cord blood gas val- 
ues when a group of 135 laboring patients who had 
cord blood gas measurements available were analyzed. 
However, when a small subset of high-risk fetuses with 
umbilical §/D ratios =3 (which corresponded to a PI 
of =1.2) were considered independently, a significant 
correlation could be seen. Umbilical S/D ratios (and PI) 
were negatively associated with pH and positively as- 
sociated with base excess (r = —0.74, p< 0.05 and 
r = 0.84, p < 0.003, respectively). The fetus with in- 
creased placental impedance demonstrated an in- 
creased risk for acidosis and probably for excessive lac- 
tic acid accumulation. It is not surprising that in a large 
normal population with the additional stress of labor 
any relation between biochemical indices and mea- 
surements of blood flow velocity would be obscured. 
This was not the case when considering a small high- 
risk population. In addition, there may have been a 
tendency to administer oxygen to laboring patients who 
showed signs of fetal compromise. Oxygen treatment 
may have altered flow velocimetry and umbilical artery 
cord blood gases.'* However, inasmuch as a significant 
relationship was present between the fetal tracing and 
the flow velocity measurements that were recorded si- 
multaneously in the larger cohort, it may indicate that 
a correlation does exist between placental impedance 
and fetal oxygenation. In a report by Ferrazzi et al. a 
significant correlation was found between the umbilical 
Pl and pH, Pco,, and lactate levels from umbilical cord 
blood obtained by cordocentesis and after elective ce- 
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sarean section in a small high-risk population. It is also 
interesting that they found a strong association between 
lactate concentration and PI when measurements > 1.5 
were reached. Above this value lactate concentration 
appeared to increase sharply. A critical level of blood 
flow reduction has been also shown to cause fetal hyp- 
oxia and acidosis in the sheep model (unpublished ob- 
servation). Other data that have been presented by 
Soothill” also found an association between venous um- 
bilical blood gas values obtained through cordocentesis 
and blood flow velocity measurements. All of these 
correlations have been noted in a select high-risk 
population. 

In addition to biochemical data, pregnancies with 
increased placental impedance had lower 5-minute Ap- 
gar scores, fetal distress occurred (Fig. 3), and intu- 
bation was required more often, independent of ges- 
tational age. The fetal heart rate tracing was also sig- 
nificantly correlated with these outcomes and appeared 
to be more closely associated with arterial blood gzses 
than was Doppler flow velocimetry. It is understandable 
that fetal distress would be better correlated with fetal 
heart rate tracings than with flow velocimetry because 
tracings were used in the diagnosis of fetal distress and 
in the management of all patients. 

A comparison of the initial fetal tracing and Doppler 
velocimetry is revealed in Table III. Sensitivity, speci- 
ficity, and positive and negative predictive values were 
comparable for the two modalities. When both mod- 
alities were used in conjunction, however, the pos- 
itive predictive value increased to 56% and specifi- 
city increased to 98%. Therefore it appears zhat 
decreased flow velocity measurements may provide ad- 
ditional information in the identification of the high- 
risk fetus. 

In summary, it appears that Doppler flow velocimetry 
is as sensitive as the NST in the identification of the 
fetus at risk for a poor perinatal outcome. However, it 
should be acknowledged that the sensitivity in this non- 
selected population was generally low, as were the ma- 
jority of the correlation coefficients. Thus, it would be 
unwise to make firm recommendations concerning the 
benefits of Doppler velocimetry compared to the NST 
in labor without further study. Each of these modalities, 
though, have their own unique benefits and may be 
used concurrently in the laboring patient. The patient 
with abnormal NST results and an abnormal umbilical 
S/D ratio appears to be at greatest risk for a poor out- 
come. In addition, in a high-risk population of growth 
retarded infants the umbilical $/D ratio appears to be 
well correlated with umbilical cord pH and base excess. 
However, the fetal heart rate tracing reflects the dy- 
namic changes that can occur during labor and is better 
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correlated with umbilical arterial blood gas values at 
delivery in a group of low-risk patients. 
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The effect of magnesium sulfate tocolysis on the fetal 


biophysical profile 


Alan M. Peaceman, MD, Bruce A. Meyer, MD, James A. Thorp, MD, 


Valerie M. Parisi, MD, MPH, and Robert K. Creasy, MD 


Houston, Texas 


The biophysical profile nas proved to be a valuable tool for the assessment of fetal well-being, 
independent of gestational age. Magnesium sulfate is commonly used as a tocolytic agent, yet relatively 
little is known about its effects on the biophysical activities of the fetus. To investigate the effects of 
magnesium sulfate on the biophysical profile, we performed serial studies on patients who received 
tocolytic therapy with this agent because of preterm labor. A total of 16 women with 22 fetuses at 26 to 34 
weeks’ gestation in spontaneous preterm labor were studied. An initial biophysical profile was performed at 
the time of admission, and a second examination was performed when maternal serum magnesium levels 
reached 6 to 8 mg/dl. On admission all fetuses had reactive nonstress test results and 21 of 22 (95%) 
demonstrated sustained fetal breathing movements. With magnesium sulfate tocolysis, 50% of fetuses had 
nonreactive nonstress test results, and only 4 of 22 (18%) demonstrated sustained fetal breathing 
movements. Fetal tone, gross body movements, and amniotic fluid volume were found to be unaffected by 
magnesium sulfate tocolysis. (AM J Opstet GYNECOL 1989;161:771-4.) 


Key words: Magnesium sulfate, preterm labor, biophysical profile 


The biophysical profile is a valuable tool in the as- 
sessment of fetal well-being.” ? Fetal tone, movements, 
reactivity, and breathing reflect acute central nervous 
system function. Amniotic fluid volume is a marker for 
fetal urine production, which may be diminished with 
chronic intrauterine compromise.’ This test has proven 
validity in fetal assessment throughout the third 
trimester‘ and in twin gestations.’ The five biophysical 
parameters involved can be influenced by other factors 
in addition to fetal distress. These include premature 
rupture of the membranes, normal sleep-wake cycles,* 
infection, and pharmacologic intervention.’ Interpre- 
tation of the biophysical profile results should take 
these other factors into account. 

Magnesium sulfate is a commonly used agent for 
tocolysis in the management of pretern labor. It can 
cause maternal lethargy and depression of deep tendon 
reflexes when administered in doses often used for to- 
colysis.” Magnesium readily crosses the placenta, and 
fetal blood magnesium levels correlate well with ma- 
ternal levels. The higher doses of magnesium sulfate 
used for tocolysis may cause central nervous system 
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depression in the fetus as well and thereby alter the 
biophysical profile. The purpose of this prospective 
study was to assess the effect of magnesium sulfate, in 
doses used to arrest preterm labor, on the parameters 
of the biophysical profile. 


Material and methods 


All women who were seen at the Hermann Hospital 
labor and delivery suite at 26 to 34 weeks’ gestation 
with an initial episode of spontaneous preterm labor, 
as evidenced by regular uterine contractions and doc- 
umented cervical change, were eligible for participa- 
tion. Patients who had underlying hypertension or di- 
abetes were excluded from this study. Other exclusion 
criteria included cervical dilation >4 cm, treatment in 
the preceding week with any tocolytic agent or sedative, 
and the presence of any significant abnormalities of the 
fetal heart rate tracing on admission (as judged by the 
managing physician}. A total of 16 patients were re- 
cruited for the study, six of whom were carrying twin 
gestations. An initial biophysical profile was performed 
by the chief resident or attending physician before the 
initiation of tocolytic therapy. Fetal nonstress tests 
(NSTs) were evaluated from heart rate monitoring in 
the hour preceding the initial ultrasonographic ex- 
amination. This recording was obtained with the pa- 
tient in the semi-Fowler position with Doppler ultra- 
sonography to record the fetal heart rate (Hewlett- 
Packard 8040A Cardiotocograph, Palo Alto, Calif.). 
The NST was considered reactive if, in any 20-minute 
period, there were two or more heart rate accelerations 
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Table I. Fetal biophysical profile 


Reactive nonstress test 
At least two episodes of fetal heart rate acceleration 
>15 beats/min and =15 seconds’ duration associ- 
ated with fetal movement in 20 minutes 


Fetal breathing movements 
At least one episode of sustained fetal breathing move- 
ments 230 seconds’ duration in 30 minutes of ob- 
servation 


Fetal tone 
At least one episode of active extension with return to 
flexion of fetal limbs or trunk in 30 minutes of ob- 
servation 


Fetal movement 
At least three discrete limb or body movements in 3G 
minutes of observation 


Amniotic fluid volume 
At least one pocket of amniotic fluid that measured 
3 cm in two perpendicular planes 


Two points were awarded for each parameter when the 
above criteria were fulfilled. No points were given if the cri- 
teria were not met. 


Modified from Manning et al. Fetal assessment based on 
fetal biophysical profile scoring: experience in 12,620 referred 
high-risk pregnancies. I. Perinatal mortality by frequency and 
etiology. AM J OBSTET GYNECOL 1985;151:345. 


215 beats/min that lasted =15 seconds and that were 
associated with fetal movement. The test was consid- 
ered nonreactive if no 20-minute interval of the 60- 
minute observation period contained two or more ac- 
celerations with fetal movements. Linear array real- 
time ultrasonographic scanning was performed with a 
3.5 mHz transducer (General Electric RT 2800, Mil- 
waukee, Wisc.). Fetal movements, tone, breathing 
movements, and amniotic fluid volume were assessed. 
Each parameter was assigned either 0 points or 2 points 
on the basis of a protocol modified from Manning 
et al.’ (Table I). Two points were awarded for (1) re- 
active NST results, (2) an amniotic fluid pocket that 
measured =3.0 cm in two perpendicular planes, (3) at 
least three discrete body or limb movements, (4) at least 
one episode of limb or trunk extension with return to 
flexion, and (5) at least one episode of sustained fetal 
breathing >30 seconds. A total of 30 minutes of real- 
time ultrasonographic scanning was allowed for the 
evaluation of these parameters. The results of this ini- 
tial biophysical profile were then recorded, in addition 
to maternal age, gestational age, and cervical dilation 
data. 

After completion of the initial biophysical profile, the 
fetuses were continuously monitored, and each patient 
was administered an intravenous loading dose of mag- 
nesium sulfate. This preceded continuous intravenous 
infusion of a more concentrated solution. A total of 10 
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gm of magnesium sulfate (American Reagent Labo- 
ratories, Shirley, N.Y.) was diluted in 250 ml of 5% 
dextrose, which resulted in a 4% solution. A. loading 
dose of 4 to 6 gm was then infused through an IMED 
960 volumetric infusion pump (IMED Corporation, 
San Diego, Calif.) over 20 to 30 minutes. For continuous 
infusion, an 8% solution of magnesium sulfate in 5% 
dextrose was administered at 1.5 to 3.5 gm/hr. The 
doses used for loading and continuous infusion were 
determined by the attending physician to attain ma- 
ternal serum magnesium concentrations in the thera- 
peutic range of 6 to 8 mg/dl (5.0 to 6.7 mEq/l). Serum 
magnesium levels were measured every 4 to 6 hours, 
and the infusion rate was adjusted until the serum level 
was in the desired range. After a therapeutic level was 
documented, a repeat biophysical profile was per- 
formed and the results were recorded. The 60-minute 
interval after the magnesium level reached the thera- 
peutic range was used for evaluation of fetal heart rate 
reactivity. Fetal heart rate baselines from the two NST 
recordings were also compared. All data are expressed 
as the mean + 1 SD. Statistical analysis was performed 
by the Wilcoxon signed rank test and the McNemar 
exact test for correlated proportions. A paired Student 
t test was used for evaluation of fetal heart'rate baseline 
changes. A p value of 0.05 was chosen to represent 
statistical significance. This study was approved by the 
institutional review board of the University of Texas 
Medical School at Houston. 


Results 


The mean maternal age was 23.4 + 4.5 years, with 
mean gestational age 30.7 + 2.2 weeks. Mean cervical 
dilation on initiation of tocolysis was 2.8 + 1.5 cm. 
None of the study participants was delivered of infants 
before the second biophysical profile, and there were 
no maternal complications of therapy. The mean serum 
magnesium level at the time of the second biophysical 
profile was 6.6 + 0.6 mg/dl, and the mean length of 
time between the two examinations was 14.1 + 5.4 
hours. Examination of the cardiotocograph recordings 
at the time of the second biophysical profile revealed 
that preterm labor had been arrested in all cases and 
that there were no instances of suspected fetal distress. 
The results of the biophysical tests are displayed in Fig. 
1. All 22 fetuses were found to have reactive fetal heart 
rate patterns on admission, but only 1] of 22 (50%) 
were found to be reactive during therapeutic magne- 
sium tocolysis (p < 0.001). All but one fetus demon- 
strated sustained breathing movements at the time of 
the initial biophysical profile. After a therapeutic 
magnesium level was achieved, however, only four 
fetuses demonstrated sustained breathing movements 
(p < 0.0001). All fetuses demonstrated normal tone, 
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Fig. 1. Fetal biophysical profile results before and during magnesium sulfate tocolysis. Percentages 
of patients who fulfill criteria for each parameter of biophysical profile before and during therapy 
are compared (*p < 0.001, **p < 0.0001). NST, Nonstress test, FBM, fetal breathing movements, 
TONE, fetal tone, MOVE, fetal movement, AFV, amniotic fluid volume. 


cations have been seen with the use of this agent, but 
they are relatively infrequent when magnesium sulfate 
is administered by controlled infusion systems and the 
appropriate safeguards of monitoring urine output and 


gross movements, arid amniotic fluid volume at both 
the initial-and follow-up biopliysical profile examina- 
tions. Magnesium sulfate tocolysis resulted in a statis- 
tically significant decrease in overall biophysical profile 


scores (p = 0.0002), with a decrease of 2 or 4 points 
obsérved in 18 of 22 fetuses. 

Examination, of baseline fetal heart rates revealed a 
decrease =10 beats/min in 16 of 22 (73%) fetuses. The 
mean baseline fetal heart rate during the first bio- 
physical profile was 144 beats/min and decreased to 
131 beats/min at the time of the second biophys- 
ical profile. This decrease was statistically significant 
(p < 0.0001).. 


Comment 

The biophysical profile has been shown to be a valu- 
able tool for the assessment of the well-being of the 
fetus.” The test results reflect central nervous system 
function, and are independent of gestational age aiid 
fetal number.*® Biophysical parameters can be altered 
by hypoxemia, drugs, rupture of the membranes, in- 
fection, and periodic rest cycles.*\* Most clinical pro- 
tocols for tocolysis of preterm labor involve some form 
of monitoring of fetal well-being. The biophysical pro- 
file may be a useful tool in this setting, but the effects 
of pharmacologic intervention on this test must be 
taken into account before interpretation of the test re- 
sults aré used clinically. 

Magnesium sulfate first achieved widespread use in 
obstetrics for the prevention of eclamptic seizures be- 
cause of both its efficacy and safety.” Maternal compli- 


deep tendon reflexes are observed. Respiratory paral- 
ysis and general anesthesia can occur at serum levels 
of 18 mg/dl, but are easily reversed with calcium glu- 
conate.'® Although clinical neurologic depression has 
been reported in neonates of women treated with mag- 
nesium sulfate because of preeclampsia," most reports 
fail to identify any adverse effect on Apgar scores,'? 
neonatal mortality rate," or neonatal neurologic as- 
sessment examinations." In a study of the sheep fetus, 
Bolan et al." found that magnesium readily crossed the 
placenta but caused no alteration in baseline heart rate, 
hemodynamic parameters, or arterial blood gas param- 
eters: Evaluation of the effects of magnesium sulfate 
on the hiiman fetus to this point have included obser- 
vations of changes in heart rate variability and baseline. 
In a study of patients with. preeclampsia, Stallworth 
et al.' failed to demonstrate any significant change in 
fetal heart rate variability in the first 75 minutes of 
therapy, whereas Zuspan,”® Lin et al., and Babaknia 
and Niebyl” all observed some decrease in fetal heart 
rate variability without evidence of compromise in the 
infant after delivery. Mean maternal and neonatal mag- 
nesium levels obtained in the above studies ranged 
from 3.6 to 5.7 mg/dl. The therapeutic range of mag- 
nesium in the prevention of eclamptic seizures has been 
reported to be 4.2 to 7.2 mg/dl.'* 

When magnesium sulfate is used as a tocolytic agent, 
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higher doses than are normally used in protocols for 
eclamptic seizure prophylaxis are often required to ar- 
rest preterm labor. Elliott” suggested that a maternal 
serum magnesium level of 5.5 to 7.5 mg/dl is necessary 
to inhibit uterine contractions. Only two studies have 
investigated the effects of magnesium sulfate therapy 
on the human fetus in patients treated because of pre- 
term labor. Thiagarajah et al.” found a decrease in 
baseline fetal heart rate, whereas Brar et al.” did not 
observe such change. Neither of these studies evaluated 
parameters of the biophysical profile. Because mag- 
nesium passes readily to the fetus and fetal levels cor- 
relate with maternal levels, the use of magnesium sul- 
fate for tocolysis. may have more pronounced effects 
on 'the fetus than those seen with its use in seizure 
prophylaxis. Magnesium. sulfate therapy for tocolysis i is 
usually discontinued long before the birth of the infant. 
Because of placental transfer and rapid maternal ex- 
cretion, neonatal magnesium levels may not be signif- 
icantly elevated if maternal administration has been 
discontinued. Thus when magnesium sulfate is used as 
a tocolytic agent, evaluation of the newborn may not 
reflect the drug’s effects on the fetus. Therefore, tests 
that directly assess the fetus are necessary for the eval- 
uation of intrauterine effects ‘of this therapy. To our 
knowledge, no previous studies. have evaluated the ef- 
fects of magnesium sulfate tocolysis on the biophysical 
profile. ‘ 

It has been reported that breathing movements may 
be absent from fetuses during term” and preterm™ 
labor. This finding was not observed in our study, as 
all but one fetus demonstrated breathing movements 
on admission. The diagnosis of preterm labor followed 
strict criteria of both regular uterine contractions and 
documented cervical change. Because arrest of preterm 
labor had occurred at the time of all follow-up exam- 
inations, yet breathing movements were not observed 
in most fetuses at that time, we must conclude that 
the significant reduction of fetal breathing movements 
seen is a pharmacologic effect rather than a result 
of labor. l 

We conclude that magnesium sulfate tocolysis (1) re- 
sults in nonreactive nonstress test results and cessation 
of fetal breathing movements in a significant propor- 
tion of fetuses; (2) has no significant effect on fetal tone, 
gross body movements or amniotic fluid volume as as- 
sessed by the biophysical profile during our period of 
observation; (3) results in a decrease in baseline fetal 
heart rate in a significant number of fetuses; and (4) 
significantly reduces the overall biophysical profile 
score in the majority of fetuses. Most likely these 
changes do not reflect compromise of fetal well-being 
but rather central nervous system depression ona phar- 
macologic basis. These effects should be taken into ac- 
count when the biophysical profile is used to assess fetal 
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well-being in a patient who receives magnesium sulfate 
in high doses for tocolysis. _ 
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Controlled trial of hydration and bed rest versus bed rest alone 
in the evaluation of preterm uterine contractions 


Richard A. Pircon, MD, Howard T. Strassner, MD, Donna S. Kirz, MD, and 


Craig V. Towers, MD 
Orange and Long Beach, California, and Chicago, Illinois 


Patients who are seen with uterine contractions but without documented change in cervical dilation or 
effacement are often treated with intravenous hydration before the initiation of intravenous toco! ytic 
therapy. This is done with the intention of stopping uterine activity in patients with false preterm labor. A. 
prospective randomized study was conducted to evaluate the effect of hydration on preterm uterine 
contractions in patients without proved preterm labor, A total of 28 patients were treated with bed rest and 
an intravenous ‘bolus and subsequent continuous infusion of 5% dextrose in lactated Ringer's solution. A 
control group of 20 patients were treated with bed rest alone. Uterine activity and arrest of uterine 
contractions were compared between the two groups. Contractions stopped in 54% of the patients treated 
with hydration, whereas contractions stopped in 40% of the patients in the control group. This difference 
was not statistically significant. As a crossover study, those in the control group with contractions that 
continued after the initial observation period were subsequently treated with intravenous fluids. Only one 
patient in this group stopped contracting. Of all patients whose contractions stopped with either therapy, 
18% eventually were delivered of preterm infants. This included 20% of the hydration group and 14% of 
the control group. The use of hydration as a pretherapy indicator to differentiate true preterm labor from 
false preterm labor could not be supported by this study. In addition, patients whose contractions stopped 
with either hydration or bed rest are at increased risk of subsequent preterm delivery. (Am J OBSTET 


GYNECOL 1989;161:775-9.) 


Key words: Premature labor, premature contractions, tocolysis 


Preterm delivery is a problem that affects approxi- 
mately 8% of the obstetric population and is responsible 
for 75% of perinatal mortality,’ thus there has been a 
great deal of interest in the development and use of 
effective tocolytic agents. Although early intervention 
is desired to prevent preterm delivery, the use of these 
agents should be limited to patients with true preterm 
labor (i.e., patients with uterine contractions that result 
in progressive cervical dilation and effacement). Many 
patients are first seen with uterine contr actions and 
after observation do not demonstrate cervical change. 
Therefore it is difficult, based on the presence of con- 
tractions alone, to differentiate true preterm labor 
from frequent preterm (Braxton Hicks) contractions. 

Various clinical parameters have been used to help 
separate these two groups. Some have used the char- 
acter and frequency of uterine contractions to differ- 
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entiate true labor from false labor. Perhaps the most 
commonly used method to distinguish true labor from 
false preterm labor is the response to hydration and 
bed rest. Although this practice is thought to be effec- 
tive; no one has studied its.usefulness in a prospective 
randomized fashion. Because of this we prospectively 
sought to determine the effect of hydration on the ar- 
rest of preterm uterine contractions in patients seen 
for evaluation of preterm labor. These patients were 
compared to a control group that received only bed 
rest and observation. 


Material. and methods ` 


Patients seen with preterm uterine contractions at the 
labor and delivery unit at Rush Presbyterian—St. Lukes 
Medical Center were evaluated for enrollment in the 
study. Only those with a singleton pregnaricy between 
20 to 36 weeks’ gestation and no identifiable cause of 
preterm contractions were included. On initial evalu- 
ation, patients who met criteria for true preterm labor 
as outlined by Creasy et al.” were excluded and treated 
with a tocolytic agent. Therefore only those patients 
who were <2 cm dilated, <80% effaced, and had intact 
amniotic membranes were considered for further 
study. 

All patients who fulfilled these criteria were then con- 
tinuously monitored for uterine activity and fetal heart 
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Fig. 1. Study protocol. 


tories. Any patient with evidence of fetal distress was 
excluded from the study and treated in an appropriate 
fashion: At the end of 30 minutes uterine contractions 
were quantitated. Patients with uterine contract:oris 
more frequent than every 10 minutes or three con- 
tractions in 30 minutes were eligible for the study 
(Fig. 1). 

These patients were randomly treated with hydration 
and bed rest or with bed rést only (control group). 
Allocation of patients to study groups was based on the 
day they were examined. Those treated with hydration 

_weré given an intravenous bolus of 500 ml of 5% dex- 
trose in lactated Ringer’s solution, and then 200 ml/hr 
continuous infusion. Patients in the control group were 
given ice chips only, and this was restricted to <20) ml 
total oral intake. 

Both groups were then observed for 2 hours All 
patients were placed in the left lateral position during 
observation. Fetal heart tones and uterine contractions 
were continuously monitored. Sterile vaginal exami- 


nations were repeated after 1 hour of observation. If 
cervical charige was noted by the same examiner, the 
patient was considered to be in preterm labor, removed 
from the study, and treated with intravenous tocolytic 
agents. After the 2-hour study period, uterine con- 
tractions were quantitated, and the patient was again 
examined. As before, those with cervical change were 
treated with intravenous tocolytic agents. After the 2 
hours of observation the study was concluded for all 
patients who received hydration and those whose con- 
tractions stopped with bed rest. Patients in the hydra- 
tion group without cervical change but with persistent 
contractions were treated on an individual basis by their 
attending physician. Patients whose contractions abated 
were discharged home. Each patient’s disposition was 
recorded and outcome of therapy was noted. 

Study participants who were treated with bed rest 
alone and who continued to contract after the initial 2- 
hour study period were then treated with intravenous 
hydration. The patients were given a 500 ml bolus of 
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5% dextrose in lactated Ringer’s solution and then 200 
ml/hr continuous infusion. These patients were ob- 
served for an additional 2 hours. The outcome of this 
additional therapy in this group of patients was re- 
corded. Patients who continuted to contract were 
treated individually by their attending physician. 

The charts of all study participants were reviewed 
after they were delivered of infants. Subsequent re- 
turns to the hospital and admissions because of preterm 
contractions were recorded. The difference between 
the hydration group and the control group in the abate- 
ment of uterine contractions were statistically evaluted 
by x’ with Yates correction. The two study populations 
were evaluated with regard to differences in age, gra- 
vidity, parity, previous preterm deliveries, estimated 
gestational age, uterine contraction frequency and du- 
ration, and cervical status when first seen. This com- 
parison was done with the Mann-Whitney U test. For 
those patients whose contractions stopped during the 
study period, we reviewed any subsequent admissions 
because of preterm labor and compared these differ- 
ences. 


Results 


A total of 48 patients were enrolled in the study; 28 
were treated with hydration and 20 were treated with 
bed rest only. During the observation period, five pa- 
tients had cervical change; two were in the control 
group and three were in the hydration group. No pa- 
tient had evidence of fetal distress during the obser- 
vation period. 

There was no significant difference between groups 
with respect to age, gravidity, parity, previous preterm 
deliveries, or estimated gestational age when first seen. 
In addition, there was no difference between groups 
with regard to cervical dilation, effacement, station, and 
uterine contraction frequency and duration when first 
seen. 

Of the 28 patients who received hydration, 15 
(53.6%) stopped contracting during the observation pe- 
riod, whereas 7 (35%) of the 20 contro] patients stopped 
contracting. By x’ analysis, there was no significant dif- 
ference between the two therapies of the abatement of 
preterm uterine contractions (p = 0.33). 

Of the 13 patients in the control group who did not 
stop contracting during the study period, 12 were then 
treated with intravenous hydration. Only one patient 
stopped contracting with hydration; the other 11 re- 
quired use of a tocolytic agent. One patient was not 
treated with hydration as per protocol. She was treated 
with further observation and no additional therapies 
and contractions stopped with this management. 

There were three patients who were seen at the hos- 
pital more than once with preterm contractions without 
cervical dilation or effacement and an intact amniotic 
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membrane. They were placed in different study groups 
on each visit. Both hydration and bed rest were effective 
in stopping contractions in two of the patients. The 
third patient did not stop contracting during the ob- 
servation period with either treatment regimen. When 
she was first seen she was randomized to the control 
group. During that admission the contractions became 
less frequent during the 2-hour observation period. 
This is the patient who was not subsequently treated 
according to protocol, but was observed further with- 
out additional therapy. The contractions eventually 
stopped, and she was discharged. On a subsequent ad- 
mission the same patient was randomized to the hy- 
dration group and again continued to contract after 
the 2-hour study period. She was then treated with a 
B-sympathomimetic tocolytic agent with subsequent 
tocolysis. 

Of the 22 patients who stopped contracting during 
the initial study period, seven were seen again with 
uterine contractions before 36 completed weeks’ ges- 
tation. Two of these patients were originally treated 
with bed rest alone. Five were treated with hydration 
and bed rest. This difference was not significant. As 
previously noted, three of these patients were reen- 
rolled in the study. The other four patients had cervical 
dilation or effacement and could not be reenrolled. 

Seventeen (35%) of the patients were delivered of 
preterm infants. Of these, six were in the control group 
and 1] were in the hydration group. The difference 


. was not statistically significant. Of the 22 patients who 


stopped contracting during the study period, four 
(18%) eventually were delivered of preterm infants. 
This included three (20%) of the 15 patients in the 
hydration group and one (14%) of the seven patients 
in the control group. Of those who did not stop con- 
tracting during the study period, 13 patients (50%) 
were delivered of preterm infants. Eight of these pa- 
tients were in the study group and five were in the 
control group. These differences were also not signif- 
icant. 


Comment 


Preterm labor is defined as the onset of uterine con- 
tractions with resultant dilation and effacement of the 
cervix >20 and <37 weeks’ gestation. Without change 
in the dilation or effacement of the cervix it is difficult 
to decide whether a patient is having true labor or 
preterm uterine irritability. This clinical problem is ev- 
ident by the various definitions of preterm labor used 
by investigators who study various tocolytic agents. All 
agree that the patient must have regular painful uterine 
contractions. Some insist on documented cervical di- 
lation or effacement.* * In our study, we found this 
accounted for only 10% of those patients first seen with 
persistent painful uterine contractions. Other investi- 
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gators only require uterine contractions to be of a cer- 
tain frequency. Beall et al.’ in their study that compared 
ritodrine, terbutaline, and magnesium sulfate required 
contractions to be more frequent than every 10 min- 
uies. Elliott, while studying magnesium sulfate, re- 
quired a uterine contraction frequency twice that of 
Beall’s criteria. Neither study required documented 
cervical change or minimal cervical dilation or efface- 
ment before entry into their studies. 

Creasy et al.* used cervical status along with uterine 
contraction frequency as an indicator of preterm lakor. 
For the diagnosis he required documented cervical 
change in those patients with intact membranes and a 
cervix <2 cm dilated or <80% effaced. However, pa- 
tients contracting with ruptured membranes or a cervix 
>80% effaced or 2 cm dilated are considered to be in 
preterm labor. With the use of these criteria, one limits 
the use of tocolytic agents to patients with contractions 
who show the true sign of labor—cervical change. 
However, use of these criteria does not delay the use 
of tocolytic agents in patients first seen with an abror- 
mally dilated or effaced cervix. For these reasons, we 
have adopted these criteria at our institution. 

A problem, however, arises in patients who are reg- 
ularly contracting without evidence of cervical change. 
Castle and Turnbull’ have advocated the use of ultra- 
sonography to demonstrate the presence or absencz of 
fetal breathing movements. They found that the pres- 
ence of fetal breathing predicted patients whose con- 
tractions would spontaneously subside. Others have not 
found this technique to be helpful.* 

Ingermarsson® used sedation and bed rest in an ef- 
fort to discriminate true preterm labor from preterm 
uterine irritability. The patients were given 10 mg of 
valium intramuscularly and were observed for akate- 
ment of the uterine contractions. Cotton et al.'° hy- 
drated patients by giving 1 L of 5% dextrose in lactated 
Ringer’s solution. Valenzuela'' used a combination of 
hydration and 8 to 12 mg of intramuscular morphine 
sulfate. Although many of these regimens are now com- 
monly used, no one has studied their effects in a pro- 
spective randomized fashion. 

The tocolytic effect of hydration is attributed to in- 
hibition of antidiuretic hormone through the Henry- 
Gauer reflex.” This reflex, however, has only been de- 
‘scribed in dogs. Goodlin et al." studied plasma volumes 
in patients with preterm labor. They found patients with 
preterm labor were hypovolemic and their plasma vol- 
umes were =45 ml/kg below normal. They also found 
significant delays in delivery in patients with preterm 


` d 
contractions whose plasma volumes were expanded 


with albumin. They noted that B-sympathomimetics, 

tranquilizers, and bed rest expanded plasma volume. 
We studied the effect of hydration and bed rest ver- 

sus bed rest alone in the abatement of preterm uterine 
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contractions. Of patients in the control group, 40% 
stopped contracting with observation alone (seven dur- 
ing the 2-hour observation period and one who was 
treated with continued observation beyond the com- 
pletion of the study), whereas 54% of the study partic- 
ipants who received hydration stopped contracting. 
The difference did not reach statistical significance. Al- 
though there is a trend, the efficacy of hydration in the 
differentiation of true labor from false labor is doubted 
further when patients who did not stop contracting 
after treatment with bed rest alone are followed up. All 
except one of these patients were subsequently treated 
with hydration. Only one patient stopped contracting, 
whereas the other 10 patients had persistent uterine 
activity. Furthermore, no difference was seen between 
therapies in patients who were seen more than once 
and who were treated with different therapies with each 
visit. 

One other study that evaluated the efficacy of treat- 
ing threatened preterm labor is that of Valenzuela 
et al. As previously noted, they used hydration in com- 
bination with sedation. This was a prospective study; 
however, it was not randomized with a control group. 
They found that 55% of the patients responded to this 
therapy. This was similar to our data in which 54% 
responded to hydration and 40% responded to bed rest 
alone. 

The data of Valenzuela et al.’ is similar to ours with 
regard to preterm delivery rates. Their study revealed 
an overall preterm delivery rate of 26% with a 15% 
rate in patients who stopped contracting with hydration 
and sedation. Our study had an overall preterm deliv- 
ery rate of 35%. Of the patients who stopped contract- 
ing during the study period, 14% of the control group 
and 20% of the hydration group were delivered of 
preterm infants. Finally, of those who did not stop con- 
tracting during the study period, 50% of our patients 
were delivered of preterm infants, as compared to 37% 
in the study of Valenzuela et al.’ 

The benefit of hydration was not demonstrated by 
this study. The potential risks, however, have been doc- 
umented in previous articles. Of those who continue to 
contract and are subsequently treated with intrave- 
nous tocolytic agents, the risk of pulmonary edema 
is increased by the use of large amounts of fluid. 
This has been demonstrated with use of both B- 
sympathomimetics and magnesium sulfate.* ' The use 
of sedatives such as valium or morphine sulfate in the 
treatment of patients who could potentially be deliv- 
ered of preterm infants is also questioned. The de- 


_ pressive effects of these drugs on the preterm neonate 


can be seen at delivery and up to 2 to 4 days after their 
use. Therefore we cannot advocate the use of either 
hydration or other agents until their benefit can be 
proved through prospective randomized studies. 
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Fetal heart rate patterns in the small-for-gestational-age 


human fetus 


Robert Gagnon, MD, Cora Hunse, RN, and Alan D. Bocking, MD 


London, Ontario, Canada 


A total of 24 pregnant women with growth-retarded fetuses were studied to examine the distribution of fetal 
heart rate accelerations between 30 and 40 weeks’ gestation, as compared with those of fetuses of norma! 
growth that were matched for gestational age and length of fetal heart rate tracings. Growth-retarded 
fetuses had significantly lower Po, levels in the umbilical artery at birth (3 mm Hg less) than did healthy 
fetuses (p < 0.05), but without metabolic acidosis. There was a larger proportion of small amplitude (<10 
beats/min) and a smaller proportion of large amplitude (>20 beats/min) fetal heart rate accelerations in 
the small-for-gestational-age fetuses than in the fetuses of normal growth. Although the number of 
accelerations was significantly reduced (50% less) in growth-retarded fetuses compared with healthy 
fetuses, there was no significant difference in the mean basal fetal heart rate and the mean number of 
decelerations between the two groups. Currently used definition of an acceleration as 215 beats/min for 
215 seconds was applicable only in fetuses of normal growth. We hypothesized that a decrease in 
absolute acceleration frequency might be a useful index to detect the chronically hypoxemic fetus before 
severe metabolic acidosis and irreversible damage occurred. (AM J Osster GYNECOL 1989;161:779-84.) 


Key words: Nonstress tests, intrauterine growth retardation, computerized fetal heart 
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The association between the presence of fetal heart 
rate (FHR) accelerations and fetal health! has led to 
the development and clinical use of antepartum FHR 
tests.” Currently used criteria for nonstress tests (NST) 
are based on the detection of FHR accelerations above 
the baseline of a predefined amplitude and duration.” 
To provide a better understanding of antepartum FHR 
tests in high-risk pregnancies, the aims of this study 
were to analyze the distribution of FHR accelerations 
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Fig. 1. Birth weight distribution of neonates. Normal range 
(mean + 2 SD) is shown. 


in small-for-gestational-age (SGA) fetuses from 30 
weeks’ gestation to term and to determine whether cur- 
rent criteria used for nonstress tests are applicable in 
SGA fetuses. 


Material and methods 


Experimental design. The study participants re- 
ceived a standardized 800 kcal breakfast or lunck. at 
8 AM or at noon. All studies began 1 hour later and were 
conducted in a quiet room with patients either sitting 
upright in bed or resting in a lateral recumbent posi- 
tion. Participants were asked not to smoke =4 haurs 
before the studies. Smoking or food intake by patients 
or observers was not permitted during the studies. This 
protocol, although not done for routine NSTs, was de- 
signed to minimize the potential effect of maternal zly- 
cemia on FHR.‘ In the SGA group, participants were 
studied continuously for 30 minutes (n = 10) or 1 hour 
(n = 30) and were matched for length of observacion 
and gestational age with patients with appropriate for- 
gestational-age (AGA) fetuses. Seven patients in the 
SGA group and two in the AGA group participated in 
more than one study, separated by =7 days. Six studies 
were done at 30 to 32 weeks’ gestation, 19 at 33 to 35 
weeks’ gestation, and 15 at 36 to 40 weeks’ gestation in 
each group for a total observation time of 70 hours. 

FHR measurements. FHR was recorded with a 
Hewlett-Packard 8040A (Hewlett-Packard GMBH, 
Boeblinger, Federal Republic of Germany) external 
monitor by use of a compact transducer and was ana- 
lyzed on-line by a Sage II microprocessor (Sage Com- 
puter Technology, Reno, Nevada) as previously de- 
scribed.®*® The FHR intervals were examined by means 
of an artifact detection algorithm, and valid pulse in- 
tervals were averaged over 3.75 seconds. During on- 
line analysis a baseline was fitted to the heart rate rec- 
ord.” FHR accelerations =10 beats/min for 215 sec- 
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DISTRIBUTION OF FHR ACCELERATIONS 
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Fig. 2. Frequency histogram of 1738 FHR accelerations =15 
seconds duration was plotted in successive increments of 5 
beats/min to define distribution of acceleration amplitudes in 
SGA and AGA fetuses. (* p < 0.05; ** p < 0.01.) 


onds above the baseline and FHR decelerations of 210 
beats/min for =60 seconds below the baseline were 
recognized automatically. 

For each 10-minute interval the basal FHR 
(beats/min), the number of FHR accelerations, and the 
number of. FHR decelerations were calculated. Fetal 
breathing movements and gross fetal body movements 
were measured with a real-time ultrasound scanner 
(Model 2130, Advanced Diagnostic Research Corp., 
Tempe, Arizona) and will be reported elsewhere. 

Data analysis. The basal FHR, the number of FHR 
accelerations =10 beats/min for =15 seconds above the 
baseline, the number of FHR decelerations =10 
beats/min for =60 seconds below the baseline, and am- 
plitude of individual FHR accelerations were deter- 
mined on-line in successive 10-minute intervals. The 
number of FHR accelerations =15 seconds and FHR 
decelerations =60 seconds were also automatically de- 
termined off-line for acceleration and deceleration am- 
plitudes of 5 beats/min and in successive increments of 
5 beats/min to a maximum amplitude of 60 beats/min. 

Portions of records that could not be analyzed be- 
cause of FHR signal loss of >30% or patient interrup- 
tion were not included and made up 1.2% of total study 
time. The average signal loss of the remaining 69.2 
hours included in this analysis was 3.3% + 0.5% in the 
SGA group and 4.5% + 0.5% in the AGA group. 

Results are presented as grouped mean and SEM. 
The significance of difference in the means was exam- 
ined by unpaired Student t test and x? for proportions. 
Standard regression analysis with Pearson product- 
moment correlations (r) were determined. 


Results 

Patients. Informed consent was obtained from 46 
pregnant women with singleton pregnancies between 
30 and 40 weeks’ gestation with clinical or ultrasono- 
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Table I. Patient characteristics 


Nonstress test and intrauterine growth retardation 781 








Mean + SEM 





SGA (n = 24) AGA (n = 36) 








Mean + SEM Range 


35.4 + 0.4 


Gestational age at test (wk) 35.3 + 0.4 31-40 31-40 
Gestational age at delivery (wk) 36.6 + 0.5* 31-40 39.2 + 0.2 37-42 
Birth weight (gm) 1762 + 116* 720-2540 3365 + 68 2750-4540 
5-minute Apgar score . 87 + 0.3 5-10 9.2 + 0.1 7-10 
Length of stay in neonatal intensive care unit 17.8 + 3.9 2-66 0 


(days) (n = 18) 








*p < 0.001 compared with AGA. 


Table II. Umbilical cord blood gas values 






SGA (n = 24) 





oe Value Mean + SEM 


Po, (mm Hg) : 
Artery 15.1 + 1.0* 
< Vein 25.1 + 1.5 
Pco, (mm Hg) 
Artery 49.8 + 1.9 
` Vein 43.0 + 1.6 
pH . l 
Artery 7.26 + 0.01 
Vein 7.31 + 0.01f 


*p < 0.05 compared with AGA. 
tp < 0.01 compared with AGA. 


graphic findings suspicious for intrauterine growth re- 
tardation (IUGR) (SGA fetus) and in 36 low-risk preg- 
nant women (AGA fetus) matched for gestational age. 
All AGA infants subsequently had normal neonatal out- 
comes. All patients either had reliable menstrual dates 
or, underwent ultrasonographic examination during 
the second trimester. Usher and McLean? charts were 
used to classify the birth weights at sea level of the 
fetuses studied. Growth retardation was diagnosed 
when birth weight was less than the 3rd percentile for 
gestational age. A total of 22 (48%) of the 46 partici- 
pants with fetuses thought to be SGA had normal terii 
deliveries with normal birth weights and were excluded 
from subsequent analysis. All other participants were 
delivered of infants with a birth weight less than the 
3rd percentile (Fig. 1). The 3rd percentile at sea level 
is similar to the 10th poned for birth weights of the 
Denver standards.’ 

Patients who subsequently were delivered of SGA 
infants (n = 24) were matched for gestational age and 
length of heart rate tracings with healthy pregnant 
women (AGA; n = 36). Table I illustrates the charac- 
teristics of the fetuses studied. Umbilical arterial and 
venous blood gas values were determined in all SGA 
fetuses and in 26 AGA fetuses. The mean umbilical 





AGA (n = 26) | 


5.8-21.7 18.0 + 0.8 10.9-24.9 
10.2-45.2 27.8 + 0.9 17.2-37.2 
30.2-65.1 48.9 + 2.1 30.4-83.4 
30.1-55.5 39.5 + 1.2 26.3-55.2 
7.09-7.36 7.27 + 0.01 7.15-7.36 
7.16-7.41 7.35 + 0.01 7.25-7.42 


artery Po, level at birth was 15, 1 + 1.0mm Hg in SGA 
neonates, which was significantly lower than 18.0 + 
0.8 mm Hg in AGA neonates (p < 0.05; Table It), 
which suggests the presence of chronic hypoxemia in 
SGA fetuses. There was no significant difference in the 
umbilical artery Pco, level and pH at birth between 
SGA and AGA neonates (Table II). One neonatal deatti 
of a 40-week SGA infant occurred because of bilateral 
diaphragmatic hernia (umbilical arterial cord blood pH 
of 7.30 and Po, level of 14.8 mm Hg). There was no 
other congenital anomaly or neonatal death. Twelve 
(50%) patients in the SGA group were delivered of 
infants by cesarean section: two because of intrapartum 
fetal distress; two because of prolonged nonreactive 
NSTs; two because of footling breech presentation at 
the onset of labor; two because of severe pregnancy- 
induced hypertension; one because of prolapsed cord; 
and three were repeat cesarean sections. 

. Distribution of FHR accelerations. Fig. 2 is a his- 
togram plot of 1738 FHR accelerations =15 seconds 
above the baseline in the 60 fetuses studied. The per- 
centage of total FHR accelerations was calculated in 
siiccessive increments of 5 beats/min to define the dis- 
tribution of acceleration amplitudes. In SGA fetuses, 
56.8% of FHR accelerations were <10 beats/min am- 
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Fig. 3. Percentage of time intervals during which fewer than 
two FHR accelerations of =15 beats/min for 215 seconds 
occurred was plotted for all fetuses ( )..(F* p < 0.01 com- 
pared with AGA, *** p <-0.001 compared with AGA.) Per- 
centage of time intervals during which fewer than two FHR 
accelerations of =10 beats/min for =15 seconds occurred was 
also plotted for SGA fetuses on same time scale ( - - - - ). 





plitude, which was significantly higher than the 41.3% 
in AGA fetuses (p < 0.05). In contrast, SGA fetuses had 
fewer accelerations of large amplitude (=20 beats/min) 
than did AGA fetuses (6.8% and 23%, respectively, 
p < 0.01). 

-The percentage of time intervals during which fewer 
than two FHR accelerations =15 beats/min for =15 
seconds occurred is plotted in 10-minute increments 
(Fig. 3). In the AGA group, 52.6% of tracings had fewer 
than two FHR accelerations at 10 minutes and 1.3% at 
60 minutes. However, in SGA fetuses 79% of the re- 
cordings had fewer than two FHR accelerations az 10 
minutes, 35.2% at 40 minutes, and 24% at 60 minutes, 
which was significantly higher than i in the AGA fetuses 
(all p <-0.001). With a minimum amplitude of 10 
beats/min for =15 seconds to define an‘acceleration in 
SGA fetuses, the length of time from the beginning of 
recordings until two FHR accelerations occurred was 
similar to that of the AGA group (Fig. 3). 

Relationship. between basal FHR and amplitude of 
FHR accelerations. Fig. 4 summarizes characteristics 
of FHR accelerations and decelerations for each of the 
426 10-minute intervals. The mean number of FHR 
accelerations per 10 minutes of 215 beats/min am- 
plitude was 0.8 + 0.1 in the SGA group, compared 
with 1.7 + 0.1 in AGA fetuses (p < 0.001). With the 
use of a definition of 10 beats/min for acceleration 
amplitude in SGA fetuses, the mean number of FHR 
accelerations per 10 minutes was similar to that of the 
AGA group with the use of 15 beats/min for acceler- 
ation amplitude (1.6 + 0.1 and 1.7 + 0.1, respectively, 
Fig. 4). No significant difference was seen between. AGA 
and SGA fetuses in the mean basal FHR and the mean 
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Fig. 4. Mean basal F HR, mean number of FHR accelerations 
per 10 minutes of =15 beats/min and =10 beats/min for =15 
seconds, and mean number of FHR decelerations per 10 min- 
utes of =15 beats/min and =10 beats/min for =60 seconds 
were plotted for eack FHR tracing of AGA and SGA fetuses. 


number of FHR decelerations =10 beats/min for =15 
beats/min for =60 seconds (Fig. 4). 

` There was a significant negative correlation between 
the mean amplitude of FHR accelerations of 210 
beats/min for =15 seconds and the mean basal FHR 
in AGA fetuses (r = —0.43, p < 0.01), which demon- 
strated that in AGA fetuses at 30 to 40 weeks’ gestation 
the higher the mean basal heart rate, the lower the 
height of individual FHR acceleration. No such cor- 
relation was found in SGA fetuses (r = 0.02, NS). 


Comment 

“Analysis of the distribution of FHR acceleration am- 
plitude in a highly selected population of SGA fetuses 
from 30 to 40 weeks’ gestation demonstrated a larger 
proportion of small amplitude (<10, beats/min) and a 
smaller proportion of large amplitude (>20 beats/min) 
FHR accelerations than did the AGA fetuses. With 10 
beats/min to define the minimum amplitude of an ac- 
celeration in SGA fetuses, the length of time necessary 
to have a reactive nonstress test will follow the same 
pattern as that in AGA fetuses with the use of 15 
beats/min. 

Although there was a significant negative correlation 
between the mean amplitude of FHR accelerations and 
the mean basal FHR in AGA fetuses, this relationship 
was not demonstrated in SGA fetuses. No significant 
difference in the mean basal FHR and the mean num- 
ber of FHR deceleration was seen between SGA and 
AGA fetuses. 

~ Creasy et al.!° produced IUGR in the fetal lamb by 
reduction of the normal maternal uteroplacental blood 
flow. This was done by gradual embolization of the 


- uterine vascular bed of the pregnant sheep with non- 


radioactive microspheres. The fetal lambs with growth 
retardation were chronically hypoxemic for the last 2 
weeks of embolization and on average the Po, level into 
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the descending aorta was 3 mm Hg lower than that of 
fetuses of normal growth. Our data also demonstrated 
that SGA fetuses had, on average, Po, levels in the 
umbilical artery at birth 3 mm ‘Hg lower than did AGA 
fetuses without significant metabolic acidosis (Table II), 
which suggests that SGA fetuses were chronically hyp- 
oxemic but not acidotic before birth. 

It was previously reported" that human fetuses with 
severe but late-onset (>32 weeks’ gestation) IUGR 
(birth weight less than the 3rd percentile) have a re- 
duction in long-term FHR variability (25% less), inci- 
dence of gross fetal body movements (40% less), and 
time spent in FHR accelerations (50%-less). Similar ob- 
servations have been made in human fetuses with early- 
onset (<32 weeks’ gestation) IUGR. 1? We have made 
use of computerized FHR analysis to define the distri- 
bution of acceleration amplitudes, which is the major 
component of long-term FHR variability.’ Our data 
demonstrated that the decrease in FHR variability pre- 
viously described in SGA fetuses!" 
of a shift in the distribution of FHR acceleration am- 
plitude, the small amplitude (<10 beats/min) being 
predominant with IUGR. A similar pattern is seen in 
healthy fetuses béfore 30 weeks’ gestation"! which sug- 
gests that severely growth-retarded (birth weight less 
than the 8rd percentile) human fetuses may’ have an 
“immature pattern” in the distribution of acceleration 
amplitude. This observation might indicate a delay in 
the functional maturation of the autonomic control of 
the FHR due to chronic nutritional deprivation and 
hypoxemia, l 

‘Current data, like others,'™* ™!'5 demonstrated a sig- 
nificant decrease in the number of FHR accelerations 
(50% less) in compromised SGA fetuses compared with 
AGA fetuses with the use of 10 or I5 beats/min as a 
definition for minimum FHR acceleration amplitude. 
With 10 beats/min as a minimum amplitude, the de- 
tection of FHR accelerations was improved in SGA fe- 
tuses at a level comparable to AGA fetuses with the use 
of 15 beats/min. It is theréfore possible to speculate 
that currently used criterid for nonstress tests (FHR 
accelerations =15 beats/min for 215 seconds) could 
lead to classification of a high proportion of SGA fe- 
tuses as nonreactive (24% at 60 minutes, Fig. 3) and 


could be a result 


premature delivery. 

We previously described in healthy human fetuses of 
>80 weeks’ gestation, a significant negative correlation 
between the basal FHR and the mean amplitude of 
FHR accelerations. It is believed that individual fe- 
tuses >30 weeks’ gestation have a set “gain” for FHR 
accelerations that is related to the basal heart rate." 
This relationship between basal heart rate and ampli- 
tude of FHR accelerations is not present <30 weeks’ 
gestation in healthy human fetuses.“ In SGA fetuses 
of >30 weeks’ gestation such correlation could not be 
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demonstrated, which suggests an impairment of the 
cardioacceleratory (B-sympathetic) system in the pres- 
ence of chronic fetal hypoxemia. FHR decelerations 
260 seconds did not occur more frequently in SGA 
fetuses than in AGA fetuses, which suggests that the 
parasympathetic (cardioinhibitory) system is probably 
not affected to the same extent as is the sympathetic 
tone during mild chronic fetal hypoxemia and nutri- 
tional deprivation. However, this remains to be deter- 
mined. l 

The results indicated that in the presence of chronic 
hypoxemia without acidosis associated with IUGR, the 
earliest change in FHR patterns might be a decrease in 
the number of FHR accelerations rather than an in- 
crease in the number of FHR decelerations. Further- 
more, the baseline heart rate was not significantly al- 
tered in the presence of IUGR. Use of an amplitude 
>10 beats/min to define an acceleration could be a 
strategy to increase the chance to detect FHR acceler- 
ations at >30 weeks’ gestational age in SGA fetuses. 
The .data also support the concept, as recently sug- 
gested,!>"” that the presence of a decline in absolute 
acceleration frequency may be a sensitive indicator of 
chronic fetal hypoxemia before severe metabolic aci- 
dosis and irreversible damage occurs. 


We thank Dr. J. Patrick for his interest in this work 
and Mrs. M. de Sousa for her technical assistance. 
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Impact of residual amniotic fluid volume in patients receiving 


parenteral tocolysis after premature rupture of the membranes 


Richard K. Silver, MD, Scott N. MacCreeoy) DO, and Edward D. Hobart 


Evanston, Illinois 


The inhibition of labor subsequent to premature rupture of the membranes remains controversial. To 
evaluate the possibility that diminished amniotic fluid volume impacts on the latent period in patients 
receiving tocolytic therapy after premature rupture of the membranes, we reviewed our recent clinical 
experience with premature rupture of the membranes and the use of tocolytic agents. ‘Between January 


1985 and June 1988, 70 singleton pregnancies ‘with premature rupture of the membranes between 25 and 
34 weeks of’ gestation without prior tocolytic therapy were included, Ritodrine (n = 22), magnesium sulfate 
(n= 37); or both agents (n = 1 1) were administered and followed by oral terbutaline if tocolysis was ` 
achieved, Ultrasonographic examination was performed, atter: admission. and patients were grouped on the 


basis" of estimates of residual amniotic fluid volume. Fourtsen patients had adquate fluid volume; 20.had 
diminished fluid volume, and 36 had oligohydramnios. Patients with adequate fluid volume hada. 
significantly longer interval between tocolytic therapy and delivery when compared with the other two 
categories (analysis of, variance, p. < 0.001), and proportionately more patients remained undelivered for 
>1 week (adequate 8 of 14 vs. diminished 3 of 20 and oligohydramnios 3 of 36;.p <0. 001). In the 18 
patients with premature’ rupture of the membranes before 30 weeks’ gestation, ‘adequate fluid ‘volume was 
associated with the longest latent period (adequate 14. fo) days: diminished 12.6 days, and oligohydramnios 
2.8 days; analysis of variance, p < 0. 05). We conclude that tocolytic therapy i is of little benefit in the 
preserice of oligohydramnios. If additional prospective studies of tocolytic’ efficacy i in pregnancies 
complicated by premature rupture of the membranes are undertaken, inclusion of residual amniotic fluid 
volume as an independent variable before randomization should be considered.. (Am J OBSTET GYNECOL 
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The inhibition of labor subsequent to premature rup- 
ture of the membranes remains controversial, Al- 
though tocolytic therapy may forestall delivery in some 
patients," ? an improvement in perinatal outcome has 
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not been identified.** The inclination to use tocolytic 
agents is greatest when the diagnosis is made before 30 
weeks’ gestation because those fetuses may best benefit 
from pregnancy prolongation.° Other rationales for to- 
colytic therapy include delay of delivery to accomplish 
maternal transport or to administer antenatal steroids 
(the latter rationale is also controversial). 

Two prospective, randomized trials evaluating the 
efficacy of tocolytic therapy in patients with premature 
rupture of the membranes were recently reported. * 
Neither study identified an impact of tocolytic use on 
perinatal outcome, although one trial observed a sig- 
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nificant delay in delivery among patients diagnosed be- 
fore 28 weeks’ gestation.’ Although both studies 
reached similar conclusions, the influence of dimin- 
ished amniotic fluid volume was not considered in ei- 
ther study design. In patients with premature rupture 
of the membranes, reduced amniotic fluid is predictive 
of subclinical infection® and shorter interval to deliv- 
ery.” Because they did not consider amniotic fluid vol- 
ume before randomization, or control for its effects 
during analyses, both studies may have failed to identify 
significant differences between control and treatment 
groups. In clinical terms, patients with low amniotic 
fluid volume and preterm contractions may respond 
differently to tocolytic therapy when compared with 
quiescent patients with adequate amniotic fluid volume. 
To evaluate the possibility that diminished amniotic 
fluid volume impacts on the latent period in patients 
receiving tocolytic therapy after premature rupture of 
the membranes, we reviewed our recent clinical ex- 
perience with premature rupture of the membranes 
and the use of tocolytic agents. 


Material and methods 


Between January 1985 and June 1988, all pregnan- 
cies complicated by preterm premature rupture of the 
membranes that were treated by tocolysis were consid- 
ered for this study. Only singleton pregnancies between 
25 and 34 weeks of gestation that had not received 
tocolytic therapy before premature rupture of the 
membranes were included. Of the 92 cases identified 
during this interval, 22 were excluded from analysis 
(twins, n = 9; prior tocolytic treatment, n = 13). The 
remaining 70 patients composed the study population. 

The diagnosis of membrane rupture was made by 
sterile speculum examination in all cases; ferning of 
amniotic fluid was considered confirmatory. Reconfir- 
mation of the diagnosis was mandatory for patients 
transferred from referring hospitals with the diagnosis 
of premature rupture of the membranes. Parenteral 
therapy with either ritodrine or magnesium sulfate was 
administered at the onset of regular contractions (or 
on admission, if contractions began before presenta- 
tion). The decision to use tocolytics was made inde- 
pendently of amniotic fluid estimates. Ritodrine was 
administered at an initial dose of 100 wg/min, and was 
increased by 50 pg/min every 10 minutes until either 
an effective dose or 450 «g/min was reached. Mag- 
nesium sulfate was initially given as a 6 gm loading dose 
over 20 minutes followed by a 2 gm/hr maintenance 
dose (with a 4 gm/hr infusion limit). Measurements of 
magnesium ion blood levels were obtained when clin- 
ically indicated, and adjustment of either drug’s in- 
fusion rate was predicated on achieving a uterine re- 
sponse of fewer than four contractions per hour. 
Oral terbutaline was administered to patients after 
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intravenous treatment. The dose and frequency were 
adjusted to maintain maternal tachycardia (pulse=100 
beats/min). Tocolytics were withdrawn for any of 
the following reasons: if the diagnosis of intraamni- 
otic infection was made (by virtue of elevated maternal 
temperature, fetal tachycardia, uterine tenderness, 
or positive Gram stain of amniotic fuid); if a mature 
lecithin/sphingomyelin ratio was identified; if labor 
progressed despite maximal therapy (cervical dilatation 
=5 cm); or if a change in fetal assessment {e.g., signif- 
icant heart rate abnormality) prompted delivery. 

An ultrasonographic examination was performed 
shortly after admission to assess fetal growth parame- 
ters and evaluate amniotic fluid volume. The largest 
pocket of amniotic fluid was identified and its vertical 
diameter was measured and recorded. Amniotic fluid 
assessment was repeated weekly if the patient remained 
undelivered. 

Obstetric data were collected and coded and ultra- 
sonographic results were also coded without knowledge 
of corresponding outcomes. Statistical methods in- 
cluded analysis of variance for continuous data, and x? 
for categoric variables (3 x 2 contingency tables). 


Results 


Forty-one of the 70 patients were transported from 
referring hospitals and tocolytic therapy was instituted 
in 36 cases before transfer. Although 10 patients had 
a history of prior preterm birth, 40 (57.1%) were nul- 
liparous. The mean gestational age on admission was 
31.2 weeks; 18 patients were <30 weeks of gestation 
when premature rupture of the membranes occurred. 
The time from membrane rupture to hospital admis- 
sion varied (range, 1 to 80 hours), with a mean interval 
of 13 hours. Tocolytic therapy was begun within 24 
hours of membrane rupture in 59 (84.3%) patients. 
Magnesium sulfate was used most often (37 of 70, 
52.9%) and 1] patients received simultaneous treat- 
ment with both magnesium sulfate and ritodrine. Forty- 
one patients (58.6%) were undelivered 48 hours after 
premature rupture of the membranes and 14 (20%) 
had a latent period >l week. The most common in- 
dication for withdrawal of tocolysis was progressive la- 
bor despite maximum therapy (n = 37). Suspected in- 
traamniotic infection prompted delivery in 16 cases. Of 
the 34 patients who had successful sampling by amnio- 
centesis, positive Gram stains were identified in four 
cases. A mature lecithin/sphingomyelin ratio (obtained 
by amniocentesis) permitted withdrawal of tocolytic 
therapy in an additional six patients, and fetal heart 
rate abnormalities led to emergent delivery in six pa- 
tients. 

The initial ultrasonographic evaluation permitted 
categorization of patients on the basis of vertical mea- 
surement of the largest amniotic fluid pocket. Fourteen 
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Table I. Selected peripartum variables grouped acccrding to residual amniotic fluid volume after 
premature rupture of the membranes 
















Amniotic fluid volume 


Adequate Diminished Oligohydramnios 
(N = 14) (N = 20) (N = 36) 





Gestational age at premature rupture of the membranes (wk, 80.9 + 2.9 31.2 + 3.1 31.4 + 2.9 
mean + SD) 

Tocolysis instituted within 24 hr of premature rupture of the membranes 13 (92.8) 16 (80.0) 30 (83.3) 
(No. and %) 

Magnesium sulfate only (No..and %) 6 (46.2) 12 (60.0) 19 52.8) 

Ritodrine only (No. and %) 7 (50.05 2 (10.0) 13 (36.1) 

Magnesium sulfate plus ritodrine (No. and %) 1 (7.1) 6 (30.0) 4 (11.1) 


Indication for delivery (No. and %) 


Failed tocolysis 7 (50.0) 12 (60.0) 22 (61.1) 

Intraamniotic infection 3 (21.4) 4 (20.0) 10 (27.7) 

Abnormal] fetal heart rate 0(~ 4 (20.0) 2 (5.6) 
Birth weight (gm, mean + SD) 2018 + 603 1707 + 556 1776 + 534 





No significant differences by analysis of variance (continuous data) or 3 x 2 contingency tables (discrete variables). 


Table II. Comparison of selected measures of latency between patients grouped according to residual 
amniotic fluid volume 












Amniotic fluid volume 


Adequate Diminished Oligohydramnios 
. (N = 14) (N = 20) (N = 36) 








Increase in gestational age (days, mean + SD) 10.5 + 8.4 6.3 + 6.3 14% 1.2 <0,0001* 
Tocolytic therapy—delivery >48 hr (No. and %) 10 (71.4) 14 (70.0) 7 (19.4) <0.001+ 
Tocolytic therapy—delivery >1 wk (No. and %) 8 (57.1) 3 (15.0) 3 (8.3) <0.0014 


*Analysis of variance. 
+3 x 2 contingency tables. 


Table III. Comparison of selected measures of latency among patients with premature rupture of the 
membranes before 30 weeks’ gestation grouped according to residual amniotic fluid volume 


Adequate 
(N = 3) 












Amniotic fluid volume 


Diminished Oligohydramnios 
(N = 6) (N = 9) 





Gestational age at diagnosis (wk, mean + SD) 28.0 + 0.7 26.9 + 1.9 26.9 + 1.3 NS 
Membrane rupture to tocolysis <24 hr (No. and %) 2 (66.7) 3 (50.0) 6 (66.7) NS 
Increase in gestational age (days, mean + SD) 14.0 + 9.8 12.6 + 9.8 2.8 + 3.5 <0.05 
Tocolytic therapy—delivery >48 hr (No. and %) 3 (100.0) 6 (100.0) 4 (44.4) = 0,061 
Tocolytic therapy—delivery >1 wk (No. and %) 2 (66.7) 3 (50.6) 2 (22.2) NS 
Birth weight (gm, mean + SD) 1488 + 444 1061 + 296 1072 + 168 = 0.072 





Analysis of variance for continuous data; 3 x 2 contingency tables for discrete variables. 


patients had a measurement >3 cm and were consid- institution of tocolytic therapy and delivery. This re- 
ered to have adequate fluid volume; 20 had diminished sulted in a greater proportion of undelivered patients 
fluid (vertical diameter between 1 and 3 cm), and 36 at 48 hours of latency, a difference that persisted be- 
had oligohydramnios (vertical diameter <1 cm). Se- yond 1 week of expectant management. Tocolytic fail- 
lected obstetric variables were compared between cases ure was highest in patients with oligohydramnios 
grouped according to amniotic fluid volume (Table I). (n = 22; 61.1%). This finding could not be attributed 

As shown in Table II, patients with adequate amniotic to a difference in the incidence of intraamniotic in- 


fluid volume had a significantly longer interval between fection. 
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The impact of amniotic fluid volume was also ex- 
amined in the subset of pregnancies admitted before 
30 weeks’ gestation (Table III). The presence of ade- 
quate fluid volume was again associated with the longest 
latent period and a significant increase in the propor- 
tion of undelivered patients beyond 48 hours from 
membrane rupture. In this same comparison the net 
increase in gestational age was highest in the adequate 
and diminished fluid groups (14.0 and 12.6 days; re- 
spectively) when compared with the patients with oli- 
gohydramnios (2.8 days; p < 0.05). 

Perinatal outcome was favorable in this series with 
only four neonatal deaths, all occurring in patients with 
decreased amniotic fluid. The majority of significant 
morbidity also occurred in patients with decrased fluid. 
Ten of 11 cases of respiratory distress syndrome and 
4 of the 5 cases of intraventricular hemorrhage were 
observed in these patients. Neonatal sepsis (e.g., bac- 
teremia, pneumonia, or both) was observed in 3 of 14 
infants in the adequate fluid group compared with 2 
of 20 and 5 of 36 neonates associated with diminished 
fluid or oligohydramnios, respectively. Major maternal 
complications related to tocolytic treatment were not 
observed, nor were tocolytics withdrawn because of pa- 
tient intolerance. 


Comment 


The persistence of amniotic fluid after premature 
rupture of the membranes appears to have a favorable 
impact on the latent period among patients receiving 
parenteral tocolytic therapy. Even patients with dimin- 
ished fluid volume (maximum vertical measurement 
between 1 and 3 cm) experienced a significant increase 
in latency when compared with patients with oligohy- 
dramnios. The extent that tocolytic therapy itself influ- 
enced outcome cannot be ascertained from these data. 
However, one observation regarding tocolytic efficacy 
can be made despite the limitations of this uncontrolled 
study. Of the 36 patients with oligohydramnios, only 7 
had a latent period >2 days. That 80% of these patients 
were delivered within 48 hours underscores the relative 
futility of tocolytic use in the absence of residual am- 
niotic fluid. However, one potential justification would 
be to delay delivery long enough to complete a course 
of maternal steroid therapy, a controversial approach 
in patients with ruptured membranes.*"° 

Many theories have been proposed to explain why 
patients without fluid are delivered shortly after mem- 
brane rupture. For example, a larger opening in the 
amniotic membrane, associated with excessive leakage, 
may permit a significant inoculum of genital tract bac- 
teria to gain access to the amniotic cavity early in a 
patient’s course.’ Alternatively, the antibacterial prop- 
erties attributed to amniotic fluid may be diminished 
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in patients with the least residual fluid volume, leading 
to prompt bacterial colonization, subclinical infection 
and labor." Oligohydramnios might result instead from 
increased uterine tone, which could interfere with 
reaccumulation and retention of fluid after membrane 
rupture. Although this last theory might provide a 
physiologic justification for tocolytic use, it is unlikely 
that any tocolytic treatment currently available will 
modify the clinical course in patients with oligohy- 
dramnios. 

In conclusion, if additional prospective studies of to- 
colytic efficacy in pregnacies complicated by premature 
rupture of the membranes are undertaken, inclusion 
of residual amniotic fluid volume as an independent 
variable before randomization should be considered. A 
disproportionate representation of patients with oli- 
gohydramnios in either the treatment or control group 
might inadvertently bias the results. Finally, in those 
patients with oligohydramnios, tocolytic therapy is 
of no measurable benefit and should probably be 
withheld. 
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Cardiovascular and metabolic effects associated with 


nifedipine and ritodrine tocolysis 


James E. Ferguson II, MD, Donald C. Dyson, MD,* R. Harold Holbrook, Jr, MD, 


Thomas Schutz, BA, and David K. Stevenson, MD* 
Santa Clara and Stanford, California 


Recent investigations have indicated that nifedipine, a calc um channel entry blocker, may be useful in the 
treatment of preterm labor. This prospective, randomized study compares cardiovascular and metabolic 
effects measured in association with sublingual and oral administration of nifedipine with those noted with 
the intravenous and oral administration of the B-adrenergic agent ritodrine. Serial measurements of 
cardiovascular parameters, hematocrit, electrolytes, glucose, blood urea nitrogen, creatinine, calcium, and 
serum glutarnic-oxaloacetic and glutamic-pyruvic transaminase were compared between groups. 
Sublingual and oral nifedipine caused minimal cardiovascular alterations. At doses sufficient to achieve 
tocolysis, ritodrine caused more pronounced cardiovasculer changes than nifedipine. Both agents had a 
hemodilutional effect, but nifedipine was not associated with alterations in serum electrolytes or a dramatic 
hyperglycemia. On the basis of this study, it appears that zhe use of nifedipine for preterm labor 
management is associated with hemodilutional changes but not the adverse cardiovascular or metabolic 
effects often associated with ritodrine tocolysis. (Am J OBsTET GYNECOL 1989;161:788-95.) 


Key words: Nifedipine, ritodrine, premature labor, tocolysis 


Currently a variety of pharmacologic agents are used 
to treat preterm labor, but only the B-adrenergic agent 
ritodrine has a Food and Drug Administration—labeled 
indication for such therapy.' The use of B-adrenergic 
agents, however, can be associated with undesirable zar- 
diovascular and metabolic side effects. +? These pozen- 
tial side effects prompted evaluation of an alternate 
tocolytic agent. 

Because of their relaxing effects.on the myometrium, 
calcium channel entry blockers show promise. Prelim- 
inary studies with nifedipine have suggested that it can 
inhibit labor while producing few apparent side ef- 
fects.** However, knowledge of possible cardiovascular 
or metabolic effects associated with the sublingual and 
oral routes of administration of nifedipine in the preg- 
nant patient is limited. We conducted this study to eval- 
uate cardiovascular and metabolic responses to n.fed- 
ipine, and to compare them with changes noted with 
the B-adrenergic agent ritodrine. 


Material and methods 


Between July 1984 and June 1986, patients with pre- 
term labor occurring between 24 and 36 completed 
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weeks of gestation were eligible for enrollment into the 
study. Informed consent as approved by the Stanford 
University Committee for Protection of Human Sub- 
jects in Research and the Kaiser Permanente Human 
Subjects Committee was obtained from each patient. 
Patients with the following maternal factors were ex- 
cluded: tocolytic exposure during the current preg- 
nancy, diabetes, hyperthyroidism, cardiac disease, se- 
vere preeclampsia-eclampsia, abruptio placentae, cho- 
rioamnionitis, multiple gestation, hydramnios, and 
cervical dilatation >4 cm. Fetal distress, severe intra- 
uterine growth rerardation, dead fetus, or fetal anom- 
aly incompatible with life constituted fetal factors for 
exclusion. 

Preterm labor was defined as regular uterine con- 
tractions with a documented change in cervical dila- 
tation or effacement before 36 completed weeks’ ges- 
tation. Once preterm labor was diagnosed and written 
consent had been obtained, the assignment group was 
determined by opening a sequentially numbered sealed 
envelope, randomized by the use of a random number _ 
table, with the patients stratified according to cervical 
dilatation ($2 cm or >2 but =4 cm) and whether the 
patient had intact or ruptured membranes. An intra- 
venous infusion of 5% dextrose in lactated Ringer’s 
solution at 100 ml/hour was administered to all patients 
after an initial 200 ml fluid bolus. An electrocardiogram 
was obtained from each patient before and at 12 hours 
of treatment. Fetal heart rate and uterine activity were 
monitored continuously during the study. Cervical cul- 
tures for group B B-hemolytic streptococcus and Neis- 
seria gonorrhoeae were obtained. The use of amniocen- 
tesis and steroid administration followed our standard 
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practice as previously described.® Tocolysis was at- 
tempted in each group of patients for 48 hours in pa- 
tients with ruptured membranes and through 36 com- 


pleted weeks of gestation in patients whose membranes ` 


were intact. 


` Nifedipine tocolysis was initiated with a 10 mg cap- 


sule given sublingually. Patients were instructed to bite 
the capsule between their molars and, if possible, to 
avoid swallowing to facilitate sublingual absorption. If 
uterine contractions persisted after 20 minutes, a sim- 
ilar dose was repeated at intervals of 20 minutes, up to 
a maximal total dose of 40 mg during the first hour of 
treatment. If sublingual tocolysis stopped the uterine 
activity, then oral therapy with 20 mg of nifedipine was 
initiated 6 hours after the last sublingual capsule. This 
dose was repeated at 4 to 6-hour intervals, or if clinically 
indicated to continue tocolysis, occasionally at more fre- 
quent intervals. During treatment in the ritodrine 
group the infusion rate was begun at 50 g/min and 
increased by 50 pg/min every 15 to 30 minutes in re- 
sponse to continued uterine activity until uterine con- 
tractions were inhibited, 350 g/min was reached, or 
unacceptable side effects developed. Thereafter the in- 
fusion rate was decreased by 50 g/min and was then 
maintained at that rate for 12 hours. After 12 hours 
the infusion rate was decreased by 50 g/min every 2 
hours until 100 g/min was reached. If uterine con- 
tractions recurred, the sequence was repeated. Oral 
therapy (10 to 20 mg every 4 to 6 hours) was started 
30 minutes before discontinuation of intravenous rito- 
drine. Tocolysis was considered to have been achieved 
when the treating physician determined that uterine 
contractions were stopped: At that time no further sub- 
lingual nifedipine therapy was given or the infusion 
rate of ritodrine was decreased to the maintenance rate. 

In both study groups, fluid intake was limited to 2400 
ml/24 hr, and volume of total intake and urine output 
was recorded. Patients were allowed no oral intake ex- 
cept when sips of water were permitted to swallow 
oral medications. Blood urea nitrogen, creatinine, cal- 
cium, serum glutamic-oxaloacetic and glutamic-pyruvic 
transaminase levels were measured before therapy and 
after 24 hours of treatment. Hematocrit, glucose, 
sodium, potassium, chloride, and bicarbonate levels 
were measured before therapy and after 8, 16, and 
24 hours of treatment. The anion gap was determined 
for these intervals from the following formula: (so- 
dium + potassium) (chloride + bicarbonate). A 
baseline hemogram also was obtained for all patients. 

Patients were positioned in left lateral recumbency 
for cardiovascular measurements. The superior arm 
was used and Korotkoff phase 4 documented the di- 
astolic pressure. Mean arterial pressure was calculated 
with the standard formula. The pulse rate was deter- 
mined by counting the pulse for | full minute. Patients 
in each group had a minimum of two pretréatment 
blood pressure and pulse rate determinations. In the 
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patients who received nifedipine, systolic and diastolic 
blood pressures and pulse rate were measured 5, 10, 
and 20 minutes after each sublingual dose, then hourly 
until the first oral dose. During oral administration 
these parameters were measured before successive 
doses and at 5, 10, and 20 minutes, and 2, 4, and 6 
hours after each dose during the first day. In the pa- 
tients who received ritodrine, similar parameters were 
determined at the time of and 10 minutes, 20 minutes, 
2 hours, and 4 hours after each change in the intra- 
venous infusion rate and every hour once a stable in- 
fusion rate was determined. i 

Statistical analyses were performed with the use of 
an unpaired ¢-test for comparison between the two 
treatment, groups at specific time points (baseline and 
interval values), paired ¢ test and assessment of differ- 
ence patterns for comparison cf serial interval values 
to baseline values within a treatment group, and x? 
analysis with Yates correction for continuity. Addition- 
ally, a two-way analysis of variance with comparison of 
least-square means to identify specific differences was 
used to evaluate the effects of time and treatment, and 
the interaction of time and treatment. Linear regres- 
sion was used to determine if there was any correlation 
between cumulative nifedipine dose over 24 hours on 
a milligram per kilogram basis and changes from base- 
line in the 24-hour metabolic parameters. 


Results 


Twenty-seven patients were randomly assigned to the 
nifedipine group and 26 to the ritodrine group. Car- 
diovascular data were not available for analysis from 
one of the nifedipine patients, and metabolic data were 
unavailable from one patient in the ritodrine group. 
During oral therapy, only patients who received 20 mg 
doses of nifedipine at 6-hour intervals in the initial 24 
hours are reported. To evaluate possible differences 
between the two treatment groups at the same Clinical 
end point (ie., after uterine contractions had stopped), 
we compared cardiovascular effects at similar time in- 
tervals in both groups. Comparisons were made be- 
tween cardiovascular values recorded at 20 minutes and 
between averaged values recorded from 2 to 4 hours 
after the last sublingual dose or the intravenous infu- 
sion rate necessary to stop uterine contractions in pa- 
tients in the nifedipine and ritodrinie groups, respec- 
tively. 

Various factors that could have affected the study 
outcome are shown in Table I and indicate that the 
groups are comparable. 

Pretreatment values and the cardiovascular re- 
sponses to sublingual nifedipine administration for the 
26 patients in whom sublingual: tocolysis : was evaluated 
are shown in Fig. 1, A. Twenty patients required four 
sublingual doses, four required three doses, and two 
patients required only two sublingual doses. When 
compared with pretreatment values, the systolic blood 
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Fig. 1. A, Effects of sublingual nifedipine on systolic and di- 
astolic blood pressure, mean arterial pressure (MAP), and 
pulse rate. Vertical arrows indicate timing of administration of 
10-mg of nifedipine. Solid symbols represent p < 0. 05, com- 
pared with baseline valués. B, Effects of oral nifedipine on 
systolic and diastolic blood pressure, mean arterial pressure 
(MAP), and pulse rate. Vertical arrows indicate timing of ad- 
ministration of 20 mg of nifedipine. Solid symbols represent 
p < 0.05 compared with baseline values. Values expressed as 
mean + SD. | 


pressure statistically did not change during sublingual 
dosing or during the 6-hour inteval after the last sub- 
lingual dose. However, diastolic blood pressure was de- 
creased by 4 torr 10 minutes after ‘the initial dose 
íp = 0.018). Additional doses caused little further de- 
crease in diastolic blood pressure when compared with 
diastolic values recorded just before subsequent suDlin- 
gual doses (i.e., at 20, 40, or 60 minutes after the ini- 
tiation of treatment). The lowest mean diastolic pres- 
sure was 62.2 torr. The diastolic blood pressure re- 
mained: decreased through 3 hours after thé last 
sublingual dose (p = 0.044) and then returned toward 
pretreatment values. Changes in the mean arterial ores- 
sure occurred during the interval when diastolic tlood 
pressure was decreased; however, because systolic 
blood pressure did not change significantly, the de- 
creases in diastolic blood pressure were not always as- 
sociated with statistically significant decreases in mean 
arterial pressure. The pulse rate increased 10 minutes 


` after the initial dose (p = 
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Table I. Maternal factors of study patients 
randomly selected to receive nifedipine or 
ritodrine tocolysis 


Classification Ritodrine 

Age (yr)* 26.6 + 5.2 25.9 + 5.5 
Gestational age (wk)* 30.7 + 3.0 30.8 + 2.3 
White blood cell count* 11.1 + 3.8 12.7 + 3.8 
Parity , 
0 14/27 16/26 

>0 13/27 19/26 
Cervical dilatation (cm) 

=2 22/27 20/26 

>2, <4 5/27 6/26 
Premature rupture of 6/27 6/26 

membranes 
Betamethasone use 23/27 23/26 


*Mean + SD; none of these was significantly different by 
Student’s ¢ test or x? analysis, where appropriate. 


0.002) when compared with 
baseline values and remained elevated through 3 hours 
after the last sublingual dose. When compared with 
pulse values recorded just before subsequent sublingual 
doses, only the increased value recorded 20 minutes 
after the third sublingual dose was statistically greater 
(p = 0.018). The maximal mean pulse rate was 98 
beats/min and occur red 1 hour after the last sublingual 
dose. 

The cardiovascular responses of patients who re- 
ceived 20 mg of nifedipine orally at exactly 6-hour in- 
tervals are shown in Fig. 1, B. Values at 5, 10, and 20 
minutes, and 2, 4, and 6 hours after each oral dose are 
compared with those measured just before each dose. 
Systolic blood pressure did not change significantly 
during oral therapy. Whereas diastolic blood pressure 
did decrease somewhat after each oral dose, when com- 
pared with predose values, only the decrease at 20 min- 
utes after the second oral dose was statistically signifi- 
cant (p = 0.03). The mean arterial pressure demon- 
strated a similar pattern of change. After each oral 
dose, the pulse rate increased when compared with 
values measured before each dose. Statistically signifi- 
cant increases in pulse rate were consistently noted 20 
minutes after each oral dose. Maximal pulse increases 
and diastolic blood pressure and mean arterial pressure 
decreases were similar in magnitude to those measured 
during sublingual administration. 

Fig. 2 shows the cardiovascular response to stepwise 
increases with equal doses in the infusion rate of rito- 
drine in the 26.patients who were evaluated. The car- 
diovascular parameters depicted were obtained 15 to 
30 minutes after the particular infusion rate was ini- 
tiated. There was no significant change in systolic blood 
pressure, but diastolic and consequently mean arterial 
pressures decreased. Pulse rate increased significantly. 
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These changes were progressive until the 200 pg/min 
infusion rate was reached. Thereafter they changed 
little, but remained significantly different from baseline 
values. 

In Table II, cardiovascular parameters measured in 
patients in both the nifedipine and ritodrine groups at 
the specified intervals after tocolysis was achieved are 
compared to baseline values and to each other. In the 
nifedipine patients, when interval values were com- 
pared with baseline values, systolic and mean arterial 
blood pressure did not change statistically, whereas 
the decreased diastolic blood pressure and the in- 
creased pulse rate were statistically significant at each 
interval. In the ritodrine patients in whom tocolysis 
was achieved, the labor-inhibiting rate was 221 + 74 
yg/min(mean + SD), and the mean maintenance rate 
was 165 + 53 pg/min. Systolic blood pressure did not 
change statistically when values from the ritodrine pa- 
tients at each interval were compared to baseline; how- 
ever, the decreased diastolic blood pressure and mean 
arterial. pressure and the increased pulse rate were sta- 
tistically significant at both intervals. When the nifed- 
ipine and ritodrine groups were compared, baseline 
values did not differ statistically for any of the cardio- 
vascular parameters, nor did systolic blood pressure 
values differ when compared at either interval. Com- 
parison between groups revealed that diastolic blood 
pressure and mean arterial pressure were statistically 
lower and the pulse rate statistically higher in the rito- 
drine group at both intervals after tocolysis. 
` Values for metabolic parameters that were obtained 
at baseline and after 24 hours of treatment are shown 
in Table ILI. In patients whe received nifedipine, there 
was a decrease in blood urea nitrogen and serum 
glutamic-pyruvic transaminase values at 24 hours when 
compared to baseline (p = 0.0042 and p = 0.004, re- 
spectively). Although the absolute differences between 
baseline and 24-hour values were minimal, the de- 
creased calcium values in both the nifedipine and rito- 
drine groups were statistically significant (p = 0.0004 
and p = 0.0058, respectively). When values from pa- 
tients in the two treatment groups were compared at 
baseline and 24 hours of treatment, no significant dif- 
ferences existed. 

Glucose values after 8, 16, and 24 hours of treatment 
were significantly increased in both groups when com- 
pared with their respective baseline values (Fig. 3, A). 
Values in the ritodrine group also were statistically 
greater than values in the nifedipine group at 8 and 
16 hours of therapy. Decreases in hematocrit were 
noted in both groups over time; the comparisons of 
interval to baseline values in each treatment group are 
shown in Fig. 3, B. Only the values at 8 hours of treat- 
ment differed significantly when interval values were 
compared between groups. . 
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Fig. 2. Systolic and diastolic blood pressure, mean arterial 
pressure (MAP), and pulse rate measured after stepwise in- 
creases with equal doses in the infusion rate of ritodrine. Solid 
symbols represent p < 0.05, compared with baseline values. Val- 
ues expressed as mean + SD. 


Serum electrolyte values are tabulated in Table IV. 
Sodium values did not change with time in either 
group. During therapy, potassium values remained un- 
changed in the nifedipine group, but fell significantly 
in the ritodrine group. When comparisons were made 
between groups at the 8-, 16-, and 24-hour intervals of 
therapy, ritodrine values were lower (p = 0.0001, 
p = 0.0001, and p = 0.0001, respectively). Chloride 
values were unchanged over time in the nifedipine 
group, but increased significantly in the ritodrine 
group at 8 and 16 hours of treatment. Only the values 
at 24 hours of therapy differed between groups 
(p = 0.004). As shown in Table IV, interval values for 
bicarbonate did not differ from baseline in the nifed- 
ipine group; however, they decreased in the ritodrine 
group. When comparisons were made at the 8-, 16-, 
and 24-hour intervals of therapy between groups, the 
lower values in the ritodrine patients were only signif- 
icant at the 8- and 16-hour comparisons (p = 0.005, 
p = 0.001, respectively). The anion gap did not change 
significantly over time in either group, but the anion 
gap was greater in the ritodrine group at the 8-hour 
determination when compared with the nifedipine 
group (p = 0.0001) and at the 16-hour comparison 
(p = 0.025). l 
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Table II. Comparison of cardiovascular parameters zt 20 minutes and 2 to 4 hours after the last 
sublingual dose or intravenous infusion rate necessary to achieve tocolysis 


Baseline : 
Value* Group (pretreatment) i 20 min 2-4 hr 














Systolic pressure (torr) Nif 111.3 + 12.6 (n.= 21) 111.1 + 11.2 (n = 21) 110.6 + 11.5 (n = 21) 
Rit 112.0 + 8.7 (n = 23) 113.8 + 14.6 (n = 23) 109.6 + 10.7 {n = 23) 

Diastolic pressure Nif 68.5 + 8.7 (n = 21) 64.5 + 8.3 (n = 21)1,5 63.5 + 9.4 (n = 21)1,5 
(torr) Rit 68.3 + 7.4 (n = 23) 53.3 + 11.9 (n = 23)f 518+ 8.0 (n = 23)f 
Mean arterial pressure Nif 82.8 + 9.3 (n = 21), 80.0 + 8.3 (n = 21) 79.2 + 9.5 (n= 21) 
(torr) Rit 82.9 = 7.1 (n= 23) 73.5 + 11.0 (n = 23) 71.0 + 7.6 (n = 23)f 

Pulse (beats/min) Nif 83.2 + 10.5 (n = 21) 95.2 + 13.2 (n = 21)1,5 90.1 + 9.3 (n = 21)t,¢ 
Rit 85.4+ 9.0 (n = 23) 122.1 + 16.7 (n = 23)+ 123.2 + 13.1 (n = 23) 


Nif., Nifedipine; Rit., ritodrine. 

*Values are mean + SD; number of subjects in parentheses. 

*p < 0.05 (compared with baseline value). 

tp < 0.05 (comparison between values in nifedipine and ritodrine patients at specified interval). 


Table III. Comparison of maternal baseline and 24-hour values for blood urea nitrogen, creatinine, 
calcium, and serum glutamic-oxaloacetic and glutamic-pyruvic transaminase 





Baseline 
Value* Group , (pretreatment) 24 hr 
Blood urea nitrogen Nif 7.1 +21 (n = 23) 4.7 £1.4 (n= 14)t 
(mg/100 ml) Rit 7.5 + 2.8 (n = 24) 66 +29 (n=11) 
Creatinine (mg/100 ml) Nif 0.63 + 0.13 (n = 25) 0.61 + 0.14 (n = 14) 
Rit 0.68 + 0.17 (n = 23) 0.64 + 0.15 (n = 11) 
Calcium (mg/100 ml) Nif 8.9 + 0.4 (n = 25) 8.4 +04 m= 14} 
Rit 8.8 + 0.4 (n = 23) 84 t04 (n= 10} 
Serum glutamic-oxaloacetic Nif 20.3 + 9.5 (n = 26) 14.6 + 10.9 (n = 14) 
transaminase (IU) Rit 18.0 + 8.9 (n = 24) 17.8 + 10.0 (n = 11) 
Serum glutamic-pyruvic Nif 18.0 + 9.0 (n = 26) 10.7 +47 (n= 14)t 
transaminase (IU) Rit 15.4 + 7.2 (n = 23) 12.9 + 5 





8 (n= 11) 


Nif., Nifedipine; Rit., ritodrine. 
*Values are mean + SD; number of subjects in parentheses. 
tp < 0.05 (compared with baseline value). 


Table IV. Comparison of maternal baseline values with interval values for serum levels of sodium, 
potassium, chloride, and bicarbonate and anion gap 











ath Testing interval 
aseline - 
Value* (pretreatment) fe ee | 24 hr 









Sodium Nif 137.0 £2.5(n= 24) 186.1 + 1.6 (a =22t 1362422(n=18) 137.4 + 1.7 (n = 20) 
(mEq/L) Rit 137.5 + 2.4 (n = 22) 137.9 + 2.4 (n = 20) 137.5 + 2.4 (n = 18) 138.4 + 2.2 (n = 17) 
Potassium Nif 3.8 + 0.3 (n = 26) 3.9 + 0.3 (n = 22) 3.8 + 0.3 (n = 21)t 3.8 + 0.3 (n = 21)t 

(mEq/L) Rit 3.9 + 0.2 (n = 25) 3.2 + 0.3 (n = 22)% 3.4 + 0.4 (n = 21)4 3.3 + 0.4 (n = 21) 
Chloride Nif 108.9+2.8(n= 24) 109.7423(n= 22) 1090+2.9(n= 18) 1093+ 2.8 (n = 20)t 
(mEq/L) Rit 107.6 +3.5(n= 22) 109.1 + 2.3 (n =20) 110.4 Æ 2.1 (n = 18)f 111.9 + 3.0 (n = 17)$ 
Bicarbonate Nif 20.5 + 2.7 (n = 24) 20.3 + 2.4 (n =22)} 209422 (n= 18)t 19.9 + 2.2 (n = 20) 
(mEq/L) Rit 21.3 + 2.6 (n = 22) 17.3 + 3.3 (n = 20) 180+27 (= 18) 185 43.5 (n = 17t 
Anion gap Nif 11.5 + 3.9 (n = 24) 10.1 +21(a=22f 101+20(m=21)t 12.0 + 2.4 (n = 20) 
(mEq/L) Rit 12.6 + 3.5 (n= 22) 14.0 + 3.8 (n = 20) 12.5 + 3.3 (n = 18) 11.2 + 4.1 (n = 17) 
Nif., Nifedipine; Rü., ritodrine. 
*Values are mean + SD; number of subjects in parer-theses. 
tp < 0.05 comparison between values in the nifedipine and ritodrine patients at the specified interval. 
tp < 0.05 compared with baseline value. 
The 24-hour values for blood urea nitrogen, creat- with their respective baseline values and compared with 
inine, serum glutamic-oxaloacetic and glutamic-pyruvic the cumulative nifedipine dosage over 24 hours ex- 
transaminase, hematocrit, glucose, sodium, potassium, pressed on a milligram per kilogram basis. There were 


chloride, bicarbonate, and anion gap were compared no significant correlations. 
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Comment 


Nifedipine has been used with increasing frequency 
for the treatment of preterm labor, but the possibility 
that sublingual and oral nifedipine may cause cardio- 
vascular or metabolic alterations had not been inten- 
sively investigated. Neither nifedipine nor ritodrine 
caused a significant change in systolic blood pressure 
during treatment. However, dramatically different re- 
sults were noted between the two agents when diastolic 
and mean arterial pressure changes were evaluated 
(Figs. 1, A and B, and 2). Although statistically signif- 
icant declines in diastolic blood pressure occurred after 
sublingual nifedipine administration, values at the time 
of maximum mean change still represented 92% of 
control and are unlikely to be of physiologic signifi- 
cance. During oral nifedipine administration, diastolic 
pressure also fell, but the decrease was significant in 
only one instance; the value represented 89% of con- 
trol. Diastolic blood pressure decreases during rito- 
drine administration were more dramatic, and the mag- 
nitude and timing of the decreases approximated val- 
ues previously reported when B-adrenergic agents were 
used.” ® The maximum mean decrease (16 torr) oc- 
curred after the 300 g/min infusion rate; the diastolic 
blood pressure at that time was only 77% of control. 
In addition, the pattern of change of diastolic blood 
pressure was different after nifedipine and ritodrine 
tocolysis. During nifedipine therapy, the diastolic pres- 
sure decreased initially but then remained relatively 
stable during additional doses. Conversely, increasing 
infusion rates of ritodrine were associated with pro- 
gressive decreases in diastolic and mean arterial pres- 
sure until the 200 g/min infusion rate was reached, 
at which time they tended to plateau. Increased pulse 
rates were noted in both patient groups. The magni- 
tude of change was markedly different, however, prob- 
ably reflecting the differences in diastolic and mean 
arterial pressure changes. 

The exaggerated response to ritodrine and minimal 
alterations with nifedipine treatment are apparent 
(Table II). Similar differences between tocolytic treat- 
ment groups have previously been reported when in- 
significant cardiovascular changes were found after 
magnesium sulfate administration, compared with dra- 
matic differences found during ritodrine infusion.’ 
Since magnesium sulfate is functionally a calcium chan- 
nel entry blocker, the similar significant differences be- 
tween treatment groups we report in cardiovascular 
responses should perhaps have been expected. 

When sublingual and oral nifedipine therapy are 
compared, it is interesting to note that pulse increases 
occurred 10 minutes after the first sublingual dose, but 
only 20 minutes after successive oral doses. In addition, 
although few significant changes in diastolic or mean 
arterial pressure occurred during oral therapy, when 
they did occur they were not noted before 20 minutes. 
These findings are similar to those noted by Raemsch 
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Fig. 3. Glucose values (A) and hematocrit values (B) (mean + 
SEM) before and during nifedipine or ritodrine tocolysis. 
Solid symbols represent p < 0.05 compared with baseline values. 
Cross, p < 0.05 (comparison between values in nifedipine and 
ritodrine patients at specified interval). 


and Sommer’ and suggest a more rapid absorption 
and distribution of nifedipine after sublingual ad- 
ministration. Our findings support the contention of 
McAllister" that biting the capsule facilitates absorption 
of the liquid drug and lessens the time until the phar- 
macodynamic effects are observed when compared 
with oral administration of an intact capsule with the 
time delay before the capsule dissolves in the stomach 
and the drug is absorbed. 

This report provides the initial documentation of the 
cardiovascular changes of increased pulse rate and de- 
creased diastolic pressure after the sublingual admin- 
istration of nifedipine to treat preterm labor. Similar 
cardiovascular changes were noted with oral adminis- 
tration. The changes after oral administration are con- 
sistent with those reported by Ulmsten,*® who used 30 
mg as the initial dose, but discrepant from results of 
Read and Wellby,* who, using the same dosage sched- 
ule, did not note significant changes in the pulse rate 
or diastolic blood pressure. This discrepancy may be 
related to differences in the timing of measurement of 
the cardiovascular parameters. 

Our study also contrasts the effects on metabolic pa- 
rameters produced by the tocolytic agents nifedipine 
and ritodrine. It is well recognized that nifedipine ad- 
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ministration in nonpregnant patients causes vasodila- 
tation and a resultant increase in plasma and extracel- 
lular volume." The fall in hematocrit, calcium, and 
blood urea nitrogen levels recorded in patients in this 
study is consistent with the recognized vasodilataticn 
and increased plasma volume. Ritodrine also affects 
fluid balance. Hemodilutional decreases in hematocrit 
and colloid osmotic pressure regularly accompany the 
clinical use of B-adrenergic tocolytic agents.™? In tkis 
study ritodrine was noted to cause a fall in calcium and 
a decrease in hematocrit during therapy. The decrease 
in hematocrit exceeded that noted with nifedipine at 8 
hours of therapy. 

We were especially interested in potassium values zf- 
ter nifedipine administration because hypokalemia 
has been documented previously in nonpregnant pa- 
tients receiving nifedipine.” In the patients studied in 
the nifedipine group, potassium levels remained un- 
changed, as did the remainder of the electrolytes stud- 
ied and the anion gap. Conversely, the ritodrine pa- 
tients exhibited the same changes in electrolyte ccn- 


centrations that have been previously documented and , 


discussed.” *'* Therefore differences between treat- 
ment groups in these parameters, when present, were 
the result of alterations of values in the ritodrine pa- 
tients. Because of the lack of change of the bicarbonate 
and anion gap in the nifedipine group of patients it 
thus seems likely that this form of tocolysis is not as- 
sociated with the increases in serum lactate and pyru- 
vate that are commonly seen and responsible for the 
increase anion gap in patients receiving ritodrine.'® " 

There were marked differences in the magnitude of 
response demonstrated between groups for serum glu- 
cose concentrations. Patients in the ritodrine group 2x- 
hibited the classic hyperglycemic response, with max- 
imum values at 8 hours after initiation of infusion, with 
subsequent return toward baseline. Nifedipine patients 
demonstrated a modest degree of hyperglycemia. It 
was important to evaluate nifedipine’s effect on glucose 
levels, because although most studies have documented 
that calcium channel entry blockers do not alter glucose 
homeostasis to a clinically relevant degree, some stad- 
ies, (especially those with glucose loading and nifedi- 
pine doses >30 mg/day) have shown increased blood 
glucose and decreased insulin levels. * The mechanism 
is thought to involve blockade by nifedipine of a 
voltage-dependent “late” calcium channel of the pan- 
creatic B-cell, which normally allows the further ingress 
of calcium and subsequent release of insulin.’* Because 
all patients received a continuous intravenous infusion 
of a 5% glucose solution, we cannot discern if the in- 
creased glucose levels in the nifedipine patients were 
the direct result of nifedipine administration through 
the mechanism outlined above, a result of glucose- 
containing intravenous fluids, or both. The hypergly- 
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cemia noted with ritodrine was certainly much more 
dramatic when compared with that found with nifed- 
ipine administration, suggesting that nifedipine may be 
preferable if glucose homeostasis is a concern. 

We have provided the initial documentation of car- 
diovascular responses after the sublingual use of ni- 
fedipine for tocolysis and evaluated possible metabolic 
changes. On the basis of this study, it appears that the 
use of nifedipine for preterm labor tocolysis is associ- 
ated with hemodilutional changes but not the untoward 
and unwanted cadiovascular or metabolic effects re- 
ported with ritodrine tocolysis. Since animal studies 
with nifedipine have resulted in discrepant findings 
related to uteroplacental perfusion,’* ” a concern that 
presently limits the clinical use of calcium channel— 
blocking drugs is their possible effect on uteroplacental 
blood flow in the human. Carefully controlled human 
investigations that evaluate fetal response to nifedipine 
tocolysis are necessary before nifedipine is considered 
for routine clinical use in human pregnancies. 
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Prolactin levels in umbilical cord blood of human 
infants: Relation to gestational age, maternal complications, 


and neonatal lung function 
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The ontogeny of serum prolactin and its relation to several variables, especially lung function, in 543 
neonates was studied. Umbilical cord serum prolactin levels rose between 24 and 42 weeks’ gestation, 
correlating significantly (p < 0.001) with gestational age (r = 0.44) and birth weight (r = 0.32), Among 
infants of similar ages, however, there was no variation in serum prolactin level as a function of birth 
weight, sex, Apgar scores, or delivery method. Infants of women with pregnancy-induced hypertension had 
higher than normal prolactin levels; infants of diabetic women had normal prolactin levels. At 31.5 to 37 
weeks’ gestation, infants who developed respiratory distress syndrome had lower serum orolactin levels 
than those whose lung function was normal or else was abnormal from causes other than respiratory 
distress syndrome. The risk for respiratory distress syndrome was higher in newborns whose prolactin 
level was low (10th percentile) than in infants whose prolactin level was high (90th percentile). These 
results are suggestive that prolactin may play a role in fetal lung maturation. (AM J OBSTET GYNECOL 


1989;161:795-802.) 
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human fetal lung, pregnancy 


The role of prolactin in lactation and the factors that 
serve to regulate pituitary prolactin production in adult 
humans are reasonably well characterized. On the other 
hand, the determinants of fetal pituitary prolactin pro- 
duction and the role circulating prolactin serves in the 
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developing human are less well established. Two tissues 
in the fetus that may be regulated by prolactin are the 
lung and adrenal cortex. Serum levels of prolactin 
and the weight of the adrenals increase in concert dur- 
ing fetal development,' before the rise in the leci- 
thin/sphingomyelin ratio in amniotic fluid.* Moreover, 
an augmentation of surfactant lipid synthesis in lung tis- 
sue by prolactin has been reported by some, but not all, 
investigators (see reference 3 for review). It also has 
been proposed that prolactin may, along with adreno- 
corticotropin, participate in regulation of adrenal ste- 
roid production in human adults‘ and fetuses.’ If pro- 
lactin does, indeed, stimulate steroid production in the 
fetal adrenals, then prolactin also could play an indirect 
role in fetal lung maturation by means of inducing adre- 
nal secretion of glucocorticoids and/or androgens that 
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are aromatized to estrogens in the placenta; glucocar- 
` ticoids and estrogens have been shown, in turn, to stim- 
ulate surfactant lipid formation in fetal lung tissue.*’ 
Several investigators*"’ have provided evidence in Fa- 
vor of prolactin serving a role in fetal lung maturation 
by virtue. of the observation that serum prolactin levels 
at birth were lower in infants who developed respira- 
tory distress syndrome (RDS) than in infants of similar 
ages who did not develop RDS. More recently, however, 
it has been reported that umbilical cord serum levels 
of prolactin were not lower in newborns who developed 
RDS than in newborns who did not develop respiratory 
distress. Therefore, we have continued to address the 
. relation. between prolactin in the developing fetus and 
several outcome variables and now provide our findings 
in 543 newborn infants, 361 of whom were delivered 
between 24 and 37 weeks of gestation. 


Material and methods 


Mixed umbilical arterial and venous cord blood was 
collected at the time of delivery over a 10-year period 
from newborns selected on the basis of gestational ege 
and the presence or absence of maternal pregnancy 
complications. Since exogenous glucocorticosteroids 
can apparently affect fetal lung maturation and the 
fetal endocrine milieu, we excluded any newborns that 
had been exposed to synthetic glucocorticosteroids 
in utero. After clot formation, the serum was removed 
and stored frozen at —20° C. Serum prolactin was 
quantified by radioimmunoassay procedures described 
previously* that used reagents provided by the National 
Institute of Arthritis, Metabolism, and Digestive Dis- 
eases. The reference preparation was standardized 
against Research Standard A for human prolactin, 
71/222, provided by the Division of Biological Stan- 
dards, National Institute for Medical Research, Lon- 
don. Several assays were conducted to analyze all of zhe 
specimens, with each assay containing samples that 
were unselected with respect to any maternal or new- 
born parameter. The interassay coefficient of variation 
for the prolactin assay was 13%. 

Of the 543 newborns included in this study, 228 were 
delivered of women whose pregnancy was considered 
to be uncomplicated, with the exception of prema- 
ture delivery or prolonged rupture of the mem- 
branes in some; the remaining infants were deliv- 
ered of women whose pregnancy was complicated by 
pregnancy-induced hypertension (n = 144), chronic 
hypertension (n = 22), diabetes (n = 43), or an as- 
sortment of other complications (n = 106). One hun- 
dred twenty-one of the newborns were the products of 
multiple gestations. Gestational ages of the 543 new- 
borns ranged from 24 to 42 weeks since the onse: of 
the last menstrual period and were determined by use 
of multiple clinical obstetric and fetal ultrasonographic 
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criteria. Clinical obstetric criteria included a combina- 
tion of the onset of the last normal menses, an early 
estimation of uterine size, fetal heart tones detected 
with a fetoscope at 13 to 20 weeks’ gestation, quickening 
at 16 to 20 weeks’ gestation, and concordance of uterine 
fundal height measurements between 20 and 30 weeks’ 
gestation. Lung function of the newborns was deter- 
mined by attending neonatologists who had ro knowl- 
edge of the outcome of serum prolactin analyses. Lung 
function was normal in 370 of the infants whereas RDS 
was diagnosed in 90 infants and transient tachypnea or 
other respiratory abnormalities were diagnosed in 55 
infants. The criteria used for establishing the diagnosis 
of RDS included the presence of grunting respirations 
and retractions, an increased oxygen requirement 
(Fio, > 0.4), a chest radiograph and laboratory find- 
ings consistent with a diagnosis of RDS, and exclusion 
of other causes of respiratory distress, especially pneu- 
monia and/or sepsis. 

Data pertaining to indices of lung function were in- 
conclusive in 28 infants; serum prolactin levels of these 
infants were therefore excluded from analyses con- 
cerning lung function. By means of retrospective chart 
review, we also compiled data concerning Apgar scores 
(at 1 and 5 minutes), sex, birth weight, and delivery 
method (vaginal or cesarean section) on most (288% 
for each category above) of the newborns. The rela- 
tionships between serum prolactin and various new- 
born outcome variables, maternal complications, and 
gestational age were evaluated by means of several sta- 
tistical methods, including analysis of variance, multiple 
range ¢ test, Student’s ¢ test, linear regression analysis, 
and logistic regression analysis. The protocol was re- 
viewed and approved by the Institutional Review Board 
of the University of Texas Health Science Center at 
Dallas. 


Results 


Ontogeny of prolactin in newborn serum. When in- 
dividual umbilical cord serum levels of prolactin were 
analyzed as a function of gestational age at delivery, a 
highly significant positive correlation was noted 
(r = 0.44, p < 0.001). A highly significant positive cor- 
relation was also observed between umbilical cord se- 
rum levels of prolactin and birth weight (r = 0.32, 
p < 0.001). When serum prolactin levels were subdi- 
vided according to gestational age groups (Table I), we 
found a highly significant variation as a function of 
gestational age (F = 29.5, p < 0.001). Serum levels of 
prolactin were significantly lower in infants whose ges- 
tational age was =28 weeks than in older newborns. 
Levels were significantly higher in infants having a ges- 
tational age that exceeded 34 weeks than in those de- 
livered between 24 and 34 weeks of gestation. Whereas 
there was a significant correlation between birth weight 
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Table I. Developmental changes in umbilical cord serum levels of prolactin 






Gestational age group 











28.5-31 wk 315-34 wk 345-37 wk 375-42 wh 


Prolactin (ng/ml) 93 + IP 195 + 24° 215 + 13° 267 + 10° 313 + 10? 
Birth weight (gm) 837 + 35 1326 + 38 1782 + 34 2370 + 41 3011 + 51 
n f 37 43 117 164 182 








Data are presented as the mean + SE. Prolactin levels having different superscripts are significantly different (p < 0.05). 





Table II. Relation of umbilical cord serum levels of prolactin to maternal health 






Gestational age group 











24-28 wk 28.5-31 wk 31.5-34 wk 34.5-37 wk 37.5-42 wk 





Uncomplicated pregnancy 92+) 158 + 19 188 + 15 247 + 17 279 + 15 
(n = 19) (n = 26) {n = 58) {n = 63) in = 62) 
Pregnancy-induced hypertension 108 + 14 364 + 89* 241 + 28* 291 + 18* 343 + 20+ 
i (n = 3) (n = 8) (n = 33) (n = 56) in = 44) 

Chronic hypertension — — 289 + 37 317 + 91 345 + 33 
(n = 3) (n = 5) in = 14) 

Diabetes — 132 + 71 205 + 83 241 + 25 288 + 20 
on (n = 2) (n = 2) (n = 19) in = 20) 





Data are presented as the mean + SE, The number of infants in each group is indicated in parentheses. 
*p < 0.05 compared with value for uncomplicated pregnancy. 
tp < 0.01 compared with value for uncomplicated pregnancy. 


and serum prolactin levels for the entire group, the 
relation between these two variables among individuals 
within the same peranane age group was not sig- 
nificant. 

Relation of umbilical cord serum levels of prolactin 
to maternal pregnancy complications. Umbilical cord 
serum levels of prolactin in newborns of women having 
no pregnancy complications are compared with those 
in infants of women with hypertension (chronic or 
pregnancy-induced)’ or diabetes in “Table II. Within 
each gestational age group, cord prolactin levels from 
newborns of women with pregnancy-induced’ hyper- 
tension exceeded those from infants of women with 
normal pregnancies; these differences were statistically 
significant at all gestational periods except for infants 
delivered before 28.5 weeks of gestation. Serum levels 
of prolactin from newborns of women with chronic 
hypertension tended to be higher than those in infants 
delivered of women with a normal pregnancy; because 
of the small number of infants of women with chronic 
hypertension, however, the differences were not sig- 
nificant. Serum prolactin levels from infants of women 
with diabetes were similar to those from infants deliv- 
ered of women with uncomplicated pregnancies. 

Relation of umbilical cord serum levels of prolactin 
to intrauterine growth, Apgar scores, newborn sex, 
and delivery method. As shown in Table IIÍ, small- 
for-gestational-age infants had serum prolactin levels 
that were similar to those in appropriately grown in- 
fants. Also prolactin levels in newborns having Apgar 


scores <7 at 1 or 5 miriutes were similar to those in 
infants with Apgar scores =7. Within each gestational 
age group, male and female infants had similar levels 
of prolactin in the umbilical cord serum. With the ex- 
ception of infants delivered at or before 28 weeks of 
gestation, serum prolactin levels also were similar in 
those delivered vaginally and in those delivered by ce- 
sarean section. 
` Relation of umbilical cord serum levels of prolactin 
to newborn lung function. As shown in Fig. 1, umbilical 
cord serum leyels of prolactin tended to be lower in 
infants who subsequently developed RDS than in new- 
borns who did not develop RDS. The deficiency in se- 
rum prolactin levels among infants that developed re- 
spiratory problems was specific to RDS since newborns 
who had other causes of respiratory distress, such as 
transient tachypnea, were not significantly different 
from those in whom lung function was normal. Um- 
bilical cord serum levels of prolactin were significantly 
lower in the RDS group than in newborns who did not 
develop RDS between 31.5 and 37 weeks of gestation. 
During the intervals of 31.5 to 34 and 34.5 to 37 
weeks of gestation, there were no significant differences 
in birth weights of the newborns as a function of their 
respiratory status (Table IV). On the other hand, the 
mean gestational age of newborns who developed RDS 
was slightly lower than that of infants whose lung func- 
tion was normal (Table IV). Nevertheless, the defi- 
ciency in serum prolactin levels among the newborns 
who developed RDS was not attributable to the fact that 


798 Parker et al. 


September 1989 
Am J Obstet Gynecol 


Table III. Umbilical cord serum levels of prolactin as a function of Apgar scores, newborn sex, and 


delivery method 












"24-28 wk 


Growth 
AGA 97 + 12 191 + 23 
(n = 30) (n = 39) 
SGA 83 237 + 143 
(1 = 1) (n = 4) 
1 min Apgar score 
27 109 + 27 170 + 29 
{n = 4 (n = 14) 
<7 101 + 14 214 + 38 
(n = 23) (n = 23) 
5 min Apgar score 
=7 96 + 20 206 + 30 
(n = 7)" (n = 26) 
<7 105 + 16 178 + 51 
(n = 20) {n = 11) 
Sex i 
Male 109 + 19 159 = 18 
š (n = 16) {n = 18) 
Female 79 + 15 238 = 43 
(n = 14) (n = 21) 
Delivery method i 
Vaginal 80 +8 165 = 20 
; (n = 32) (n = 27) 
Cesarean section 143 + 42* 246 = 53 
(n = 4) (n = 16) 


285-31 wk 





Gestational age group 









315-34 wk 34.5-37 wh 37, 5-42 wh 


213 + 14 261 + 1I 322 + 12 
(n = 98) (n = 123) (n = 121) 
218 + 28 290 + 2] 309 + 22 
(n = 20) (n =°42) (n = 54) 
255 + 18 276 + lI 313 + 10 
(n = 63) (n = 118) (n = 150) 
221 + 28 312 + 28 . 315 £ 27 
(n = 27) (n = 26) (n = 27) 
253 + 16 280 + 10 316 + 10 
(n = 81) (n = 137) (n = 169) 
166 + 28 323 + 82 259 = 33 
(n = 9) (n = 7) (n = 8) 
240 + 20 268 + 13 318 + 14 
(n = 51) (n = 82) (n = 84) 
232 + 22 287 + 16 311 + 13 
(n = 45) (n = 65) (n = 96) 
217 + 16 277 + 13 313 + 13 
(n = 83) (n = 104) (n = 113) 
212 + 22 250 +15 312 + 14 
= 33) (n = 60) (n = 68) 


Data are presented as the mean + SE. The number of infants in each group is indicated in parentheses. AGA, Appropriate 
for gestational age (=10th percentile); SGA, small for gestational age (<10th percentile according to Brenner et al."*). 

*Serum prolactin levels are higher in infants delivered by cesarean section than in those delivered vaginally at 24 to 28 weeks 
(p < 0.05). All other comparisons at each gestational period are not significantly different (p >0.05). 


their gestational age was somewhat less than that of the 
other two groups of newborns. This obtains because 
the weekly rate of increase in serum prolactin levels for 
all newborns during the gestational period of study was 
computed to be 13.1 ng/ml, a value much lower than 
the mean difference between serum prolactin levels in 
the RDS group and levels in either the normal group 
or the abnormal, non-RDS group (Fig. 1). At these 
two gestational periods, the proportion of small-for- 
gestational-age infants was not greater in the normal 
lung function group than in the RDS group (Table IV). 

Since it has been suggested that maternal pregnancy- 
induced hypertension and/or impaired intrauterine 
growth might be somewhat protective against the de- 
velopment of RDS, we sought to determine whether 
such might be the case in our cohort of infants. During 
the interval of 31.5 to-34 weeks, the proportion of naw- 
borns of normal women having RDS was 30.7% (25 of 
75), and that of newborns of women with pregnancy- 
induced hypertension was 29.4% (10 of 34). During the 
interval of 34.5 to 87 weeks, again the proportior of 
newborns having RDS in both groups was similar: ror- 
mal women, 5.1% (4 of 79); women with pregnancy- 


induced hypertension, 4.2% (2 of 48). On the other 
hand, newborns of women having pregnancy-induced 
hypertension were more prone to be  small-for- 
gestational-age {31.5 to 34 weeks, 44.1% (15 of 34); 
34.5 to 37 weeks, 35.4% (17 of 48)] than were those of 
women having uncomplicated pregnancies [31.5 to 34 
weeks, 6. 7% (5 of 75); 34.5 to 37 weeks, 24.1% (19 of 
79)]. Among small-Zor-gestational-age infants, the pro- 
portion of those having RDS was similar among new- 
borns delivered of women having normal pregnancies 
(6 of 24) and those delivered of women with pregnancy- 
induced hypértension (5 of 32). 

On the basis of our observation of an obvious ten- 
dency of premature newborns who developed RDS to 
have the lowest serum levels of prolactin, we subjected 
the data for prolactin and lung function to logistic 
regression analysis. As shown in Fig. 2, we found that 
the estimated probability of RDS developing in a new- 
born having a prolactin level at the 10th percentile for 
our population at any given gestational age was greater 
than that for an infant whose prolactic level i is ‘equal to 
the 50th percentile. 

On the other hand, the probability of developing 
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Fig. 1. Relationship between umbilical cord serum levels of prolactin and lung function in the 
neonate. Serum prolactin levels were subdivided according to gestational age and to lung function. 
Number of infants in each group is indicated at bottom of each bar. The data are presented as the 
mean = SE. Double asterisk, p < 0.01 compared with RDS group; single asterisk, p < 0.05 compared 


with RDS group. 


Table IV. Relation of birth weight and gestational age to neonatal lung function in newborns delivered at 


31.5 to 37 weeks of gestation 














Gestational age group Normal 
315-34 wk. o 

Gestational age (wk) 33.3 + 0.73 

Birth weight (gm) 1854 + 388 

SGA (%) i © 14 
34.5-37 wk. ` 5 : 

Gestational age (wk 36:0 + 0.81 

Birth weight (gm) 2358 + 488 

SGA (%) . 20 







Newborn lung function 





Abnormal, 
non-RDS 





RDS 


32.5 + 0.77* 32.7 + 0.67 
1663 + 31S 1755 + 315 
20 13 
35.6 + 0.64 35.9 + 0.71 
2512 + 735 2160 + 650 
28 39 











Data are presented as the mean + SD. SGA, Small for gestational age (<10th percentile according to Brenner et al.'’). 
*p < 0.05 compared with value for newborns with normal lung function. 


respiratory distress syndrome is lower in a newborn 
having a high prolactin level (90th percentile) than in 
an infant whose prolactin level is equal to the 50th 
percentile. For example, at 30.5 weeks of gestation, the 
probability of RDS developing in an infant whose pro- 
lactin level is at the 10th percentile was computed to 
be 79%, that of an infant having a prolactin level at the 
50th percentile was 66%, and that of an infant having 
a prolactin level at the 90th percentile was only 30.5%. 


At 34 weeks of gestation, the estimated probabilities of 
developing RDS at the 10th, 50th, and 90th percentiles 
for prolactin are 37%, 20%, and 6%, respectively. 


Comment 

In this study we found that the concentrations 
of prolactin in umbilical cord serum rose approxi- 
mately threefold during the last trimester of gestation. 
The qualitative and quantitative aspects of these data 
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Fig. 2. Relationship between serum prolactin levels at birth 
and probability of developing RDS. Data for individual serum 
prolactin levels and for presence or absence of RDS were 
subjected to logistic regression analysis. Estimated probability 
of an infant developing RDS is plotted as a function of ges- 
tational age for newborns whose umbilical cord serum level 
of prolactin is equal to the 10th, 50th, and 90th percentile For 
the population that we studied. 


are in general agreement with those reported previ- 
ously."**" Although there was a significant correlation 
throughout the entire gestational period of study be- 
tween umbilical cord serum levels of prolactin and birth 
weight, we found no correlation between these vari- 
ables among infants of similar gestational ages. Thus 
serum prolactin levels appear to correspond generally 
to developmental stage but are not appreciably influ- 
enced by the factor(s) that contribute to the extent of 
fetal growth at any given period of gestation. Also, 

whereas serum prolin levels are believed to be influ- 
enced by acute stress," we found no relation between 
umbilical cord serum prolactin levels and Apgar scores 
of the newborn infants. On the other hand, we (ref- 
erence 15 and the present study) and others’! have 
noted that serum prolactin levels in newborns of 
women with pregnancy-induced hypertension were sig- 
nificantly increased over those of newborns of women 
with normal pregnancy. A trend toward relative hy- 
perprolactinemia also was noted in newborns of wormen 
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with chronic hypertension. Such findings are suggestive 
that chronic intrauterine stress associated with various 
forms of maternal hypertension may lead to increased 
fetal prolactin production. In contrast to the recent 
report of Saltzman et al.,’* however, we found no in- 
hibitory effect of maternal diabetes on newborn pro- 
lactin levels either at or before term. The reasons for 
these discrepant findings are unclear at present but may 
be related to possible differences in the diabetic classes 
represented in the two studies. 

In agreement with the results of our prior. study® and 
those of several other investigatots,*"! we find that new- 
borns who subsequently develop RDS have a relative 
deficiency in serum prolactin levels at birth when com- 
pared with infants of similar ages who have normal 
lung function. The differences among these two groups 
of newborns aré most apparent during the interval of 
31.5 to 37 weeks of gestation. Because of the large 
number of premature infants in our study, we were 
able to perform logistic.regression analysis on the re- 
lationship between umbilical cord serum levels of pro- 
lactin and lung function. On the basis of the-results of 
these analyses, it seems reasonably clear that during the 
latter third of pregnancy the risk that RDS will develop 
is considerably less in a newborn who las a high serum 
prolactin level than in a newborn of similar age who 
has a low serum prolactin level. 

Our current data also’ are suggestive that the prolac- 
tin deficit is specific to the occurrence of RDS; newborns 
who developed other types of respiratory problems had 
prolactin levels that were similar to those from new- 
borns with normal lung function, but were significantly 
higher, at least between 31.5 and 37 weeks of gestation, 
than those from newborns who developed RDS. We are 
cognizant of the difficulty in differentiating between 
mild RDS and other respiratory abnormalities. There- 
fore, if some of the infants diagnosed with respiratory 
distress from causes other than RDS (who also tended 
to have normal or even elevated prolactin levels) ac- 
tually did have RDS, then the deficiency in prolactin 
levels associated with RDS might be less apparent. On 
the other hand, if the RDS group contained infants 
who had respiratory distress from non-RDS causes, 
then the prolactin levels associated with true RDS might 
be even lower than we observed. It is likely that any 
errors in diagnosis would tend to be balanced in such 
a manner that our data are representative of meaning- 
ful physiologic differences between infants who de- 
velop RDS and those who develop other causes of re- 
spiratory distress. Among our selected group of new- 
borns, those who were small-for-gestational-ageé were 
not found to be protected against RDS; the incidence 
of small-for-gestational-age was somewhat higher in 
those with RDS than among infants having normal lung 
function. Also, among this selected population, the in- 
cidence of RDS in newborns of women with pregnancy- 
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induced hypertension was not lower than that in 
similar-aged infants of normal women. 

In addition to the relationship between low serum 
prolactin levels in the newborn and the development 
of RDS that has been demonstrated in this study, as 
well as others,*" there also are reports that are sugges- 
tive of stimulatory effects of prolactin on the fetal lung, 
particularly in the production of surfactant lipids (see 
reference 3). Some investigators, however, have failed 
to detect any effect of prolactin on the developing lung 
(see reference 3). Other hormones also appear to par- 
ticipate in the induction of fetal lung maturation.® 7 
Moreover, since the effects of prolactin on human fetal 
lung tissue have been evident in vitro only in the pres- 
ence of other hormones (see reference 3), it seems likely 
that fetal lung maturation is subject to multifactorial 
regulation. i 

We believe that the human fetal adrenals play a role 
in the timing of the onset of surfactant production and 
fetal lung maturation, The human fetal adrenals pro- 
duce glucocorticosteroids and large quantities of de- 
hydroepiandrosterone sulfate,” which serves as pre- 
cursor to placentally formed estrogens. Prolactin pro- 
duction in the pituitary of adult humans is stimulated 
by estrogens.’ Thus at least three substances that have 
been suggested to participate in fetal lung maturation, 
i.e., glucocorticosteroids, estrogens, and prolactin, are 
produced directly or indirectly as a result of fetal ad- 
renal activation. During the latter third of gestation, 
the human fetal lungs are exposed to ever-increasing 
quantities of estrogens, particularly estriol,” glucocor- 
ticosteroids,* and prolactin. * * Coordinated pro- 
duction of all of these hormones and other factors, such 
as thyroid hormones,’ may be required for the orderly 
maturation of the fetal respiratory apparatus. Disrup- 
tion in the timely production of all or perhaps only 
some such substances may lead to delays in the matu- 
ration of the fetal lungs. We have found subnormal 
lecithin/sphingomyelin ratios in amniotic fluid of 
infants with hypoplastic adrenals caused by anence- 
phaly*'; Naeye et al.” have found morphologic evi- 
dence for lung immaturity in such infants. Moreover, 
deficiencies of estriol'* ** and cortisol” have been ob- 
served in infants who subsequently develop RDS. On 
the other hand, we have found that high umbilical 
cord serum levels of estriol (>90th percentile) are 
correlated with a low incidence of RDS in premature 
infants.” 

On the basis of the findings of this study and the 
above considerations, we propose that prolactin, in ad- 
dition to other factors, may play a role in lung matu- 
ration in the developing human fetus. We further sug- 
gest that pharmacologic induction of lung maturation 
in utero might be more successful if the agent(s) ad- 
ministered also possibly lead to increases in serum levels 
of prolactin and other hormones, such as estrogens 
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(rather than reduced estrogen formation that occurs 
after glucocorticosteroid administration™). 


We thank Kim Rivera and Jodie Roberts for excellent 


_ technical assistance and Barbara Quinnelly for editorial 


help. 
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Amniotic fluid leukotaxis assay as an early indicator 


of chorioamnionitis 


Glenn A. Pankuch, BS, Peter H. Cherouny, MD, John J. Botti, MD, and 


Peter C. Appelbaum, MD, PhD 
Hershey, Pennsylvania 


A characteristic feature of histologic chorioamnionitis caused by ascending infection is the amniotropism 
displayed by polymorphonuclear leukocytes in the placental membranes. We tested the hypothesis that 


amniotic fluid from patients with histologic chorioamnionitis and intact membranes without clinical infection 
contains leukoattractants detectable by an in vitro leukotaciic assay. Leukoattractants were detected in 13 
cases (87%) and absent in 2 cases (13%) with histologic chorioamnionitis (p < 0.005). The two cases with 
histologic chorioamnionitis that had negative leukotaxis we-e classified as stage 1/mild severity. A positive 


leukotactic response was a better predictor of histologic chorioamnionitis (87%) than positive Gram stain 
(33%), amniotic fluid culture (53%), gas-liquid chromatography (40%), or a combination of these three 
methods (60%). These results suggest that demonstration of leukoattractants in amniotic fluid is an earlier 
and more sensitive predictor of chorioamnionitis than is presently available. (Am J OBSTET GYNECOL. 


1989;161:802-7.) 
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Preterm birth is the major cause of perinatal mor- 
bidity and mortality. A predisposing cause cannot be 
found in most cases, thus making prevention difficult. 
Abundant research suggests that subclinical intrauter- 
ine infection is the cause of preterm labor.' However, 
clear understanding of the role of infection is ham- 
pered by traditional diagnostic tests, which are ofzen 
insensitive and nonspecific.* 
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Histologic examination of the placenta for chorioam- 
nionitis is often used to exclude intrauterine exposure 
of the fetus to infection. Unfortunately, this informa- 
tion is only available after delivery. Histologic cho- 
rioamnionitis is an inflammatory lesion of the placental 
and extraplacental fetal membranes that is frequently 
found after antenatal death and preterm birth.** The 
cause of chorioamnionitis has long been considered to 
be infectious. This view has not been universally ac- 
cepted because correlation with clinical infection is poor 
and investigators have often failed to recover bacteria 
from the majority of inflamed placentas.* However, 
more recent studies using techniques that optimally cul- 
ture for aerobes, anaerobes, chlamydia, and genital my- 
coplasmas have been able to demonstrate microorgan- 
isms by culture or serology in most cases of histologic 
chorioamnionitis.”” 
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A characteristic feature of histologic choricamnio- 
nitis is the amniotropism displayed by polymorpho- 
nuclear leukocytes in the extraplacental membranes, 
placenta, and umbilical cord. This suggests that dif- 
fusible leukotactic factors are released into the amniotic 
fluid or at membrane surfaces as part of the inflam- 
matory response.’ Although it is true that the placental 
inflammation that characterizes chorioamnionitis is 
nonspecific for a particular microorganism, in the ma- 
jority of cases it is caused by intrauterine exposure to 
infectious agents in general. Therefore, an assay system 
designed to detect a broad range of leukoattractants in 
amniotic fluid should reflect chorioamnionitis and, in- 
directly, infection. To develop this system we have in- 
vestigated use of a leukotactic assay as modified from 
Nelson et al.* The assay is based on the migration of 
polymorphonuclear leukocytes beneath an agarose gel 
in a random or directed manner in response to a leu- 
kotactic gradient, and is sensitive to a wide range and 
concentration of leukotactic factors.’ 

The purpose of this study is to evaluate the ability 
of the leukotaxis assay to predict histologic chorioam- 
nionitis in asymptomatic patients with intact mem- 
branes. The assay is also compared with traditional mi- 
crobiologic tests for infection. 


Material and methods 


Patients. Thirty-two amniotic fluid specimens were 
collected from 32 patients by transabdominal amnio- 
centesis or needle amniotomy at cesarean section. Spec- 
imens were obtained after informed consent from pa- 
tients who were delivered at The Milton §. Hershey 
Medical Center of The Pennsylvania State University. 
The study protocol was approved by the university 
committee on clinical investigation. 

All patients had intact membranes and were without 
evidence of clinical infection’ when fluid was obtained. 
Each patient was delivered within 48 hours of amnio- 
centesis (mean + SD) (gestational age, interval between 
fluid collection and delivery 32 + 4 weeks’ gestation 
and 8 + 11 hours, respectively). Excluded from study 
were all cases of multiple gestation, polyhydramnios, 
and patients receiving antibiotics or immunosuppres- 
sants within 3 weeks of admission. Preterm labor was 
defined as four or more uterine contractions in 20 min- 
utes associated with cervical change in patients with 
gestations of <37 weeks’ gestation. 

Initial processing and culture of amniotic fluid. 
Amniotic fluid was processed within 1 hour of collec- 
tion. It was anticipated that some specimens would ar- 
rive at night. When delays of >1 hour but <12 hours 
occurred, a portion of the sample was reserved for 
bacterial culture and Gram stain by inoculating a Port- 
A-Cul vial (BBL Microbiology Systems, Cockeysville, 
Md.). Vials were kept at room temperature until cul- 
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tured. Specimens stored =12 hours were not used. The 


remaining fluid was then refrigerated (4° C) until it 
could be processed as described below for gas-liquid 
chromatography (GLC), leukotaxis assay, and Myco- 
plasma culture. 

After Gram staining,’’ each amniotic fluid was cul- 
tured as described below for aerobic and anaerobic bac- 
teria. After culture, 1 ml of fluid was removed for GLC 
(details described below). The remaining fluid was then 
centrifuged for 10 minutes at 1000 g. Supernatants 
were removed and frozen (— 70° C) for the leukotaxis 
assay. The resultant pellet was then examined for poly- 
morphonuclear leukocytes and red blood cells after 
Wright's staining and cultured for Mycoplasma hominis 
and Ureaplasma urealyticum. For genital mycoplasma cul- 
ture, 10 wl of the pellet was inoculated into urease color 
test broth U9C. Three tenfold serial dilutions were then 
prepared in U9C broth (incubated aerobically at 37° C 
for 21 days).'? Ten microliters of the pellet and 10 pl 
from each serial broth dilution were spread onto A8 
differential agar medium (incubated anaerobically in a 
glove box) (Coy Laboratory Products, Ann Arbor, 
Mich.) at 37° C for 21 days. Blind passage of negative 
broth cultures was performed on days 3 and 7 of in- 
cubation. Both USC broth and A8 agar’ were prepared 
from quality-controlled components. 

Aerobic and anaerobic bacteria were cultured by 
spreading 0.1, 0.01, and 0,001 ml aliquots of uncen- 
trifuged amniotic fluid in duplicate on the following 
media: trypticase soy agar with 5% sheep blood (BBL 
Microbiology Systems) (incubated aerobically at 37° C 
for 72 hours); chocolate agar (BBL Microbiology Sys- 
tems) (incubated in 5% to 10% carbon dioxide at 
37° C for 72 hours); prereduced chopped meat glucose 
broth (Scott Laboratories, Fiskeville, R.I.); enriched 
brucella blood and laked blood agars" (incubated an- 
aerobically in a Cov glove box at 37° C for 21 days) 
(Coy Laboratory Products). The number of polymor- 
phonuclear leukocytes, red blood cells, and bacteria in 
stained smears was examined by trained technologists 
and recorded as follows: few = <1 cell per oil immer- 
sion field; + = 1 cell per oil immersion field; + + = 2 
to 4 cells per oi! immersion field; + ++ = 5 to 30 cells 
per oil immersion field; + + + + = >30 cells per oil 
immersion field. Smears were considered positive for 
polymorphonuclear leukocytes if =1 polymorphonu- 
clear leukocyte/oil immersion field was found in the 
absence of red blood cells. Microcrganisms were iden- 
tified as described in standard texts.'? 

Because a previous study at our institution failed to 
detect Chlamydia trachomatis by culture and serologic 
testing in our patient population,’® these organisms 
were not studied. Viruses were not examined because 
no correlation has been found between acute chorioam- 
nionitis and elevated maternal antibody titers during 
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Fig. 1. Migration patterns of neutrophils obtained by incubating polymorphonuclear leukocytes in 
the central well. The well containing amniotic fluid is at the top, and the well containing basal 
medium Eagle is off the bottom of the photograph. A, Negative leukotaxis; B, positive leukotaxis. 


(Original magnification x 12.) 


pregnancy against those viruses most frequently in- 
fecting the placenta and fetus.’ 

GLC of amniotic fluid. Specimens were extracted 
and analyzed for volatile and nonvolatile organic acids 
using standard procedures.'' Uninoculated controls 
treated the same as test samples were run with each 
analysis. Extracts were analyzed on a CAPCO mcdel 
700 gas chromatograph (DODECA, Fremont, Calif.) 
equipped with a thermal conductivity detector.” 

Histology. After delivery sections of the central and 
peripheral area of the placenta, the umbilical cord, and 
rolled section of fetal membranes wre fixed in buffered 
formalin and stained with hematoxylin and eosin. His- 
tologic chorioamnionitis was defined as the accumula- 
tion of polymorphonuclear leukocytes in the intezvil- 
lous space immediately below the chorionic plate. The 
inflammatory process was classified both by stage and 
severity as described elsewhere." 

Leukotaxis assay. Details of the assay appear in 
Chenoweth et al. Briefly, glass microscopic slides 
(Fisher Scientific, Springfield, N.J.) were coated with 
gelatin (Difco Laboratories, Detroit) and air dried. Five 
ml of agarose (Sigma Chemical Co., St. Louis) contain- 
ing gelatin (Difco) and basal medium Eagle (GIBCO 
Laboratories, Grand Island, N.Y.) was layered onto 
each slide and allowed to solidify. Three precisely 
spaced circular wells were then cut-into agarose gel with 
the aid of a specially made punch and template.’ Ten 


microliters of the test amniotic fluid were placed into 
one of the outer wells and basal medium Eagle (control) 
in the other. Finally, 10 wl of human polymorphonu- 
clear leukocytes suspended in basal medium Eagle 
(1 x 10° polymorphonuclear leukocytes per milliliters) 
were placed into the central well. The slide was incu- 
bated at 37° C in an atmosphere containing 5% carbon 
dioxide in air. After a 2-hour incubation period the 
slide was removed and fixed in anhydrous methanol. 
After fixation the gel was removed from the slide intact. 
The fixed cells on the slide surface were stained with 
Wrights stain and air dried. The cost and time required 
to complete the assay are approximately $2 per test and 
8 hours, respectively. 

Measurements of the distance polymorphonuclear 
leukocytes migrated toward the well containing amni- 
otic fluid compared with the distance migrated in re- 
sponse to the control (neat basal medium Eagle) were 
assessed qualitatively and semiquantitatively (Fig. 1). 
Qualitative assessment of the migratory pattern (+ or 
—) was performed under a hand lens (x4 magnifica- 
tion). Migratory distances were semiquantified with a 
microscope (American Optical Corporation, Buffalo, 
N.Y.) equipped with a calibrated ocular micrometer 
(x 100). Direct migration (A) was defined as the fur- 
thest point (linear distance) that three neutrophils in 
the same plane moved from the margin of the central 
well toward the outer well containing the test amniotic 
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Table I. Comparison between placental histology and laboratory tests of amniotic fluid from patients who 
were delivered within 48 hours of amniocentesis* 

















Histologic Leukotaxis Polymorphonuclear 
chorioamnionitis — assay leukocytest 
Present 15 13 (87)§ 11 (73)§ 
Absent . 17 1 (6) 0 


No. of positive laboratory tests (%) 








Combined 
microbiologic 
testst 










Gram stain 


5 (33)f 
0 


Culture 


6 (40) 
9 


8 (53)8 
0 


9 (60)§ 
0 


*Amniotic fluid from patients with intact membranes, without clinical infection. 


{Considered positive if =1 polymorphonuclear leukocyte per oil immersion field in finid pellet. 


+21 test(s) (culture, Gram stain, GLC) positive. 
Sp < 0.005, 

jp < 0.01. 

{p < 0.025. 


fluid. Similarly, spontaneous migration (B) was defined 
as the distance toward the outer well containing the 
control basal medium Eagle. From these measurements 
the chemotactic index (CI) was calculated (CI = A/B).8 
Experiments were run in triplicate. The calculated 
chemotaxic index for each amniotic fluid was the mean 
of all three experiments. Fluids with a chemiotaxic index 
of 21.2 were considered positive. Positive and negative 
controls were included with each experiment as a check 
on assay performance. The positive control was an am- 
niotic fluid from a patient whose placenta showed ev- 
idence of histologic chorioamnionitis (stage I1]-severe) 
and the negative control was amniotic fluid from a pa- 
tient without histologic chorioamnionitis. To test the 
effects of storage, five positive and five leukotaxis- 
negative fluids were stored at — 70° C for 2 months. 
Fluid testing was pertormed without prior knowledge 
of results from histologic examination or clinical fea- 
tures of the case. l 

Statistical comparisons. Statistical comparisons were 
tested at the 5% level of significance (p = 0.05) using 
the Fisher's exact test. The diagnostic accuracy of lab- 
oratory tests was defined by sensitivity, specificity, and 
efficiency." 


Results 


A comparison between placental histology and lab- 
oratory tests of amniotic fluid is shown in Table I. His- 
tologic chorioamnionitis was found in 15 placentas, arid 
correlated well with leukoattractants in amniotic fluid 
and, to a lesser extent (in decreasing order) with poly- 
morphonuclear leukocytes in fluid pellets, culture, 
GLC, and Gram stain. The breakdown by histologic 
stage/severity was as follows: stage I-mild (two pla- 
centas), stage I~moderate (three placentas), stage I- 
mild (one placenta), stagé []~moderate (two placentas), | 
and stage IIJ—severe (seven placentas). The leukotaxis 
assay was positive in 13 cases (87%) and negative in 
two cases (13%) with histologic chorioamnionitis (p < 


0.005). The two cases with histologic chorioamnionitis 
that had negative leukotaxis were classified as stage 
I/mild severity. 

Anintotic fluid cultures were positive in eight (53%) 
of the cases with histologic chorioamnionitis. Each fluid 
yielded a single isolate. Organisms recovered included 
Fusobacterium nucleatum (six fluids), microaerophilic 
streptococci (one fluid), and U. urealyticum (one fluid). 
The leukotaxis assay was positive in each of the culture- 
positive fluids. In every case in which positive poly- 
morphonuclear leukocytes were found in fluid pellets, 
leukotaxis assays and histologic chorioamnionitis were 
positive. However, in two cases leukoattractants and 
histologic chorioamnionitis were found without signif- 
icant numbers of polymorphonuclear leukocytes in 
fluids. 

Leukoattractants were found in four fluids in which 
the combined results of culture, Gram stain, and GLC 
were negative (Table I). Fluid pellets of all four were 
positive for polymorphonuclear leukocytes and all 
matching placentas had histologic chorioamnionitis. 
The breakdown by histologic stage-severity was as fol- 
lows: stage I—moderate (one placenta), stage []~mild 
(one placenta), and stage III-severe (two placentas). 

Histologic chorioamnionitis was not detected in as- 
sociation with, one leukotaxis-positive fluid from a pa- 
tient who was delivered preterm (Table 1). All other 
laboratory tests on this fluid were negative. This patient 
was not in labor at the time of amniocentesis, which 
was performed for fetal distress. After delivery histo- 
logic examination of the placenta revealed recent in- 
farction. A comparison of the diagnostic accuracy of 
each laboratory test as a predictor of histologic cho- 
rioamnionitis is shown in Table Il. 

A positive leukotaxis result was associated with de- 
livery within 48 hours in every case. Thirteen (93%) of 
the leukotaxis-positive fluids were from patients with 
preterm labor at amniocentesis. One leukotaxis-positive 
fluid was from a patient not in labor; infarction was 
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Table Il. Sensitivity, specificity, and efficiency of laboratory tests of amniotic fluid for 


histologic chorioamnionitis* 






























Leukotaxis assay leukocytest 


Sensitivity (%) 87 73 
Specificity (%) 94 100 
Efficiency (%) , 91 88 


Polymorphonuclear 


Combined 
microbiologic 
tests 






Culture Gram stain 








153 40 33 -60 
100 100 100 100 
78 72 69 81 








*Amniotic fluid from patients with intact membranes without clinical infection, and delivering within 48 hours of amniocentesis. 


+Considered positive if =! polymorphonuclear leukocyce per oil immersion field in fluid pellet. 


=] test(s) (culture, Gram stain, GLC) positive. 


found in this patient’s placenta (see Table I). Of 18 
leukotaxis-negative fluids from patients delivering 
within 48 hours, 10 were from patients in labor at am- 
niocentesis. Placentas from two of these patients had 
histologic chorioamnionitis (stage I—mild severity). 
There were no complications related to tocolytic ther- 
apy in any patient. 

One patient in this study developed clinical infection 
after amniocentesis and another developed postpartum 
endometritis. Fluid cultures yielded Fusobacterium nu- 
cleatum and microaerophilic streptococci, respectively. 
Both fluids were leukotaxis-positive. Neonatal sepsis 
strictly indicated by positive cultures of blood or ce- 
rebrospinal fluid was not found in any patient. No 
significant difference was found betiveen qualitative 
and semiquantitative measurement of leukotaxis. No 
change in leukotaxis was found in fluids stored frozen 
at ~ 70° C for 2 months. 


Comment 


It has been suggested that ascending intrauterine in- 
fection is a significant underlying cause of preterm la- 
bor and premature rupture of the membranes. This 
hypothesis is supported by histologic data-that indicate 
an association between chorioamnionitis and these 
common clinical entities.' Because histologic informa- 
tion is not available before delivery, other criteria are 
used to define infection during the perinatal period. 
Signs and symptoms of clinical infection are typically 
used for diagnosis. Unfortunately, cr iteria for clinical 
infection are nonspecific, insensitive, and frequently 
only indicate advanced amniotic fluid infection. Other 
criteria used to define infection include amniotic fluid 
culture, Gram stain, GLC, and bacterial endotoxin 
assay.” '® 

In this study histologic chorioamnionitis was used as 
evidence of exposure to intrauterine infection. Amni- 
otic Auid culture, Gram stain, and GLC were found to 
be less sensitive tests for intrauterine infection (as de- 
termined by histology) than the leukotaxis assay. The 
higher sensitivity of the leukotaxis assay may be attrib- 
uted to detection of extraamniotic fluid infection. The 
above three-microbiologic assays require microorgan- 


isms, or their products, to reach a detectable level in 
amniotic fluid. Although very specific for intraamniotic 
fluid infection, these tests may fail to detect the initial 
stage of an ascending infection, which is believed .to 
begin within the intact membranes, spreading second- 
arily to the amniotic fuid. Furthermore, the micro- 
biologic approach of attempting to identify the etiol ogic 
agent is limited because a wide variety of microorgan- 
isms have been implicated,‘ thus making exhaustive de- 
tection difficult. The inability of microbiologic tests to 
detect the initial stages of an ascending infection may 
limit an understanding of the role played by infection 
in premature labor. | : 

Another criterion occasionally aed for detection of 
infection.is assay of polymorphonuclear leukocytes in 
amniotic fluid, either by direct microscopic examination 
or indirectly by leukocyte esterase activity. The signif- 
icance, origin, and role played by amniotic fluid poly- 
morphonuclear leukocytes in perinatal infection is 
largely unknown: In our study the association found 
between amniotic fluid polymorphonuclear leukocytes, 
leukoattractants, and histologic chorioamnionitis sup- 
ports the theory that polymorphonuclear leukocytes 
can derive from inflamed membranes.‘ These find- 
ings suggest that polymorphoriuclear leukocytes in 
increased numbers (21 polymorphonuclear leuko- 
cytes/oil immersion field/pellet) may reflect histologic 
chorioamnionitis and, indirectly, exposure to intra- 
uterine infection. The advantage of the leukotaxis as- 
say is that leukoattractants must precede the arrival of 
polymorphonuclear leukocytes in amniotic fluid, Mea- 
surement of C-reactive protein in maternal blood 
has also been suggested as an early indicator of histo- 
logic chorioamnionitis. However, conflicting conclu- 
sions have been reached regarding 1 its potential clinical 
application. s 

Findings in this study raise several questions. (1) Leu- 
koattractants ahd polymorphonuclear leukocytes were 
found in four fluids in which the combined results of 
culture, Gram stain, and GLC were negative. These 
patients’ placentas had marked histologic chorioam- 
nionitis. Do these four cases represent extraamniotic 
infection? Despite exhaustive microbiologic techniques 
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there remains the possibility that some microorganisms 
in amniotic fluid were not detected. (2) Can leukoat- 
tractants present in amniotic fluid be unrelated to in- 
fection? This is not likely, because with the exception 
of the patient described below, all leukotaxis-positive 
fluids were associated with histologic chorioamnionitis. 
Other than infection, no satisfactory explanation for 
chorioamnionitis has been demonstrated.” Leukoat- 
tractants (but not polymorphonuclear leukocytes) de- 
tected in one fluid from a patient without chorioam- 
nionitis may have been related to placental infarction. 
(3). Did measurement of leukoattractants in amniotic 
fluid correlate with severity of chorioamnionitis? The 
lowest histologic stage and severity of choriomnionitis 
was found in two placentas, both of which were accom- 
panied by fluid without leukoattractants. This suggests 
that leukoattractants did not reach detectable levels. We 
lack sufficient data to draw conclusions regarding mea- 
surement of leukotaxis with more severe grades of cho- 
rioamnionitis. 

Leukoattractants were not characterized in this study 
because the goal was to determine whether leukoat- 
tractants detected by the assay reflect histologic cho- 
rioamnionitis. Products of bacteria, complement, de- 
generating cells, leukotrienes, and reactive oxygen spe- 
cies, all of which are present during an inflammatory 
response, represent a partial list of leukoattractants. 
In vivo any of these factors may act alone or in concert 
with others to cause polymorphonuclear leukocyte mi- 
gration. Regardless of whether all instances of cho- 
rioamnionitis result from infection, it is clear that in- 
flammation can contribute to," and perhaps initiate, 
labor. 

The importance of Fusobacterium as a cause of oc- 
cult amniotic fluid infection in patients with intact 
membranes has been emphasized.” Although life- 
threatening Fusobacterium chorioamnionitis does occur, 
most morbidity associated with this organism is attrib- 
uted to prematurity. This view. is supported by our 
study in which F. nucleatum accounted for 75% of pos- 
itive cultures. Each of these patients was delivered pre- 
term, and neonatal cultures of blood and cerebrospinal 
fluid were uniformly sterile. 

In summary, the leukotaxis assay provides a simple 
direct method of determining placental inflammation 
and indirectly, exposure to intrauterine infection be- 
fore delivery. This assay contributes to ongoing efforts 
designed to determine the relationship between pre- 
term delivery and infection. We plan to continue to 
study these tests for their ability to detect intrauterine 
infection at an earlier stage than is presently possible. 
This may permit earlier intervention in the form of 
delivery of a healthier neonate, or successful intra- 
uterine treatment of infections with the option of con- 
tinuation of preterm pregnancy. 
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Evidence relating bacterial vaginosis to intraamniotic infection 


Helayne M. Silver, MD, Rhoda S. Sperling, MD, Patricia j. St. Clair, BA, and 


Ronald S. Gibbs, MD 


San Antonio, Texas 


We performed a two-part study to determine relationships of bacterial vagiriosis and iniraamniotic infection. 
In the first part of the study, we determined whether bacierial vaginosis organisms (Gardrierella vaginalis, 
Mycoplasma hominis, and anaerobes) were associated with each other in the amniotic fluid of 408 cases 
of intraamniotic infection. In the second part, we determined the association of bacterial vaginosis itself 
with intraamniotic infection in 125 cases at high risk for intraamniotic infection. Strong associations were 
observed among the bacterial vaginosis organisms in amniotic fluid (p <.0.01 to p < 0,001). Women with 
bacterial vaginosis were more likely to develop intraamnintic infection than those without bacterial 
vaginosis (69% vs. 46%, p = 0.03). Women with bacterial vaginosis were more likely to have G. vaginalis 
and M. hominis in the amniotic fluid (Ø < 0.01 and 0.04, respectively). These observations implicate 
bacterial vaginosis as a cause of intraamniotic infection. (AM J OssteT GYNECOL 1989;161:808-12.) 


Key words: Bacterial vaginosis, intraamniotic infection, amniotic fluid, Gardnerella vaginalis, 


Mycoplasma hominis 


Bacterial vaginosis (also called ‘nonspecific vag:nitis 
and Gardnerella vaginalis vaginitis) is a common, cause 
of vaginal symptoms.' Although bacterial vaginosis has 
a complex and at times controversial microbial etio.ogy, 
evidence now supports a major role for anaerobes. * 
G. vaginalis and Mycoplasma hominis are also found 
more commonly in vaginal secretions of affected 
women." * T ; 

Other investigators have implicated bacterial vagi- 
nosis in preterm labor, preterm birth, preterm pre- 
mature rupture of membranes, and amniotic fluid in- 
fection.** The purposes of this study were to (1) identify 
significant associations of organisms in amniotic uid 
(especially of anaerobes, G. vaginalis, and M. hominis) 
from a series of cases of intraamniotic infection, (2) 
determine characteristics of intraamniotic infection as- 
sociated with these organisms, and (3) determine 
whether bacterial vaginosis was associated witk in- 
traamniotic infection. 


Methods 


_ Data were gathered in two consecutive groups of 
wometi. In both groups intraamniotic infection was de- 
fined on the basis of a temperature =37.8° C and rup- 
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ture of the membranes plus two or more of the follow- 
ing: maternal tachycardia (>100 beats/min), fetal 
tachycardia (> 160 beats/ min), uterine tenderness, foul 
odor of the amniotic fluid, or peripheral leukocytosis 
(>12,000/mm®).? Asymptomatic women had mem- 
brane rupture but no temperature =37.8° C and no 
other signs or symptoms of infection. Neonatal sepsis 
was defined as typical signs plus isolation from the 
blood of a pathogenic organism. Neonatal pneumonia 
was defined as respiratory symptoms with a patchy in- 
filtrate on chest x-ray film. 

Amniotic fluid was obtained by aspiration of an in- 
trauterine pressure catheter that had been inserted for 
obstetric indications. Because of the possibility of con- 
tamination, the first 7 ml (equivalent to the volume of 
the catheter) was discarded, and the next 5 to 20 ml 
was collected in a separate plastic syringe. After air was 
expressed and the syringe was tightly capped, the spec- 
imen was transported to the laboratory where it was 
plated quantitatively within 60 minutes on a variety of 
media for aerobes and anaerobes.’ After 1983, speci- 
mens were also plated on V-selective agar (Remel, Le- 
nexa, Kan.) as a selective media for G. vaginalis. Other- 
wise, bacteriologic methods were similar throughout. 
Maternal and neonatal blood samples were collected by 
sterile venipuncture and inoculated into a set of two 
bottles, each containing 100 ml trypticase soy broth with 
3% carbon dioxide and 0.03% sodium polyanethol sul- 
fonate (BBL, Cockeysville, Md.). Amniotic fluid and 
blood isolates were identified by standard techniques. 
Amniotic fluid specimens were qualitatively cultured 
for genital mycoplasmas with a modification of the 
method of Kenny." Blood was not cultured for my- 
coplasmas. 
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After collection of specimens, infected mothers were 
treated with penicillin G (5 million units intravenously 
every 6 hours) and gentamicin (1.5 mg/kg intrave- 
nously every 8 hours), usually beginning during labor.. 
After 1982, for women with cesarean delivery, clin- 
damycin was usually added after cord clamping for 
improved activity against anaerobes, In neonates, blood 
cultures and a chest radiograph were performed, col- 
lection of cerebrospinal fluid was performed only in 
infants with central nervous system signs. Neonates 
were treated within 2 hours of birth with ampicillin (75 
mg/kg intravenously every 12 hours) and gentamicin 
(2.5 mg/kg intravenously every 12 hours) for at least 
3 days. If results of the sepsis evaluation were negative, 
antibiotics were discontinued after 72 hours. For sepsis 
or pneumonia, infants were treated for approximately 
10 days with appropriate therapy. Clinical data were 
collected on 29 variables. 

Specific methods of each part of the study follow. In 
the first part, amniotic fluid was collected from patients 
with intraamniotic infection between July 1979 and Oc- 
tober 1986. In determining associations and character- 
istics of intraamniotic infection with an index organism, 
we compared those cases containing the index organ- 
ism (regardless of any other organism isolated) with 
cases not containing the index organism by the x? good- 
ness of fit test for discrete variables and a two-tailed 
Student’s ż test for continuous variables. A value of 
p < 0.05 was considered significant. 

After completion of the first part of the study, we 
then enrolled a group of women at high risk for in- 
traamniotic infection on the oasis of rupture of mem- 
branes greater than 10 hours. We collected a vaginal 
Gram stain and amniotic fluid specimen (as above) and 
clinical data from these women. The vaginal Gram stain 
was scored from 0 to 10 by a single examiner (who was 
unaware of the clinical diagnosis) on the basis of semi- 
quantitative estimates of G. vaginalis, Lactobacillus, and 
Mobiluncus morphotypes (unpublished observations).* 
A score of 0 to 3 was considered normal, 4 to 6 inter- 
mediate, and 7 to 10 as bacterial vaginosis. Other fea- 
tures of bacterial vaginosis (such as high pH, clue cells, 
amine odor) were not used because of the potential 
effect of membrane rupture on them. However, Es- 
chenbach et al.! have shown that Gram stain criteria 


*The vaginal Gram stain score was determined as 
follows: 


Morphotype Points Morphotype Points 
4+ Lactobacilli 0 1 + G. vaginalis 1 
3+ Lactobacilli l 2 + G. vaginalis 2 
2+ Lactobacilli 2 3 + G. vaginalis 3 
1+ Lactobacilli 3 4 + G. vaginalis 4 

1 +2+ Mobiluncus 1 
species 

0 Lactobacilli 4 3 to 4+ Mobiluncus 2 
species 
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very similar to the ones we used correlated well with 
other clinical and microbiologic criteria of bacterial va- 
ginosis in an outpatient population. Women who de- 
veloped puerperal fever were excluded from the anal- 
ysis because of the confounding influences such as ce- 
sarean delivery. Discrete data were compared by x’ test; 
p < 0.05 was considered significant. 


Results 


During the first part of the study, there were 408 
cases representing approximately 1% of all deliveries 
and an estimated 40% of all cases of intraamniotic in- 
fection. In the remaining cases of intraamniotic infec- 
tion, no amniotic fluid could be aspirated for study. 
The overall microbiologic results and neonatal out- 
comes, have previously been reported in part." As in 
previous studies, these pregnancies were characterized 
by long intervals of membrane rupture (23.4 + 19.7 
hours, mean + SD) and of internal monitoring 
(12.3 + 6.8 hours, mean + SD). Most patients were at 
term (39.5 + 3.2 weeks, mean gestational age), and 174 
(43%) had cesarean delivery. The mean temperature 
at diagnosis was 38.3° + 0.4° C. 

There were several significant associations found 
among organisms. As shown in Table I, strong asso- 
ciations were seen among M. hominis, G. vaginalis, and 
some anaerobes. Group B streptococci were associated 
with Bacteroides bivius. When group B streptococci were 
present in the amniotic fluid, B. bivius was present in 
42% (25 of 60), whereas in fluid without group B strep- 
tococci B. bivius was present in 27% (95 of 348, 
p = 0.02). Stronger associations were observed among 
Escherichia coli, enterococci, and other aerobic gram- 
negative rods. When Æ. coli was present, enterococci 
were found in 21% (7 of 33) and other aerobic gram- 
negative rods in 24% (8 of 33). In fluid without E. coli, 
enterococci were present in only 4% (15 of 375), and 
other aerobic gram-negative rods were present in only 
3% (13 of 373, p < 0.001 for both). We found no other 
significant association of any organism in amniotic 
fluid. 

There were 26 (6.4%) mothers with bacteremia, but 
none had G. vaginalis organisms isolated. Only two 
(0.5%) had anaerobic bacteremia, both with Bacteroides 
species. Other maternal blood isolates were group B 
streptococci (11 cases), E. colt (7), Staphylococcus aureus 
(2), Listeria monocytogenes (2), and one each enterococci, 
viridans streptococci, Streptococcus pneumoniae, and Pseu- 
domonas aeruginosa. There were 28 isolates (two patients 
had polymicrobial bacteremias), Isolates in cases of neo- 
natal bacteremias have been previously reported. 

When clinical features for intraamniotic infection as- 
sociated with any index organism were compared with 
all other intraamniotic infection cases, there were few 
pertinent and significant differences. Specifically, clin- 
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Table I. Associataion of bacterial vaginosis-relatec organisms in amniotic fluid of cases of 


intraamniotic infection 












Organism in amniotic fluid 





M. hominis* B. bivius 
Organism in . Yes No Yes No 
amniotic fluid (n = 125) (n = 234) (n = 120) (n = 288) 
G. vaginalis 44 (35%) 54 (23%) 0.01 40 (33%) 59 (20%) 0.01 
M. hominis 56 (47%) 66 (24%) <0.001 
B. bivius 56 (45%) 53 (23%) <0.001 ~~ — 
Peptostreptococci 20 (16%) 14 (6%) 0.002 14 (12%) 24 (8%) NS 








*Total number of cultures for M. hominis is 359 because the remainder were not done or were contaminated. 


Table II. Characteristics of women with versus 
women without bacterial vaginosis and at high 
risk for intraamniotic infection 
















Bacterial 
vaginosis 


No bacterial 
vaginosis 










Characteristic 


Age (yr)* 22.7 + 6.1 22.6 + 5.8 
Parity* 0.53+ 1.4 0.70 + 1.2 
Gestational age (wk)* 39.6 +28 39.8 +2 


Labor duration (hr)* 

Rupture of mem- 
branes (hr)* 

Vaginal examination 
(No.)* 

Internal monitoring 10.3 + 5.2 
(hr)* 

Intrapartum oxyto- 88 93 
cin use (%) 

Cesarean de- 35 31 
livery (%) i 


2 . 
17.6 + 10.8 134+62 0.043 
4 


10.8 + 5.9 


*Data are shown as mean + | SD. 


ical features such as maximum temperature in labor, 
labor duration; and duration of internal monitoring 
were not significantly different for anaerobe-, M. hom- 
inis—, or G. vaginalis—associated intraamniotic infection. 

B. bivius—associated intraamniotic infection was ac- 
companied by an increased number of maternal febrile 
days (1.8 + 1.3 vs. 1.4 + 1.3 days, p = 0.02), even 
though it was not associated with any other variable pre- 
disposing to more febrile days such as increased rate 
of cesarean section. In comparison, cases of E. coli 
associated intraamniotic infection were accompanied by 
a significantly increased number of maternal febrile 
days after delivery (2.4 + 1.8 vs. 1.5 + 1.4 days, p < 
0.01), but group B streptococci-associated intraarnni- 
otic infection was not (1.8 + 1.7 vs. 1.5 + 14+ 1.3 
days, p = 0.2). 

In the second part of the study, 155 women were 
enrolled between October 1986 and March 1988. Over- 
all 63 had intraamniotic infection and 62 remained 
asymptomatic. Thirty who developed puerperal fever 


were excluded from analysis because of major con- 
founding influences of additional factors such as ce- 
sarean section. Bacterial vaginosis was present in 32 
patients (26%), determined by Gram stain criteria. 
Characteristics of women with and without bacterial 
vaginosis are shown in Table II. The groups were not 
significantly different in any measure except labor du- 
ration. 

Women with bacterial vaginosis developed intraam- 
niotic infection in 69% (22 of 32) of cases, whereas those 
without bacterial vaginosis had intraamniotic infection 
less commonly, 46% (43 of 93, p = 0.03). Women with 
bacterial vaginosis were more likely to have G. vaginalis 
and M. hominis in the amniotic fluid and were less likely 
to have group B streptococci and enterococci in the 
amniotic fluid (Table III). Anaerobes were not isolated 
significantly more often in amniotic fluid of women 
with bacterial vaginosis. 


Comment 


In this study we made three observations associating 
bacterial vaginosis with intraamniotic infection. First, 
organisms previously reported to be associated with 
bacterial vaginosis (i.e., anaerobes, G. vaginalis, and 
M. hominis) were also found in association with each 
other in the amniotic fluid of women with intraamniotic 
infection.'* Second, bacterial vaginosis was significantly 
associated with intraamniotic infection in a group of 
women at risk. Third, in this high-risk group, women 
with bacterial vaginosis were more likely to have 
G. vaginalis (p < 0.01) and M. hominis (p = 0.04) in the 
amniotic fluid. 

The association of G. vaginalis, some anaerobes, and 
M. hominis in amniotic fluid of women with intraam- 
niotic infection suggests that the organisms arise from 
bacterial vaginosis rather than independently from the 
vagina. We also observed associations of E. coli, other 
aerobic gram-negative rods, and enterococci—all or- 
ganisms commonly isolated in the lower gastrointestinal 


. tract. Group B streptococci, a major neonatal pathogen, 
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Table III. Organisms isolated in amniotic fluid by vaginal Gram stain score 


























(%) 


Vaginal score 





0-3 (n = 43) 26 12 
4-6 (n = 50) 60 93 
7-10 (n= 32) > 85 35 
t <0.01 0.04 







M. hominis 


Organism(s) in amniotic fluid 





Group B 
streptococci 






Enterococci 


(%) 


Anaerobes 





14 31 20 
23 15 8 
26 9 3 
NS 0.03 0.03 





Score: 0 to 3, normal; 4 to 6, intermediate; 7 to 10, bacterial vaginosis. 


was associated with B. bivius, but the association was 
weak. Because multiple associations were evaluated, 
there is danger of an a-type error, yet our major as- 
sociations had values of p < 0.05. Thus from patterns 
of organisms in amniotic fluid of intraamniotic infec- 
tion cases bacteria did not appear to enter the amniotic 
cavity by chance or by independent action. Instead, the 
bacterial vaginosis group often enter in concert as do 
the enteric organisms (E. coli, enterococci, other aerobic 
gram-negative rods); group B streptococci act more or 
less independently. 

After we observed the interaction of bacterial vagi- 
nosis organisms in amniotic fluid, we then proceeded 
to determine whether bacterial vaginosis itself (as di- 
agnosed by Gram stain) was associated with intraam- 
niotic infection. Use of Gram stain to diagnose bacterial 
vaginosis was first suggested by Spiegel et al.” in 1983. 
A diagnosis of bacterial vaginosis was based on mixed 
flora consisting of gram-positive, gram-negative, or 
gram-variable bacteria with decreased or absent Lac- 
tobacillus morphotypes. Gram stains that showed a 
predominance of Lactobacillus morphotypes with or 
without G. vaginalis morphotype were interpreted as 
normal. Compared with composite clinical criteria (ho- 
mogeneous discharge, pH =4.7, amine odor, and pres- 
ence of clue cells), Eschenbach et al.' found the inde- 
pendent diagnosis of bacterial vaginosis by Gram stain 
had a sensitivity of 97%, a specificity of 79%, and a 
positive predictive value of 69%. Gram stain criteria for 
bacterial vaginosis correlated better than semiquanti- 
tative cultures for G. vaginalis with composite clinical 
criteria. 

Recently, workers have compared the Gram stain 
score to clinical findings and culture results in 3985 
pregnant women at 23 to 26 weeks’ gestation. High 
scores (27) correlated with all typical clinical findings 
of bacterial vaginosis, increasing isolation from the va- 
gina of anaerobes, genital mycoplasmas and G. vagi- 
nalis, and decreasing vaginal isolation of lactobacilli (un- 
published observations). 

We applied the Gram stain score to women in labor 


with membrane rupture. Others have previously ap- 
plied Gram stain criteria to patients in labor or with 
ruptured membranes.’*" We reasoned that Gram stain 
criteria would be less influenced by membrane rupture 
and the conduct of labor (bloody show, vaginal exam- 
inations, use of lubricants) than would be description 
of secretions, pH, odor, or vaginal cultures. Since Gram 
stain criteria were sensitive measures of bacterial va- 
ginosis in other groups of women, we anticipated that 
these criteria would also be sensitive during labor. 

In the high-risk group, women with bacterial vagi- 
nosis were similar to those without bacterial vaginosis 
in regard to age, parity, gestational age, and five intra- 
partum characteristics (rupture of membranes, vaginal 
examination, internal monitoring, oxytocin use, and 
cesarean delivery). Because mean labor duration was 
longer in the group with bacterial vaginosis, it may be 
argued that the longer duration of labor rather than 
bacterial vaginosis per se explains the excess rate of 
intraamniotic infection in the bacterial vaginosis group. 
However, we believe that bacterial vaginosis is the more 
likely factor for three reasons. First, in a logistic regres- 
sion of analysis of risk factors in intraamniotic infection 
on this obstetric service during the same time as the 
current data were collected, we found that parity, du- 
ration of membrane rupture, and duration of internal 
monitoring were independent risk factors (labor du- 
ration was not). These three factors were all similar 
in the groups with and without bacterial vaginosis. Sec- 
ond, since we were examining nine variables it is pos- 
sible that this one difference (with p = 0.043) occurred 
by chance. Third, because onset of true labor is difficult 
to pinpoint, this measure is less objective than any other. 

Increasing isolation rates of both G. vaginalis and 
M. hominis in the amniotic fluid with increasing Gram 
stain score support bacterial vaginosis as the source of 
these organisms, yet we did not find that anaerobes, 
which play a central role in bacterial vaginosis, were 
increased in the amniotic fluid of women with bacterial 
vaginosis. Considering the absolute rate of isolating an- 
aerobes was higher in the group with high scores than 
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in those with low scores (26% vs. 14%), we suspect that 
there is a real but undetected difference. Interestingly, 
group B streptococci and enterococci, organisms un- 
related to the pathophysiology of bacterial vaginosis, 
were found. with decreasing frequency in the amniotic 
fluid of women with bacterial vaginosis. Although a 
mechanism for this relationship is not certain, there is 
an implication that the “bacterial vaginosis organisms” 
compete with group B streptococci, enterococci, and 
perhaps others for ascent into the amniotic cavity. Un- 
fortunately, our data set did not include detailed vag- 
inal cultures and cannot address this relationship more 
completely. 

Our selection of a very high-risk group, with a prev- 
alence of intraamniotic infection of 50%, increased our 
likelihood of demonstrating a significant association, 
yet our findings add support to other reports that show 
an association between bacterial vaginosis and infection. 
Gravett et al.° also found that bacterial vaginosis was 
associated with subsequent development of “amniotic 
fluid infection” (9% in women with bacterial vaginosis 
vs. 4% in those without; p < 0.05; odds ratio 2.1 [1.2 
to 3.9, 95% confidence interval]). More recently, Eillier 
et al., in a multiple regression analysis controlling for 
confounding variables, found that the intrapartum di- 
agnosis of bacterial vaginosis was associated with re- 
covery of organisms between the chorion and amnion 
in both term and preterm pregnancies. We speculate 
that among women with recognized clinical risk factors 
for intraamniotic infection such as prolonged rupture 
of the membranes and duration of prolonged internal 
monitoring," the detection of bacterial vaginosis may 
identify a group at still higher risk. Identification of 
such a high-risk group may lead to the development of 
an intervention strategy such as administration of sys- 
temic or local prophylactic antibiotics in labor. 
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The kedi of positive amniotic fiuid cultures i in patients in 


preterm labor with intact membranes 


M. Amanda Skoll, MD, Michael L. Moretti, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


The possible relationship between intrauterine infection and preterm labor has received considerable 
attention in recent years. The purpose of this study was twofold: first, to determine the frequency of 
asymptomatic infection in patients who came to the hospital i in. preterm labor, and second, to determine the 
significance of a positive amniotic fluid culture in ‘relation to latency period and likelihood of preterm 
delivery. Patients-who came to the hospital in preterm labor with intact membranes between 20 arid 35 
weeks’ gestation underwent transabdominal amniocentesis. Amniotic fluid was sent for Gram stain and 
culture: Patients received tocolytic therapy as clinically indicated. Of 127 patients cultured, seven (5. 5%) 
had positive amniotic fluid cultures. These patients had a significantly decreased latency period from 
amniocentesis to delivery (4.4 days versus 28.6 days), anda significantly increased chance of being 
delivered of preterm infants (100% versus 52.5%), as compared with patients with negative cultures. The 
rate of positive Gram stain was 7 of 125 positive. However, there was.rio correlation between ‘positive 
Gram stain arid positive culture results. Similarly, positive Gram stain results were not associated. with any 
difference in the latency period or rate of preterm delivery. (AM J OpsTeT GYNECOL 1989;167:813-6.) 
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Despite the development of prevention prograins, 
pharmacologic therapies and other interventions, the 
preterm delivery rate remains disappointingly stable at 
approximately 7% of births. Prematurity is responsible 
for a disproportionately large fraction of perinatal and 
neonatal morbidity and mortality. Although thé me- 
chansims that lead to the onset of preterm labor are 
not clearly understood, much interest has been devoted 
in recent years to the possibility of an infectious cause. 

Several investigators have studied the role of infec- 
tion in preterm labor by performing microbiologic 
studies on amniotic fluid obtained by amniocentesis. 
Published rates of positive amniotic fluid cultures of 
patients who are in preterm labor vary from 0 to 
46.8%." Unfortunately, many of these studies are 
hampered by small numbers of patients. In addition, 
it is difficult to know whether results from a particular 
population can be extrapolated to other populations. 

The purpose of this study was to investigate the in- 
cidence of positive aminiotic fluid cultures in patients 
who were in preterm labor when they came to the E. 
H. Crump Women’s Hospital in Memphis, Tennessee. 
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Material arid methods 


The E.H. Crump Women’s Hospital isa tertiary care 
perinatal center affiliated with the University of Ten- 
nessee, Memphis. It serves a primarily indigent pop- 
ulation with approximately 80% black and 20% white 
patients. The study was carried out from January 1, 
1986, to July 31, 1987, after approval by.the Institu- 
tional Review Boaid of the University of Tennessee. 

Patients were included in the study if they came to 
the hospital with evidence of uterine activity or cervical 
dilatation or effacement between 20 and 35 weeks’ ges- 
tation. Gestational age was détermined by early ultra- 
sonography if available; otherwise, an estimate was 
made based on last menstrual period combined with 
ultrasonography on admission. Patients were excluded 
if they had ruptured membranes before admission, ces- 
sation of contractions with an intravenous fluid bolus 
and sedation, advanced labor (25 cm dilatation), clin- 
ical evidence of chorioamnionitis, or refused amnio- 


“centesis. Qualifying patients were commenced on to- 


colytic therapy as per the hospital’s current protocol. 
The first-choice tocolytic agent was ritodrine hydro- 
chloride, administered by intravenous infusion pump. 
In patients with contraindications to betamimetic ther- 
apy, magnesium sulfate was started, also by intravenous 
infusion. ; 

Patients underwent ultrasound-guided transabdom- 
inal amniocentesis. Fluid was sent for pulmonary 
maturity studies including lecithin to sphingomyelin 
(L/S) ratio and foam stability iridex. At the same time, 
fluid was collected for microbiologic study. After im- 
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Table I. Organisms isolated in culture 





No. patients with 


‘Organism positive culture* 





Fusobacterium sp. 
Group D streptococci 
Group B streptococci 
‘Bacteroides sp. 
Bacillus cereus i 
- Ureaplasma urealyticum 
`. Gardnerella vaginalis 


hmd pmt eh p p ND ND) 





*Some patients had positive cultures for more ‘than one 
organism. 


+ 


mediate transfer to the microbiology laboratory, the 
specimen | for Gram stain was centrifuged, treated to 
standard Gram stain, and read by experienced tech- 
nicians. Amniotic fluid was plated aerobically on b-ood 
agar, chocolate agar, Thayer-Martin agar, McConkey 
agar, and thioglycollate broth. Amniotic fluid was 
plated anaerobically on Schaedler’s, calcium nutrient 
agar, Pisum sativum agglutinin, and’ chopped-meat 
broth, Specific cultures for Mycoplasma species were not 
performed. Results were reported semiquantitatively. 
The results of microbiology studies were not made 
available for clinical Management. . 

Patients who responded to tocolytic therapy with ces- 
sation of contractions were maintained on iritraver.ous 
infusion of éither ritodrine or magnesium sulfate for 


approximately 12 hours. They were then weaned énto’ 
oral betamimetic therapy and were subsequently dis- . 


charged from the lisopital in 2 to.3 days if contract-ons 
did not recur. Indications for delivery included failed 
tocolysis, clinical ‘suspicion of chorioamnionitis (based 
on the presence of fever > 100° F, uterine tenderness, 
or leukocytosis with no other evidence of.an infective 
site), or fetal distress. In addition, in those patients in 
whom rupture of the membranes occurred subsequent 
to admission to hospital, the presence of a mature ling 
profile constituted an indication for delivery. Labor was 
not induced in patients in whom tocolysis failed. The 
only patients in whom induction was performed pre- 
term were those with a clinical diagnosis of chorioam- 
nionitis or those with ruptured membranes plus a ma- 
ture L/S ratio. 

Neonatal records were reviewed for evidence of neo- 
natal sepsis as documented by positive blood, urine, or 
cerebral spinal fluid cultures. 

Statistical analysis was performed with Student’s ¢ test 
for unpaired samples and x? where appropriate. 


Results 

Of the 127 amnictic fluid samples obtained, seven 
(5.5%) were found to be positive. The organisms are 
detailed in Table I. 

Gomparieons between the groups with PHONE cul- 
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Table II. Clinical characteristics 





Positive Negative 
culture culture 
n=7 n = 120 
Gravidity 2: 0 + 0.9 24 2 16 
Parity 1.2 + 0.8 hl + 13 
Gestational age on admis- 31.7 + 1.8 31.6 + 2.7 
sion (wk) ee 
Cervical dilatation on ad- 21+ 14 15+ 1.2 
mission (cm) _ 
Time from amniocentesis to 44 + 5.1* 28.6 + 40.3* 


delivery (days) 


Values are expressed as mean + 1 sD. 
*p < 0.001 by two-tailed Student ¢ test. 


` 


tures and negative čülturës (Table II) do not reveal 
significant differences. with regard to gravidity, parity, 
gestational age at presentation, or cervical dilatation on 
admission. The „group with positive cultures included 
four patients who were 3 or 4 cm dilated, and another 
three who were <2 cm dilated on admission, but dem- 
onstrated cervical change despite hydration and seda- 
tion. There was a significant difference (p< 0.001) in 


the latent period from amniocentesis to delivery be- 


tween the two groups based on culture results. Of in- 
terest is one patient who was culture positive for rare 
Group B streptococci after a negative Gram stain. She 
responded quickly to tocolytic agents and subsequently 
was delivered of an infant 12 days later and never re- 
ceived antibiotics. Her infant did not have septic com- 
plications. aa A 

Two of the patients in the group with positive cul- 
tures received antibiotics before delivery. The first was 


_ a twin gestation at 32 weeks who received ery thromycin 


for Chlamydia diagnosed. on cervical culture. She rup- 
tured membranes in the hospital and was delivered of 
infants 10 days after amniocentesis. The other patient 
was treated with ampicillin and gentamicin for a clinical 
diangosis of chorioamnionitis based on fever and uter- 
ine tenderness. She also ruptured membranes during 
attempted tocolysis, and was delivered of an infant 
within 24 hours of admission. None of the remaining 
five patients with positive cultures had spontaneous 
rupture of the membranes during admission. 

© Within the group with negative cultures, 14 of 120 
patients received antibiotics, including nine patients 
treated for urinary tract infections (seven with intra- 
venous ampicillin,.one with oral nitrofurantoin, and 
one with intravenous cefazolin). One patient received 
intravenous ampicillin and gentamicin as prophylaxis 
because of mitral valve prolapse, and four patients re- 
ceived the same medications because of Clinical cho- 


rioamnionitis. 


A total of 83 patients (65. 4%) were delivered of pre- 
term infants. This includes all seven of the patients with 
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positive cultures (8.4% of whom were delivered of pre- 
term infants). Table III shows the rates of preterm 
delivery based on culture results. ` 

There was no correlation between results of the 
Gram stain and ‘subsequent culture. Of the seven pos- 
itive culture results, only two (28.6%) had positive Gram 
stains. In addition, there were five false-positive Gram 


stains. When we analyzed the incidence of preterm de- 


livery by dividing the patients on the basis of Gram 
stain results, there was no difference in the rate of 
preterm delivery with positive Gram stain. In addition, 
the presence of white blood cells in the amniotic fluid 
did not influence the rate of preterm delivery (64.7% 
with white blood cells, versus 67% without). 

Of the eight offspring of mothers with positive cul- 
tures (including one set of twins), only one had clinical 
sepsis, with blood cultures positive for Pseudomonas 
aeruginosa. A total of 25 neonates received parenteral 
antibiotics (ampicillin and gentamicin in all cases). Four 
of these were from the group with positive amniotic 
fluid cultures, and 21 from the group with negative 
cultures. Indications for treatment included maternal 
diagnosis of chorioamnionitis (four cases), positive 
blood cultures (one case, as above), and prophylaxis (3 
cases). 


Comment - 

Our data, like those of other groups, suggest a role 
for an infectious cause in some patients in preterm 
labor. Although a rate of positive cultures of 5.5% falls 
toward the lower end of the reported range, there are 
several possible explanations. First, no specific cultures 
were performed for Mycoplasma species. Although one 
of the patients was found to be culture positive for 
Ureaplasma urealyticum, this was fortuitous and. the cul- 
ture techniques were not designed to detect the pres- 
ence of Ureaplasma species. There is some evidence that 
this may be a significant organism in relation to preterm 
labor.” Second, patients who were seen with ‘cervical 
dilatation >4 cm were not eligible for amniocentesis 
because they were not candidates for tocolytic therapy. 
It may be that the patients who are seen in advanced 
labor are more likely to harbor otherwise asymptomatic 
intrauterine infection. 

Previous studies at the University of Tenine 

Memphis” I have shown that up to two thirds of patients 
who were delivered of infants <1000. gm arrived at the 
hospital >4 cm dilated; however, such patients would 
have been excluded from the present study. These find- 
ings would explain the discrepancy between our data 
and that of other groups that have found that patients 
with positive amniotic fluid cultures tend to present at 
an earlier gestational age. Hillier et al. have presented 
evidence from pathologic and. microbiologic examina- 
tion of the placenta that also supports the view that 
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Table III. Correlation between culture results 
and preterm delivery 





Positive Negative 
culture culture 
n=7 n = 120 
Patients delivered of infants 7 £100)* 76 (63.3)* 
` <37 weeks (%) 
Patients delivered of infants 0 (0) 44 (36.7) 


237 weeks (%) 





*p < 0.02 by x’ analysis. 


patients who present at earlier gestational ages are sig- 
nificantly more likely to have histologic chorioamnion- 
itis. These are the very patients who would most benefit 
from prolongation of pregnancy, but are, in fact, least 
likely to respond to our efforts to achieve this. A few 
investigations of the use of antibiotics in the treatment 
of preterm labor may hold promise in this regard.™* 3 

An attempt to minimize the chance of a false-positive 
diagnosis of preterm labor was made by excluding all 
patients who responded to a fluid bolus or sedation 
with cessation of uterine activity. In view of the well- 
recognized difficulty in making the diagnosis of pre- 
term labor, it is useful to look at patients who were 
delivered of preterm infants. Our findings reveal that 
8.4% of these patients had posnve amniotic fluid cul- 
tures, ; 

"The lack of correlation between Gram stain and cul- 
ture is disappointing. False-positive Gram stains may 
occur when éxtremely fastidious organisms present in 
the initial sample fail to grow in culture. To investigate 
the impact of such so-called “false-negative cultures,” 
we analyzed the occurrence of preterm delivery by 
Gram stain results. This analysis failed to show any 
difference in the rate of preterm delivery with positive 
Gram stain. Our finding is different from that reported 
by other authors,’ and at present we have no expla- 
nation for this difference. Of note is the fact that the 
negative predictive value of the Gram stain in our series 
is still 95.8%, so that a negative Gram stain is still re- 
assuring as to the absence of infection. 

False-negative Gram stains may occur when the num- 
ber of organisms present in the initial Gram stain is 
very low but the organisms subsequently grow in cul- 
ture. One method suggested to minimize this problem 


is to use ultracentrifugation of the specimen before 


performance of the Gram stain to concentrate the num- 
ber of organisms. However, ‘Romero et al.’ failed to 
show any increase in the sensitivity of the Gram stain 
of amniotic fluid with this technique. 

In terms of the significance of white blood cells 
found on Gram stain, our results agree with those of 
other i investigators who found no relationship v with eer 
sis or occurrence. of preterm delivery.. w or : 
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Overall, we conclude that in a defined population, 
approximately 5% of patients with preterm labor and 
intact membranes have positive amniotic fluid cultures. 
Furthermore, these patients havea significantly sherter 
time from amniocentesis to delivery, as well as an in- 
creased likelihood of preterm delivery as compared 
with the group of patients with negative cultures. Un- 
fortunately, we have not found the Gram stain to be a 
sensitive indicator of intrauterine infection, and we ran- 
not suggest active delivery based on a positive Gram 
stain result. However, a negative Gram stain, with a 
negative predictive value of > 95%, i is Reassuring: 
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Infection and labor 


V. Prevalence, microbiology, and clinical significance 
of intraamniotic infection in women with preterm labor 
and intact membranes 


Roberto Romero, MD,* Marina Sirtori, MD, Enrique Oyarzun, MD, Cecilia Avila, MD, 
Moshe Mazor, MD, Robert Callahan, BS, Virginia Sabo, MSN, 
‘Apostolos P. Athanassiadis, MD, and John C. Hobbins, MD 


New Haven, Connecticut 


Amniotic fluid was retrieved by amniocentesis from 264 patients with preterm labor and intact membranes 
admitted to Yale-New Haven Hospital from Jan. 1, 1985, to July 31, 1988, The prevalence of a positive 
amniotic fluid culture was 9.1% (24/264). A total of 111 patients (42%) delivered preterm neonates, and 
24 (21.6%) of those had positive amniotic fluid cultures. The diagnostic indexes of the Gram stain of 
amniotic fluid in the prediction of a positive amniotic fluid culture were as follows: sensitivity, 79.1%; 
specificity, 99.6%; positive predictive value, 95%; and negative predictive value, 98%. Endotoxin was 
detected with the limulus amebocyte lysate assay in 4.9% (13/264) of patients with preterm labor. All 
patients with endotoxin in the amniotic fluid delivered preterm neonates. The three most frequently isolated 
organisms were Ureaplasma urealyticum {n = 6), Fusobacterium species (n = 5), and Mycoplasma 
hominis (n = 4). Clinical chorioamnionitis was present in only 12.5% of the patients with positive amniotic 
fluid cultures. Women with positive amniotic fluid cultures had lower gestational ages and more advanced 


cervical dilatation on admission than women with negative cultures. Preterm infants born to mothers with 
positive amniotic fluid cultures had a higher incidence of respiratory distress syndrome and infectious 
complications than preterm neonates born after negative amniotic fluid cultures. These data underscore 
the frequency and importance of intraamniotic infections in women with preterm labor. (Am J OBSTET 


GYNECOL 1989;161:817-24.) 


Key words: Preterm Jabor, prematurity, intraamniotic infection, lipopolysaccharide, limulus 


amebocyte lysate, Gram stain, amniotic fluid 


Intrauterine infection has been recognized as a major 
etiologic factor for preterm delivery.’ Bobitt and 
Ledger? were the first to present microbiologic data 
suggesting that unrecognized amnionitis is causally re- 
lated to preterm labor-and delivery. Subsequently, sev- 
eral investigators have used amniocentesis to assess the 
microbiologic state of the amniotic cavity in women with 
preterm labor and intact membranes. The prevalence 
of positive amniotic fluid cultures has varied from 0%° 
to 25.8%." These discrepant results have been attrib- 
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uted to differences in population characteristics and 
microbiologic techniques. 

The study reported herein was conducted on women 
with preterm labor and intact membranes. The objec- 
tives were: (1) to determine the prevalence of intraam- 
niotic infection; (2) to establish the detection rate of 
lipopolysaccharide in amniotic fluid; (3) to determine 
the diagnostic value of the Gram stain and the lim- 
ulus amebocyte lysate test in the detection of intra- 
amniotic infection; (4) to describe the quantitative and 
qualitative microbiology of intraamniotic infection in 
this patient population; and (5) to ascertain maternal 
and neonatal outcomes according to amniotic fluid cul- 
ture results. 


Material and methods 


Patient population. Patients admitted to Yale— 
New Haven Hospital with preterm labor and intact 
membranes from Jan. 1, 1985, to July 31, 1988, un- 
derwent amniocenteses for evaluation of the microbi- 
ologic status of the amniotic fluid. Preterm labor was 
defined as the presence of regular uterine contractions 
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Table I. Results of the Gram stain and limulus 
amebocyte lysate of amniotic fluid, used singly | 
or in combination, in the diagnosis of a 
positive amniotic fluid culture 








Amniotic fluid 





culture 

Gram stain 

Positive 19 1 20 

Negative 5 239 244 
Limulus amebocyte lysate 

Positive 12 1 13 

Negative 12 239 251 
Limulus amebocyte lysate 

and Gram stain combined 

Positive 21 2 23 

Negative 3 238 241 





with a frequency of at least two every 10 minutes. Ni- 
trazine, pooling, and ferning tests were performed in 
every patient during a sterile speculum examination to 
exclude patients with leakage of amniotic fluid into the 
vagina. Ritodrine, terbutaline, or magnesium sulfate 
was administered. intravenously for tocolysis. Failure of 
tocolysis was diagnosed when cervical dilatation pro- 
gressed beyond 5 cm or delivery occurred. 

` Retrieval of amniotic fluid. Amniotic fluid was 
retrieved by transabdominal amniocentesis in all 
cases. Amniocentesis was performed under ultrasound 
guidance. 

Microbiologic culture technique. Amniotic fluid was 
transported to the laboratory in a capped plastic syringe 
immediately after collection. These conditions pre- 
cluded air contact with the specimen. Plating occurred 
within 30 minutes of collection. Amniotic fluid was cul- 
tured for aerobic and anaerobic bacteria, as well as for 
Mycoplasma species.'® An intraamniotic infection was 
defined as the presence of a positive amniotic fluid 
culture.' l 

Endotoxin bioassay. All amniotic fluid samples were 
assayed with the limulus amebocyte lysate gel clot test 
for detection of endotoxin. The assay was performed 
by a method previously described in detail.’ Briefly, the 
assay consists of adding 200 wl of freshly obtained, 
unspun amniotic fluid to a single test vial of 200 wl of 
high-sensitivity lyophilized limulus amebocyte lysate 
(sensitivity, 0.06 endotoxin units/ml) (Associates of 
Cape Cod, Woods Hole, Mass.). The mixture was in- 
cubated for 60 minutes in a 37° C motionless water 
bath. The positive control consisted of Associates of 
Cape Cod control standard lipopolysaccharide Esche- 
richia coli 0113, and the negative control consisted of 
pyrogen-free water. The formation of an adherent gel 
was scored as a positive result. The absence of a clot 
was considered indicative of a negative result. These 
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tests were performed immediately after collection of 
the amniotic fluid, and the results were not used for 
patient management. 

.Gram stain examination. Gram stain examinations 
were performed with commercial reagents (crystal vi- 
olet, saffranin, and Gram’s iodine [Difco Laboratories, 
Detroit, Mich.]) under standard conditions. Stained 
slides were then examined by trained technologists, and 
the presence or absence of microorganisms was noted. 
The results of the Gram stain examinations were shared 
with the clinicians. Patients with negative Gram stain 
examinations for bacteria were given tocolysis. Patients 
with positive Gram stain examinations of amniotic fluid 
for bacteria were given parenteral antibiotics and al- 
lowed to labor. A positive Gram stain for bacteria was 
an indication for discontinuation of tocolysis. 

Criteria for the diagnosis of chorioamnionitis, 
puerperal endometritis, and neonatal sepsis. Intra- 
amniotic infection was diagnosed by the presence of a 
positive amniotic fluid culture.' Clinical chorioamnion- 
itis was defined according to the criteria proposed by 
Gibbs et al. Neonatal sepsis was diagnosed by the pres- 
ence of a positive culture of blood, urine, or cerebro- 
spinal fluid. Possible neonatal sepsis was diagnosed in 
the absence of a positive culture when two or more 
of the following criteria were present: white blood 
cell count of <5000/mm*, polymorphonuclear leuko- 
cyte count of <1800/mm%, I:T ratio (ratio of bands 
to total neutrophils) >0.2, or a positive gastric aspi- 
rate for polymorphonuclear leukocytes showing >5 
white blood cells/high-power field. These criteria have 
been previously used in the pediatric and obstetric lit- 
erature. 

Statistical analysis. Diagnostic indexes (sensitivity, 
specificity, positive, and negative predictive values) for 
the detection of a positive amniotic fluid culture were 
calculated for both the Gram stain and limulus ame- 
bocyte lysate test. Comparisons between proportions 
were performed with a x° test or Fisher’s exact test. 
Sensitivity and specificity comparisons between the 
limulus amebocyte lysate and the Gram stain were 
performed with a modified ¢ test. A Mann-Whitney 
test was used to compare cervical dilatation between 
groups because this variable was not normally dis- 
tributed. 


Results 


Amniocenteses were performed on 264 women ad- 
mitted with the diagnosis of preterm labor. Amniotic 
fluid was obtained in all cases. The prevalence of intra- 
amniotic infection in women admitted with preterm 
labor was 9.1% (24/264). A total of 111 (42%) women 
delivered preterm neonates, and 24 (21.6%) of those 
had positive amniotic fluid cultures. 

Table I illustrates the results of the Gram stain of 
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Table II. Gram stain and limulus amebocyte lysate test results according to the classification of organisms 
and culture results 











Gram stain 








Limulus amebocyte lysate 
















Negative 





Pure Gram (+) 
Pure Gram (—) 
Mixed infection 
Candida species 
Mycoplasma species* 
Uninfected 


me OOOO 


Sensitivity 







Sensitivity 


(%) 










(%) Positive Negative 





75 2 2 50 
83.3 4 2 66.7 
90 5 5 37.5 
ae 1 0 a 
33.3 0 3 0 
— 1 239 — 





*M. hominis and U. urealyticum. 





Table III. Microbiology and diagnostic tests in patients with positive amniotic fluid cultures 












Patient No. Name of organisms 
1350 U. urealyticum 
Fusobacterium species 
1382 U. urealyticum 
1668 U. urealyticum 
Fusobacterium species 
1587 M. hominis 


Bacteroides species 
Peptococcus species 
U. urealyticum 


1588 M. hominis 
U. urealyticum 
1711 M. hominis 
2014 M. hominis 
U. urealyticum 
G. vaginalis 
1297 Fusobacterium species 
1308 Viridans streptococci 
1333 G. vaginalis 
1361 G. vaginalis 
1364 . Fusobacterium species 
1393 Bacteroides species (four 
varieties) 
1411 Streptococcus agalactiae 
1445 Mixed anaerobic flora 
Mixed aerobic flora 
1616 Bacteroides species 
Peptococcus species 
1641 Mixed aerobic and anaerobic 
flora 
1851 Mixed anaerobic flora, gram- 
negative rods of three vari- 
eties 
1878 S. aureus 
1881 Fusobacterium species 
1941 Peptostreptococcus 
1995 Mixed anaerobic flora 
2012 Mixed anaerobic fiora 
2055 Candida tropicalis 





amniotic fluid and the limulus amebocyte lysate in the 
detection of a positive amniotic fluid culture. The Gram 
stain had a sensitivity of 79.1% (19/24), a specificity of 
99.6% (239/240), a positive predictive value of 95% 
(19/20), and a negative predictive value of 98% 
(239/244). One patient had a positive Gram stain of 
amniotic fluid but a negative culture. The patient had 
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a cervical dilatation of 6 cm at the time of amniocentesis, 
did not have any clinical evidence of infection, and 
delivered spontaneously. She did not have clinical ev- 
idence of endometritis, and the newborn had no evi- 
dence of sepsis. Of the five patients with false-negative 
Gram stains, two had intraamniotic infections caused 
by Mycoplasma species (these organisms are not visible 
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264 
N 
N=24 _ N= 240 
@Amniotic ©Amniotic Fluid Culture 
Fluid Culture 
No Tocolysis (8) ` Received No Tocolysis Received Term Delivery 
Clinical Chorioamnionitis (£) Tocolysis (16) Preterm Delivery (13) Tocolysis (227) (> 37 w) (153) 
Fetal Congenital Anomaly (1) 35-37 Weeks Gestation (6) 
sell Labor (3) Advanced Cervical Dilatation (3) 
pontaneous Rupture Spontaneous Rupture 
of Membranes (1) of Membranes (1) 
: ; Pregnancy induced H j 
Unresponsive Discontinued Matornal Septicernia yperiension H 
To Tocolysis(9) Tocolysis(7) Abruptio Placentae (1) Unresponsive 
© Gram Stain (6) Preterm Delivery (28) 
Spontaneous Rupture . Discontinued 


of Membranes (1) 


Preterm Delivery (46) . 
Mature Fetal Lung Studies (19) 
Spontaneous Rupture 

of Membranes (12) 
Placenta Previa (3) 
Abruptio Placentae(2) 
Pregnancy Induced Hypertension (2) 
Maternal Fever (4) 
Fetal Distress (3) 
False Positive Gram Stain (1) 


Fig. 1. Amniotic fluid culture and outcome of tocolysis of all patients in this study. PIH, Pregnancy- 


induced hypertension. 


in a Gram stain). The remaining three false-negative 
stains occurred in one patient with Fusobacterium nu- 
cleatum with 25,000 colony-forming units (cfu) per mil- 
liliter, one with mixed flora, and one with Staphylococcus 
aureus (> 10° cfu/ml). 

This table also describes the results of the limulus 
amebocyte lysate assay and culture results. The limulus 
amebocyte lysate test had a sensitivity of 50% (12/24), 
a specificity of 99.6% (239/240), a positive predictive 
value of 92.3% (12/13), and a negative predictive value 
of 95.2% (239/251). One patient had a positive limulus 
amebocyte lysate test but a negative culture. This pa- 
tient underwent a repeat amniocentesis four days later 
because of premature rupture of membranes. The sec- 
ond culture was positive for Streptococcus viridans (> 10° 
cfu/ml). 

Finally, Table I illustrates the results of combining 
the Gram stain of amniotic fluid with the limulus ame- 
bocyte lysate assay. The sensitivity was 87.5% (21/24), 
specificity was 99% (238/240), positive predictive value 
was 91% (21/23), and negative predictive value was 
98.8% (238/241). The combined use of the Gram stain 
and the limulus amebocyte lysate did not result in a 
significant improvement in sensitivity with this sample 
size (p > 0.05). 

Table II displays the results of the limulus amebocyte 
lysate and the Gram stain according to the classification 
of the microorganisms and culture results. The sensi- 
tivity of the Gram stain and limulus amebocyte -ysate 
in detecting positive amniotic-fluid cultures in. pure 
infection for gram-positive or gram-negative bacteria 
was not different. 


Table HI illustrates the results of quantitative and 
qualitative microbiology, Gram stain, and limulus ame- 
bocyte lysate results in all 24 patients with positive am- 
niotic fluid cultures. The three most frequent isolates 
were U. urealyticum (n = 6), Fusobacterium species (n = 
5), and M. hominis (n = 4). Fifty percent (12/24) had 


. more than one organism isolated from the amniotic 


fluid. Seventy-one percent (17/24) of all patients with 
positive amniotic fluid cultures had an inoculum size 
with more than 10° cfu/ml. 

. Table IV displays maternal clinical characteristics and 
complications according to amniotic fluid culture re- 
sults. Women with positive amniotic fluid cultures had 
lower gestational ages and more advanced cervical di- 
latation on admission than did women with negative 
amniotic fluid cultures. All patients with abruptio pla- 
centae and toxemia of pregnancy had negative amniotic 
fluid cultures. 

Fig. 1 shows the administration and response to to- 
colysis according to the results of the amniotic fluid 
culture. Successful tocolysis was more common in 
women with negative amniotic fluid cultures than in 
women with positive amniotic fluid cultures (84.5% 
[153/181] versus 0% [0/9]; p < 0.001, Fisher’s exact 
test). ; 

Table V shows the neonatal outcome according to 
culture results. Neonates born to mothers with intra- 
amniotic infections had lower gestational ages and birth 
weights than those born to mothers with negative am- 
niotic fluid cultures. The incidence of respiratory dis- 
tress syndrome, neonatal infectious morbidity, and low 
Apgar scores was greater in newborn infants of mothers 
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Table IV. Maternal demographic data and complications according to amniotic fluid culture in the 


population of infants delivered preterm 








(+) Amniotic fluid (—) Amniotic fluid 

culture culture p value 
No. of patients 24 87 
Maternal age (mean in yr) 28 +6 25 + 6 NS 
Primipara 7 (29.2%) 20 (23%) 
Gestational age at admission (wk) 29+ 4.1 32 + 3.8 <0.01 
Cervical dilatation (median in cm) 3 (range, 0-8) 2 (range, 0-8) 0.02 
Interval between amniocentesis and 6 (range, 2-264) 48 <0.0001 

delivery (median in hr)’ 

Clinical chorioamnianitis 3/24 (12.5%) 1/87 (1.2%) <0.03 
Toxemia of pregnancy 0 6 NS 
Abruptio placentae 0 T NS 
Endometritis after cesarean section 0/3 4/27 NS 
Endometritis after vaginal delivery 2/21 0/60 NS 





Table V. Neonatal outcome according to culture results in the population of infants delivered preterm 





(+) Amniotic fluid culture 











(—) Amniotic fluid culture 


(%) (%) p value 
No. of neonates 24 87 
Gestational age at birth (mean in wk) 29.4 + 5.0 (SD) 32.6 + 3.7 (SD) 0.0004 
Birth weight (mean in gm) 1471 + 761 (SD) 2188 + 734 (SD) 0.0001 
Neonatal deaths 2/21 (9.5) °9/71 (12.7) NS 
Respiratory distress syndrome 13 (54.2) 20 (22.9) 0.009 
Infectious morbidity (sepsis,* possible sepsis, 6 (25.0) 3 (3.4) 0.008 

pneumonia, and meningitis) 

Small for gestational age 0 1 
Intraventricular hemorrhage 5 (20.1) 7 (8.0) NS 
Congenital anomalies 2 (8.3) 5 (5.8) NS 
Apgar <7, 1 min 15 (62.5) 26 (29.9) 0.006 
Apgar <75 min 12 (50) 14 (16.1) 0.002 
*One case. 


with positive amniotic fluid cultures. A positive blood 
culture was documented in one neonate born to a 
mother with an intraamniotic infection. The amniotic 
fluid grew Gardnerella vaginalis, M. hominis, and U. ureal- 
yticum, and the neonatal blood culture was positive for 
G. vaginalis. On the other hand, one neonate born to 
a mother with a negative amniotic fluid culture had a 
positive blood culture for Candida albicans. The interval 
between amniocentesis and delivery was 72 hours, 
and results of histologic examination of the placenta 
were negative for chorioamnionitis. Two congenital 
anomalies were identified in the group of fetuses with 
positive amniotic fluid cultures (ascites and a bowel ob- 
struction) and five in the group with negative amniotic 
fluid cultures (four cases of multiple congenital anom- 
alies and one case of triploidy associated with a partial 
mole). 


Comment 


The prevalence of positive amniotic fluid cultures in 
the present study was 9.1%. Previous reports that used 
amniocentesis to determine the microbiologic state of 
the amniotic cavity in patients with preterm labor and 
intact membranes have documented a positive culture 


mean rate of 13.6% (46/339), with a range from 0% to 
25.8%.’ The disparity among different series is prob- 
ably attributable to a combination of factors, including 
the definition of preterm labor, microbiologic tech- 
niques (i.e., cultures for Mycoplasma species), and the 
threshold required to perform an amniocentesis in pa- 
tients in preterm labor among the different centers. 
To circumvent the problems associated with differ- 
ences in the diagnosis of preterm labor among the re- 
ports, we have analyzed the data by looking at patients 
with preterm labor leading to preterm delivery. In this 
case, the prevalence of positive amniotic fluid cultures 
is 21.6%. Of interest is that these findings are compat- 
ible with those of pathologic studies of the placenta. 
Guzick and Winn’ found a 20.9% prevalence of his- 
tologic chorioamnionitis in patients delivering preterm 
infants without premature rupture of membranes. This 
information implies that one of every five preterm 
births occurring in women with premature labor and 
intact membranes is associated with intraamniotic in- 
fection. These data have major implications for the 
understanding and management of preterm labor. 
The natural history of i intraamniotic infection has not 
been well established. Several authors have suggested 
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Table VI. Prevalence of intraamniotic infection and microbiology in patients with preterm labor and 


intact membranes 


































Positive AF Microbiology 
cultures study for 
Gestational Mycoplasma 
Author age (wk) Indication for amniocentesis Species 


Bobitt et al.’ 31 <35 Diagnosis of preterm labor after 8 25.8 No 
i period of observation not stated 

Wallace and 25 26-34 Preterm labor after variable period l 4 No 
Herrick’ of observation 

Wahbeh 33 <35 Preterm labor à 7 21.2 No 
‘et al? i - 

Hameed 37 24-34 Preterm labor suitable for tocolysis 4 10.8 No 
et alļ.!? i : g t 

Weible and ` 35 24-34 Preterm labor 1 2.9 No 
Uandall" > 

Leigh and ` 59 <37 Preterm labor. 7 11.8 . No 

` Garite”? ; a 

Gravett ' 54 © <35 Preterm labor 13 24 Yes 
et al. : í 

Duff and 24 20-35 Preterm labor 1 4.2 No 
Kopelman” ‘ 

Romero et al.'® 4] <36 Preterm labor 4 9.7 Yes 

TOTAL 339 46 13.6 


AF, Amniotic fluid. 


that women with positive amniotic fluid cultures and 
preterm labor are more likely to be refractory to to- 
colysis, to rupture membranes spontaneously, and to 
develop: clinical chorioamnionitis than women. with 
negative amniotic fluid cultures (reviewed in reference 
1). Our data. support these claims, since women with 
positive amniotic fluid culture were more likely to be 
refractory to tocolysis and develop clinical chorioam- 
nionitis. A limitation of our study is that the result of 
the Gram stain examination of amniotic fluid was used 
in patient management; therefore the natural history 
of intraamniotic infection was altered. However, the net 
effect of this intervention was to remove patients with 
a larger inoculum size. Therefore our data indicate that 
refractoriness to tocolysis occurs even in patients with 
small microbial colony counts in the amniotic fluid. No 
empiric data suggest that women with a larger in- 
oculum size behave differently. l 

The sensitivity of the Gram stain of amniotic fluid 
for the detection of intraamniotic infection was consid- 
erably better than our previous report (79.1% versus 
44.8%), However, that study was conducted predomi- 
nantly in patients with ruptured membranes. The im- 
provement in the sensitivity noted in this study is prob- 
ably attributable to greater experience with the test and 
the greater proportion of patients with an inoculum 
size of greater than 10° cfu/ml. Three of the five false- 
negative Gram stains occurred in patients with intra- 


amniotic infections with Mycoplasma species. Mycoplasma 
species are not visible with the Gram stain. It is of note 
that one patient with an intraamniotic infection with 
M. hominis had a positive Gram stain for bacteria. This 
can be interpreted as either a false-positive stain or 
failure of thé culture to grow fastidious microorgan- 
isms. The correlation between quantitative microbiol- 
ogy and Gram stain results has been previously dis- 
cussed." In amniotic fluid,.as in other body fluids, an 
inoculum size >10° cfu/ml is associated with a positive 
Gram stain in 80% of the cases." In ‘this report, 15 of 
17 patients with more than 10° cfu/ml had positive 
Gram stains of amniotic fluid (88%). The only false- 
positive Gram stain’ occurred in a patient who was di- 
lated 6 cm and had a spontaneous delivery. 

The diagnostic indexes of the limulus amebocyte lys- 
ate test were similar to those previously reported by 
our laboratory. e All patients with endotoxin in the am- 
niotic fluid as detected by the limulus amebocyte lysate 
went on to deliver spontaneously. Although most of 
these patients had positive Gram stains of amniotic fluid 
and therefore did not receive tocolysis, one patient with 
a negative Gram stain and’ positive limulus amebocyte 
lysate test was refractory to tocolysis. The culture of 
amniotic fluid was positive for Fusobacterium species. 

We have previously reported that the combined use 
of the limulus amebocyte lysate and the Gram stain 
increases the sensitivity of each test for the detection 
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Organisms isolated 





Candida (n = 2); Pseudomonas (n = 1), Bacteroides (n = 2); 
Coccobacillus (n = 1); Veillonella (n = 1); enterococci group 
D (n = 1) 

Bacteroides and Fusobacterium species (n = 1) 


Fusobacterium (n = 3); Bacteroides (n = 2); Lactobacillus 
(n = 1); Propionibactertum (n = D; diphthercids’ (n = 1); 
Streptococcus nonhemolytic (n = 

E. coli (n = 1); S. epidermidis (n = i S. mitis (n = 1) 


Fusobacterium and Bacteroides species 


Fusobacterium (n = 3); Bacteroides (n = 1); Candida (n. = 1); 
Streptococcus viridans (n = 1); L. monocytogenes (n = 1) 

Fusobacterium (n = 2); U, urealyticum (n'= 6); Mycoplasma 
(n = 6); Candida (n = 1); G. vaginalis (n = 3); Bacteroides 
(m= 1) > 


Corynebacterium species (n = 1) 


Streptococcus viridans (n = 1); Enterococcus (n = 1); Fusobacter- 
tum (n = 1); mixed’ anaerobic (n = 1); Streptococcus B- 
hemolytic 


of intraamniotic infection.* In the current study, the 
addition of the limulus amebocyte lysate increased the 
sensitivity of the Gram stain from 79.1% to 87.5%. 
However, this increment is not statistically significant. 
We attribute this apparent discrepancy with our pre- 
vious. report to the significant improvement in the 
sensitivity of the Gram stain (44. 8% in the previous 
study). ne 

An interesting finding in our current study is that 


several patients had a positive limulus amebocyte lysate | 


assay of amniotic fluid in the absence of gram- -negative 
bacteria (Table I1). We had documented similar find- 
ingsin a study of women with preterm premature rup- 
ture of membranes.” These observations could be ex- 
plained by (1) failure of fastidious gram-negative or- 
ganisms to grow in culture, (2) presence of endotoxin 
in amniotic fluid from nonviable gram-negative bac- 
teria, or (3) presence of other microbial products in 
amniotic fluid that stimulate the gelation of the limulus 
- amebocyte lysate, Indeed, peptidoglycans from gram- 
positive bacteria, mannan from yeast, and lipoglycans 
from Ureaplasma species can yield a positive limulus 
amébocyte lysate test. However, the procedure used to 
purify these materials cannot exclude endotoxin con- 
tamination. It has been estimated that 1000 to 400,000 
times higher concentrations of peptidoglycans than 
endotoxin are required to produce a positive limulus 
amebocyte lysate test. Contamination of these microbial 
preparations with as little as 0.00025% of endotoxin 
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could account for the reported findings. Such low de- 
grees of contamination cannot be ruled out in any ma- 
terial and may:be found: in “purified material.” 

A major finding of the current study is that the three 
most frequently isolated microorganisms from amniotic 
fluid are Fusobacterium species, M. hominis, and U. ureal- 
yticum. Previous studies have also hinted at the impor- 
tance of Fusobacterium species in this setting (Table V1). 
The high prevalence of M. hominis and U. urealyticum 
was an unexpected observation; however, these find- 
ings are consistent with those found after culturing the 
membranes of patients with histologic chorioamnioni- 
tis. This observation has clinical importance. First, mi- 
crobiologic studies of the amniotic cavity that do not 
include cultures for Mycoplasma species may under- 
estimate the rate of intraamniotic infection. Second, 
treatment of intraamniotic infection may require the 
addition of agents that are active against these organ- 
isms. Third, many of the suspected but not confirmed 
cases of neonatal sepsis may be caused by Mycoplasma 
organisms. Indeed, recent data indicate that these or- 
ganisms have been isolated from the cerebrospinal fluid 
and pulmonary secretions of neonates.'*”° 

Our results indicate that clinical chorioamnionitis is 
an insensitive indicator of intraamniotic infection. In- 
deed, only 12.5% of the women with positive amniotic 
fluid cultures met the clinical definition of chorioam- 
nionitis; therefore reliance on standard clinical signs of 
infection results in an underestimation of the associa- 
tion between intraamniotic infection and preterm 
labor. | 

Another finding of this study is that neonates born 
to women with positive amniotic fluid cultures had 
lower gestational ages and a greater incidence of neo- 
natal complications (respiratory distress syndrome and 


‘infectious morbidity) than preterm neonates of women 


with negative amniotic fluid cultures. The greater ‘in- 
cidence of respiratory distress syndrome is probably 
related to the significantly lower gestational age at birth. 
Similar findings have been reported by other investi- 
gators. 7, 9, i; 13’ 

Advanced cervical dilatation on admission has been 
traditionally considered a poor prognostic indicator of 
response to tocolysis. Our study indicates that women 
with preterm labor and intraamniotic infection had 
greater cervical dilatation than women with negative 
amniotic fluid cultures. Therefore it is possible that the 
unresponsiveness to tocolysis in women with advanced 
cervical dilatation is at least partially attributable to the 
presence of an intraamniotic infection. 

One third of preterm neonates are born to women 
with preterm labor and intact membranes, a second 
third to patients with preterm PROM, and the remain- 
ing third to women with maternal or fetal indications 


_ for premature delivery. Our data suggest that in the 
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setting of preterm labor with intact membranes 22% of 
deliveries occurred to mothers with a positive amniotic 
fluid culture, while in the setting of preterm PROM 
55% of patients will have a positive amniotic fluid zul- 
ture at the time of the onset of parturition.” On the 
basis of these figures, we estimate that at least one of 
every four preterm deliveries occurs to a woman with 
an intraamniotic infection. We conclude that an intra- 
uterine infection, which is often subclinical in nature, 
is a major etiologic factor for preterm delivery. 
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Diagnosis of birth asphyxia on the basis of fetal pH, Apgar 


score, and newborn cerebral dysfunction 


Larry C. Gilstrap IH, MD, Kenneth J. Leveno, MD, Jody Burris, RN, 
M. Lynne Williams, RN, and Bertis B. Little, PhD 


Dallas, Texas 


Imprecise diagnosis of birth asphyxia coupled with uncertainties about causal factors for neurologic 
abnormalities in the newborn have greatly fueled the current litigation crisis in obstetrics. Our goal was to 
more precisely define birth asphyxia based on fetal condition as measured by umbilical artery blood pH, 
Apgar scores, and neurologic condition of newborns. We selected for study 2738 patients with singleton 
pregnancies with cephalic presentations who were delivered of infants at term to avoid complications such 
as prematurity, which may affect infant outcome independent of birth condition. The basis for study of 
these particular patients were defined criteria for high risk and an indicated arterial cord pH value. A total 
„of five infants demonstrated cerebral dysfunction as evidenced by seizures during the neonatal period. 
Infection was linked to seizures in three of these infants; one infant had neonatal asphyxia and only one 
infant's clinical course cculd be attributed solely to birth events (uterine rupture). Stratification of umbilical 


artery blood pH values, Apgar scores, and combinations of these dependent variables in relation to 
newborn clinical outcomes revealed that infants must be severely depressed at delivery before birth 
asphyxia can be reliably diagnosed. Such depression includes Apgar scores <3 at 1 and 5 minutes plus 
umbilical artery pH values <7.00. (Am J Osstet GyNecot 1989;161:825-30.) 


Key words: Birth asphyxia, acidemia, Apgar score 


Perinatal and asphyxia are overused terms in current 
obstetric-legal parlance. ‘Typically these terms are used 
to implicate “birth asphyxia” as the sole cause of neu- 
rologically damaged infants.. Imprecise definition of 
these terms coupled with uncertainties about causal fac- 
tors for neurologic abnormalities in the newborn have 
greatly aided the current litigation crisis in obstetrics. 

The term perinatal may be used to denote many dif- 
ferent time periods during gestation. For example, ac- 
cording to Webster’s Dictionary,’ perinatal refers to “the 
period around the time of birth.” However, this term 
is defined in Dorland’s Medical Dictionary? as “beginning 
with completion of the twentieth to twenty-eighth week 
of gestation and ending 7 to 28 days after birth.” The 
term asphyxia is also variously defined in these diction- 
aries. In Webster’s Dictionary,’ asphyxia is defined as “a 
lack of oxygen or excess of carbon dioxide that is usu. 
caused by interruption of breathing and that causes 
unconsciousness.” According to Dorland’s Medical Dic- 
tionary,’ asphyxia is a “lack of oxygen in respired air, 
resulting in impending or actual cessation of apparent 
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life.” Other commonly used terms include hypoxia, de- 
fined as low content of oxygen, or ischemia to signify 
reduced perfusion.’ Such variable and therefore im- 
precise definitions, when applied by laymen to neu- 
rologically damaged newborns, are usually accepted to 
signify that the infant’s outcome was a result of oxygen 
deprivation during the birth process or “birth as- 
phyxia.” 

The most common cause of hypoxia in the fetus is 
hypoperfusion, or ischemia.’ Many investigators now 
emphasize that very recent hypoxia-ischemia can only 
be implicated as a cause of brain damage when central 
nervous system signs and symptoms are present in the 
immediate newborn period.*? Cerebral dysfunction or 
encephalopathy in the newborn may be defined as a 
syndrome in which tone and primitive reflexes are al- 
tered from the norm and there is evidence of cerebral 
irritation manifested by seizure activity.* ° Long-term 
neurologic outcome is related to the severity and du- 
ration of these signs in the newborn. For example, in 
a study by Robertson and Finer® seizures in the im- 
mediate newborn period were a marker for abnormal 
neurologic sequelae. 

Ideas about the obstetric antecedents of cerebral 
palsy are dangerously simplistic?’ and we sought to 
more precisely define “birth asphyxia” on the basis of 
both fetal condition at birth and clinical performance 
of the newborn in the nursery. Our goal was to correlate 
immediate neurologic outcomes of term infants with 
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Table I. Maternal demographic in 2738 term 
pregnancies with cephalic presentation and 
live births 





Characteristic No. % 

Age {yr) 

=19 759 28 

29-29 1597 58 

30-39 368 13 

240 14 0.5 
Race 

Hispanic 1092 40 

Black 866 32 

White 741 27 

Other 39 1 
Nulliparous patients 1203 44 
Prenatal care 2412 88 





fetal acid-base status as measured in umbilical artery 
blood and newborn condition as reflected by Apgar 
score. Singleton term infants with cephalic presenta- 
tions were selected for study to avoid complications 
such as breech presentation, which may affect newborn 
condition. Similarly, preterm births were excluded in- 
asmuch as complications of prematurity such as respi- 
ratory disease and intracranial hemorrhage may <ffect 
infant outcome independent of birth events. 


Material and methods 


Between August 1, 1987, and February 28, 1988, 
blood was obtained from the umbilical artery foz pH 
measurement in 2738 complicated pregnancies deliv- 
ered at Parkland Memorial Hospital. ‘These study par- 
ticipants were chosen from a total of 8678 patients who 
were delivered of infants at our institution during this 
time period. The following complications were us2d to 
identify pregnancies for umbilical blood pH determi- 
nation: cesarean, section, forceps delivery, meconium 
in the amnionic fluid, oxytocin stimulation of labor, and 
abnormal fetal heart rate (FHR). Umbilical artery spec- 
imens were drawn from doubly clamped cord segments 
into 3 ml plastic syringes flushed with 1000 U/ml of 
heparin solution and the specimens were transferred 
in ice to the hospital laboratory for analysis. Results of 
these analyses were prospectively computerized and 
linked to a similarly computerized obstetric data base. 

Term singleton pregnancies, defined to include birth 
weights 22500 gm, morphologically normal infants, 
and cephalic presentations, were subsequently selected 
for analysis. Pediatric house officers attended all deliv- 
eries and assigned Apgar scores. Low Apgar scores 
were defined in this study as <6 at 1 arid 5 minutes 
because this score represented the criteria commonly 
used to define mild asphyxia and as =3 at 1 and 5 
minutes because this score repsented the criteria used 
to define severe asphyxia.* Newborn records were sys- 
tematically reviewed by research nurses with expertise 
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Table II. Results of umbilical artery blood pH 
determinations in 2738 singleton live births 
delivered at term 










Umbilical Live births 

artery 
blood pH 

27,25 1833 67 
7.20-7.24 520 19 
7.15-7.19 217 8 
7.10-7.14 90 3.2 
7.00-7.09 60 2.2 

<7.00 18 0.6 





in neonatal special care, and clinical indices of imme- 
diate newborn clinical performance were prospectively 
computerized. Special attention was given to neurologic 
signs and symptoms and their time of onset. The di- 
agnosis of seizures and hypotonia was based on assess- 
ments by the attending pediatricians. Only hypotonia 
that persisted 24 to 48 hours after birth was considered 
significant. Follow-up the infants after discharge was 
not available. 

Tests for statistical significance were performed by 
means of x” contingency tables or Fisher’s probability 
(Center for Disease Control Statistical Analysis Package 
written by J. D. Erickson). Probability values <0.05 
were considered significant. 


Results 


The maternal demographic characteristics of 2738 
pregnancies that resulted in live births and were in- 
cluded in this investigation are summarized in Table I. 
These demographic features were similar to those of 
the general obstetric population at Parkland Hospital. 
Pregnancy complications in the study group reflected 
criteria for umbilical artery sampling and included pro- 
longed rupture of membranes (2%), chorioamnionitis 
(5%), hypertension (16%), use of oxytocin (25%), ce- 
sarean section (44%), meconium in the amniotic fluid 
(45%), and electronic FHR monitoring (70%). 

The three most common indications for cesarean sec- 
tion were repeat operation (42%), dystocia (25%), and 
fetal distress (18%). The majority (85%) of participants 
who were delivered of infants vaginally had sponta- 
neous births and the remainder were assisted by 
forceps. 

The results of umbilical artery blood gas determi- 
nations are summarized in Table IJ. The majority 
(86%) of infants had pH values =7.20 and 18 (0.6%) 
had PH values <7.00. 

The relation between low 1-minute Apgar scores (=6 
and <3) and umbilical artery blood pH is depicted in 
Fig. 1. Only 143 (8%) of the 1833 newborns with an 
umbilical artery pH 27.25 had l-minute Apgar scores 
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“ Diagnosis of birth asphyxia 827 
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< Fig. 1. Relation between low l-minute Apgar scores and umbilical artery blood pH. 
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Five minute Apgar score 


< 7.00 


Fig. 2. Relation between low 5-minute Apgar scores and umbilical artery pH. 


<6. In contrast, 50% (n = 9) of those with a pH <7.00 l 


had such Apgar scores at 1 minute (p < 0.05). There 
was a similar relation for l-minute Apgar scores =3 


(24 of 1833 or 1.3% versus 5 of 18 or 28%; p < 0.05), ° 


Shown in Fig. 2 is the distribution of these Apgar scores 
at 5 minutes according to pH. Apgar scores =6 at 5 
minutes occurred in 10 of 1833 (0.5%) infants with pH 
=7.25 compared with 5 of 18 (28%) with a pH <7.00 


(p < 0.05). The results for Apgar scores <3.at 5 min- - 


utes were 0 of 1833 with pH =7.25 versus 3 of 18 (17%) 
with pH <7.00 (p < 0.05). Apgar scores <3 at'10 min- 
utes after birth were assigned to two infants and both 
had an umbilical artery blood pH <7.00. _ 


Neonatal complications in relation to umbilical artery ` 


. blood pH are summarized in Table III. With the ex- 


ception of meconium aspiration syndrome, neonatal 


‘complications increased as the umbilical artery blood 


pH decreased and those with a pH <7.00 (n = 18) had 


: singificantly more morbidity than did those in any other 


group. One third'of these 18 infants required intuba- 


. tion, and the ‘incidence of respiratory disease and hy- 
, potonia was 28% ‘and 17%, respectively. 


_ A total of five infants had seizures and these are 


summarized in Table IV. Four of these infants had 


seizures within the first 24 hours after birth and one 
convulsed on day 10. Three of the four neonates with 
early seizures had an umbilical artery blood pH <7.15 
and two of these had a pH <7.00. Both of these infants 
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Table III. Selected neonatal complications in relation to umbilical artery bloed pH values 








Umbilical artery blood pH value 












>7.25 7.20-7.24 


(n = 1833) 
















7.10-7.14 
(n = 90) 





7.15-7.19 7.00-7.09 


(n = 217) 








Neonatal complications 


Intubation in delivery room 13 0.7 6 1 

Respiratory disease* 45 3 16 3 

Meconium aspiration syn- 4 0.2 l 0 
drome 

Hypotonia ; 35 2 10 2 











2 | 4 4 2 8 6 33 
13 6 6 WAO 5 OC BH 
L 05 2 2° 1 2 0 
2 09 4 4 4 TH 8 im 





*Ambienit oxygen administered by either halo or mechanical ventilation. 


x° Statistical comparison to pH group 27.25: 

tOdds ratio 6.5, p < 0.007 

_#Odds ratio 70.0, p < 0.0001 
§Odds ratio 2.5, p < 0.006 
Odds ratio 2.8, p < 0.03 
{Odds raio 3.6, p < 0.02 
#Odds ratio 15.8, p < 0.0001 
**Odds ratio 3.7, p < 0.03 
ttOdds ratio 10.3, p < 0.005 


had metabolic acidemia, defined as a bicarbonate level 
217.3 mEq/l and a Pco, $65 mm Hg.’ All four of the 
infants with early seizures had 1-minute Apgar scores 
<3 and 5-minute scores <6. As shown in Table IV, two 
of the infants with early seizure activity had neonatal 
complications (group B streptococcal sepsis and syph- 
ilis) associated with such neurologic dysfunction. 
Inasmuch as Apgar scores and acid-base status may 
be dependent variables in the determination of the 
newborn condition, we analyzed combinations of these 
indices and the results are summarized in Table V. 
None of the 13 neonates with a pH <7.00 and a 1- 
minute Apgar score >3 had either seizures or kypo- 
tonia. There were 12 of these 13 neonates who had 
either respiratory or a mixed pattern of acidemia.’ Con- 
versely, among those with pH values =7.00 and an 
Apgar score <3, seven (14%) had hypotonia and 
two (4%) had a seizure. One infant had an umbil- 
ical artery blood pH of 7.11 and early onset group 
B streptococcal sepsis. Importantly, when infants had 
both low Apgar scores and pH values the frequency 
of serious neonatal morbidity significantly increased 
(p < 0.05). Specifically, all required resuscitation at 


birth and approximately one half demonstrated neu- 


rologic dysfunction. 


Comment 

Both the American College of Obstetricians and 
Gynecologists’ and the American Academy of Pediat- 
rics'' have challenged use of the Apgar score alone to 
define birth asphyxia. As both of these organizations 
have emphasized, Apgar scores are unsatisfactory for 


the prediction of neurologic outcomes of newborns. It 
is important to recognize that there are several other 
factors that can account for low Apgar scores besides 
“asphyxia” such as gestational age, maternal medica- 
tions, type of anesthetic administered, and the person 
who assigned the score.’ In an attempt to more objec- 
tively define immediate newborn condition, several in- 
vestigators have recommended use of umbilical blood 
acid-base determinations.® '*"* However, reliance solely 
on newborn acid-base status to define birth asphyxia 
has been thwarted by the unrealistically high pH values 
used to define pathologic acidosis. For example, a com- 
monly used definition of newborn acidosis or “acide- 
mia” is umbilical blood pH <7.20, but the majority of 
sich newborns wil be vigorous at birth and will not 
have obvious neonatal sequelae.® * This was borne out 
in our investigation; 385 infants (14%) were acidotic by 


` this definition and yet the majority were vigorous at 


birth and without neurologic sequelae. 

It also has been reported that there is a poor cor- 
relation between Apgar scores and umbilical blood pH 
values. Sykes and associates” defined pathologic aci- 
dosis as pH <7.11 and reported that 81% of infants 
with low 5-minute Apgar scores (<7) were not acidotic 
at. birth; conversely, 73% of those who were acidotic 
had normal Apgar scores. Regardless, the Apgar scor- 
ing system continues to be the most commonly used 
method to define birth asphyxia. for example, accord- 
ing to The International Classification of Disease,’ mild as- 
phyxia is defined as a l-minute Apgar score <6 and 


` severe asphyxia is defined as a 1-minute Apgar score 


3. If these definitions were used in the present study, 
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Table IV. Characteristics and neonatal outcome of five infants with seizures 


















Umbilical 











Day of artery 
Infant seizure blood pH Complications Outcome 
je 10 $ 7.31 9,9 rH isoimmunization, meningitis Discharged day 18 
2 1 7 3, 5, 7 Meconium aspiration, group B streptococcal Died day 2 
° ; sepsis S 
3 1 6.59 2,3,4 © Congenital syphilis Discharged day 11 
4 I 7.20 3,6,8 Meconium aspiration, pneumothorax, pneumo- Died day 22 


mediastinum 


5 l 6.59 1,3,3 Uterine rupture Discharged day 30; 


` cerebral palsy 








*Scores at 1 minute, 5 minutes, and 10 minutes. 


Table V. Neonatal morbidity in relation to combination of low l-minute Apgar scores and low umbilical 
artery blood pH values 





















pH <7.00; pH =7.00; pH <7.00 
Apgar score Apgar score Apgar score 
>3 s3 s3 






(n = 13) 






(n = 5) 





Newborn complications Comparison* 
Intubation l 8 NS 8 16 0.0004 5 100 
Admission to special care nursery 1 8 NS 15 31 NS 2 40 
Respiratory disease 2 15 NS 13 27 NS 3 60 
Hypotonia 0 NS 7 14 0.03 3 60 
Seizures . 0 NS 2 4 0.03 2 40 


*Statistical comparison of adjacent groups shown in table. 


267 or approximately 10% of the newborns would have 
been diagnosed to have mild asphyxia and 55 (2%) to 
have severe asphyxia. Yet virtually all of these infants 
were normal in the immediate newborn period. 
‘Because neither the Apgar score nor acid-base status 
alone correlated well with neonatal morbidity, we an- 
alyzed the effects of combined low Apgar scores and 
low pH values. Of the newborn who had an Apgar score 
<$ and an umbilical artery blood pH <7.00, all resus- 
citation at birth and approximately one half had neu- 
rologic abnormalities that included hypotonia or sei- 
zures. No infant with an Apgar score >3 and a pH 
<7.00 had seizures. One infant with a 1-minute 
Apgar score of 3 and a pH of 7.11 had seizure ac- 
tivity in the ‘first 24 hours of life. This infant 
had early onset group B streptococcal sepsis, which 
likely was the cause of -hypoperfusion leading to 
brain damage and seizures. The combination of 
an -Apgar’ score $3 and pH <7.00 was a sensi- 
tive predictor of all cases of setious neonatal mor- 
bidity. . , 
Cerebral dysfunction as evidence by seizures in the 
newborn period may result from metabolic abnormal- 
ities (e.g., hypoglycemia), infection, malformations, 


trauma, or true birth asphyxia.’ There were five (1.8 
per 1000) infants in the present study who had signif- 
icant neurologic. sequelae (i.e., seizures) during the neo- 
natal period. These five infants demonstrate the plu- 
rality of causes for newborn cerebral dysfunction. One 
newborn had a séizure on day 10 that was due 'to men- 
ingitis. Infection (group B streptococcal sepsis and con- 
genital syphilis) was implicated in two other infants. 
The fourth infant had an umbilical artery blood pH of 
7.20 at delivery and pulmonary insufficiency developed 
as' a result of meconium aspiration. The pH of this- 
infant decreased acutely to 6.91 soon after arrival in 
the nursery and the infant subsequently convulsed. 

This time sequence suggests neonatal asphyxia as Op- 
posed to birth asphyxia. The fifth infant had an um- 
bilical artery blood pH of 6.59, l- and 5- -minute Apgar 
scores of 1 and 3, respectively, and was delivered by 
cesarean section because of fetal distress due to uterine 
rupture. This is the only infant in the entire study pop- 
ulation who had seizures and no other associated caus- 
ative factors for this brain disorder. Cerebral palsy was 
diagnosed in this infant before discharge; ` f 

It is evident from this investigation of 2738 term 
pregnancies with intrapartum complications that new- 
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born cerebral dysfunction manifested as seizures and 
attributable to true birth asphyxia is extremely rare. 
The study results now reported suggest the infant must 
be severely depressed at birth to implicate birth as- 
phyxia as the sole cause of newborn seizures. Such 
depression includes (1) extremely low Apgar score <8, 
(2) umbilical artery blood pH <7.00, and (3) need for 
resuscitation at birth. Towbin“ has also concluded that 
infants who sustain central nervous system damage are 


severely depressed at birth. He stated, “It is implausible — 


to believe that cerebral palsy developing in an infant 
can be attributed to massive acute cerebral damzge in- 
curred intranatally in an infant who was in good clinical 
condition soon after delivery.” Other also have ob- 
served that seizures within the first day of life may be 
a sign of newborn brain dysfunction as a result of as- 
phyxia.® '©18 This observation that newborn brain dis- 
orders can only be attributed to birth asphyxia when 
the infant is extremely ill at birth is also supporzed by 
animal studies. Such studies indicate that animals must 
have almost lethal hypoxia before encephalopathy and 
neurologic damage develop.* °We conclude thar birth 
asphyxia that leads to newborn seizures is very rare and 
that such neurologic dysfunction may result from a 
plurality of causes. Caution must be exercised before 
attributing birth asphyxia as the sole explanation for 
seizures in the immediate newborn period. An infant 
who is asphyxiated at birth must be severely depressed 
to include Apgar scores <3, fetal pH <7.00, require 
resuscitation, and have seizures in the first day after 
birth. The impact of lesser degrees of asphyxia a3 med- 
sured by Apgar score and acid-base status at birth ré- 
mains unknown. A limitation in the design of this study 
is that there is now follow-up beyond the newborn pe- 
riod and it is possible that other infants in the study 
group would later show signs of cerebral dysfunction. 
Thus long term follow-up studies are necessary to com- 
pletely elucidate the role of birth events in the genesis 


of infant brain disorders. Until such information be- 


comes available, we believe it is inappropriate to di- 
agnose birth asphyxia unless the infant is both severely 
depressed and acidotic at birth. 
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First-trimester midgut herniation: A high-frequency 
transvaginal sonographic study 


Ilan E. Timor-Tritsch, MD, Wendy B. Warren, MD, David B. Peisner, MD, and 


Exenia Pirrone, LPN 
New York, New York 


The application of high-frequency transvaginal sonography offers new opportunities in scanning for 
malformations during the first trimester of pregnancy. Scanning of the anterior abdominal wall and the 
umbilical cord insertion at this gestational age is feasible. A cross-sectional study of 61 embryos-fetuses 
from 7 to 12 weeks of gestation was performed to observe the physiologic midgut hernia. This herniation 
was detected in 64% of the cases at 8 weeks, in 100% during weeks 9 and 10, and in 25% at 11 weeks’ 
gestation. None of the fetuses studied at 12 weeks had a midgut herniation. Vaginal sonography of the 
well-dated fetus at 12 weeks can confirm the final development of the anterior abdominal wall. (Am J 


OssTeT GYNECOL 1989;161:831-3.) 


Key words: Embryo, fetus, ultrasonography, transvaginal ultrasonography, ventral wall 
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hernia, physiologic midgut hernia 


High-frequency transvaginal transducer probes pro- 
duce a high-resolution image of the first-trimester em- 
bryo.' Indications for vaginal scans in the first trimester 
include the detection of structural abnormalities. Fa- 
miliarity with the potential of this technique is necessary 
to discover various anatomic defects. Relatively com- 
mon birth defects of the ventral wall are omphalocele 
and gastroschisis, which occur at a rate of 1 in 4000 to 
1 in 6000 live births. The normal process of the phys- 
iologic midgut herniation is well known. Timely diag- 
nosis of a fetal ventral wall defect at the end of the first 


trimester would benefit the obstetric management of 


the patient and the surgical management of the fetus 
or neonate. 

We focused our study on the complete disppearance 
of the physiologic midgut herniation to determine any 
deviation from the norm in patients who were at high 
risk for a congenital abdominal wall defect. 


Material and methods 

Sixty-one first-trimester pregnancies ranging from 7 
to 12 weeks (inclusive) were scanned to observe the 
appearance or disappearance of the midgut herniation 
into the umbilical cord. Every patient was studied only 
once. A 6.5 MHz mechanical sector transducer probe 
(ESI-1000 Elscint, Inc., Haifa, Israel) was used. 
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yestational ages are given in menstrual weeks and 
days calculated from the first day of a certain and reg- 
ular last menstrual period or the known date of con- 
ception. Crown-rump length was measured for each 
patient. The mean values for the gestational age in 
weeks and the patient distribution are given in Table 
I. We examined views of a transverse plane at the level 
of the abdominal insertion of the umbilical cord and a 
midsagittal section of the embryo to demonstrate the 
same anatomic area (Figs. | and 2). If the cross- 
sectional measurement at the immediate abdominal in- 
sertion of the cord was at least 1.5 times larger than 
the size of the cord, the presence of the midgut her- 
niation was assumed. 

Regardless of its position in the cord or in the ab- 
dominal cavity, before and after 12 weeks, respectively, 
the midgut could be easily located by its hyperechoic 
properties. 


Results 


The gestational ages by mean measurement of the 
crown-rump length correlated well (+ 1 to 2 days); the 
mean gestational age was calculated by the clinical dat- 
ing for each gestational week. 

During the seventh week, the exact location of the 
abdominal insertion of the cord could not be detected. 
Therefore the presence or the absence of a midgut 
herniation could not be seen. 

The thickening of the cord was clearly seen in 7 of 
the 11 (64%) fetuses studied throughout the eighth 
week. 

All fetuses studied during the ninth and tenth weeks 
(11 and 7 cases, respectively) demonstrated a significant 
thickening of the cord at the level of the abdominal 


831 


832 Timor-Tritsch et al. September 1989 
Am J Obstet Gynecol 





Fig. 1. Cross-section of 9-week 6-day fetus with crown-rump length of 27 mm at level of abdominal 
insertion of umbilical cord. Note that umbilical cord (UC) measures 2 mm and that diameter at its 
thickened abdominal insertion representing herniation of midgut (MH) is 4 mm. 





Fig. 2. Midsagittal section demonstrates difference in caliber between umbilical cord (UC) and 
hyperechogenic midgut herniation. Obvious high echogenicity of herniated midgut (MH) equals 
that generated by facial structures of face and upper limb (open arrow). 
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Table I. Distribution of patient population 





Mean gestational age by 
clinical dating 






Gestation (wk) 





7 18 7+3 

8 ll 8+3 

9 ll 9+3 

10 7 10+ 2 

11 8 11+2 

12 6 124+ 3 
TOTAL 61 





Mean crown-rump 


Transvaginal sonography and ventral hernia 833 











Gestational age by mean 






length (mm) crown-rump length* Ventral hernia seen 
11.8 7+4 0 
16.8 - &+2 7 (64%) 
26.0 G+ 3 11 (100%) 
33.6 1042 7 (100%) 
48.0 114+5 2 (50%) 
53.0 1241 (j 


*Gestational age expressed in weeks + days. Crown-rump length as determined by Robinson and Fleming.*. 


insertion. During this period it was relatively easy to 
image the finding. 

Only four of the eight fetuses (25%) studied at 11 
weeks demonstrated the midgut herniation. The re- 
mainder of the six fetuses were considered to have 
normal cord insertions. 

The cord thickening containing the hyperechogenic 
content could not be imaged in any of the six fetuses 
scanned at 12 weeks. 


Comment 


Throughout its early embryologic development, the 
gut undergoes a counterclockwise rotation during 
which it is “forced” to assume an extracorporeal posi- 
tion within and along the base of the umbilical cord. 
This physiologic midgut herniation is probably caused 
by the relative lack of space created by the fast-growing 
liver during menstrual weeks 7 to 11. 

The successful detection and significance of the phys- 
iologic midgut herniation by transabdominal ultraso- 
nography has been reported.* * However, we project 
that the use of the high-frequency transvaginal ultra- 
sonographic scanning method, when applied in the first 
and early second trimesters, will replace the ultraso- 
nographic malformation workup currently done by 
transabdominal ultrasonography. The projected in- 
crease in the use of transvaginal scanning prompted us 
to evaluate its diagnostic abilities in imaging the phys- 
iologic midgut hernia. 

The distinct hyperechogenicity of the bowel facili- 
tated the identification of this well-defined structure in 


the cord before 11 to 12 weeks or within the abdominal 
wall during and after the twelfth week. The ventral 
herniation was not seen by vaginal ultrasonography in 
fetuses after 12 completed weeks of gestation. The par- 
ticularly exaggerated curve of the fetal body before 8 
weeks makes it difficult to identify the insertion of the 
umbilical cord; therefore the midgut herniation was not 
detected before 8 weeks, 

The results of this study suggest that the final de- 
velopment of the fetal anterior abdominal wall, either 
normal or abnormal, can be seen by vaginal ultraso- 
nography by 12 completed weeks, assuming that the 
gestation is well dated. Early identification of a ventral 
wall defect would allow time for further genetic eval- 
uation of the fetus (i.e., chorionic villus sampling). 

We conclude that vaginal ultrasonography by means 
of a higher-frequency probe, enables a reliable and 
relatively easy detection of the migrating midgut and 
its retraction into the fetal abdominal cavity before 12 
weeks. This information is clinically important and 
useful. 
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Calcium intake and pregnancy- 

induced hypertension 
To the Editors: 

Belizan, Villar, and Repke in their article (The re- 
lationship between calcium intake and pregnancy- 
induced hypertension: up-to-date evidence. Am J D8- 
STET GYNECOL 1988;158:898-902) detailed the re- 
lationship of calcium intake and the incidence of 


pregnancy-induced hypertension (PIH). They ncted - 


that supplementation of 1.0 gm of elemental calctum 
was associated with the reduction of diastolic blood 
pressure in reproductive women. They also cited a 


study from Equador in which calcium supplementation | 


was associated with a lower (6.5%) incidence of PIH, 
as compared with the placebo group (28.2%). 

In addition to their studies, they sited several stucies 
in which the calcium intake was associated with a lower 
incidence of PIH even in the poor (often-sted as high- 
risk group for PIH). No mention was made to the rel- 
evance and function of magnesium, a critical counter- 
part of calcium. I would like to know whether the mag- 
nesium levels in their patients were noted either in their 
observations or in those to which they referred. 

I am surprised to learn that if indeed “it has been 
widely documented that there is an inverse relationslip 
between calcium intake and blood pressure” that “to 
date, there are no available reports conclusively dem- 
onstrating this association” and that “it could be pre- 
mature to recommend calcium supplementation to all 
pregnant women with the prevention of pregnancy- 
induced hypertension as the only objective.” 

On the basis of my understanding of the role of maz- 
nesium in the physiology of pregnancy, I have used 
supplementation of magnesium’? in all pregnant 
women and have observed beneficial effects on PIH 
(incidence and severity) and the effects on low birth 
weight rates? (premature and intrauterine growth re- 
tardation). 

Stefan Semchyshyn, MD 
22 Old Short Hills Road 
Livingston, NJ 07039 


REFERENCES 


1. Altura BM, Altura BT, Carella A. Magnesium deficiency- 
induced spasms of umbilical vessels: relation to preeclamp- 
sia, hypertension, growth retardation. Science 19833221: 
376-8. 

2. Conradt A, Weidinger H, Algayer H. The decrease of 
the incidence of preeclampsia in pregnancies treated 
with betamimetics and additional magnesium. Geburtshilfe 
Frauenheilkd 1984;44:118-23. 

3. Semchyshyn S. Preventing prematurity, part II; managing 
early labor. Female Patient 1986;11:20-32. 


Reply 
To the Editors: 

We thank Dr. Semchyshyn for his interest in our 
article and the opportunity to discuss some aspects of 
the relationship between magnesium load and preven- 
tion of pregnancy-induced hypertension (PIH). 


As we mentioned in our article, magnesium reduces 
the transport of icnized calcium into the cell and then 
decreases the degree of tension of vascular smooth 
muscle cells. We hypothesized that the same effect is 
produced by a rise in calcium intake and could there- 
fore explain why calcium and magnesium load could 
have beneficial effects on PIH. 

We do not have experience with magnesium supple- 
mentation to prevent PIH but Dr. Semchyshyn quoted 
a retrospective study of Conradt et al.’ that showed a 
reduction of the frequency of fetal growth retarda- 
tion and PIH with magnesium supplementation. In 
a double-blinded randomized clinical trial of 568 
pregnant women. (278 with 15 pmol of magnesium 
aspartate-hydrochloride and 290 with a placebo) from 
the 16 weeks’ gestation onward, Spalting and Spälting? 
showed no reduction in PIH in the supplemented 
group. However, they showed a reduction on the in- 
cidence of low birth weight infants (=2500 gm) and a 
significant reduction to one half on the incidence of 
preterm deliveries (<37 weeks’ gestation). 

These observations in conjunction with the adjunt 
mechanisms of these two minerals on the intracellular 
calcium levels, encourage the performance of research 
on this subject with supplementation studies with a fac- 
torial design with independent and combined calcium 
and magnesium. 

With regard to magnesium levels in our studies, 
no significant changes were evident in magnesium 
serum levels in calcium-deprived rats,’ in calcium- 
supplemented young men and women,’ and in 
pregnant women’ in comparison with their control 
groups. 

Finally, we would like to point out a pitfall in Dr. 
Semchyshyn’s interpretation of the test. Although we 
said “it has been widely documented that there is an 
inverse relationship between calcium intake and blood 
pressure” when we stated that “to date, there are no 
available reports conclusively demonstrating this asso- 
ciation,” we referred to the association between calcium 
supplementation during pregnancy and reduction of 
PIH. Consequently “it could be premature to recom- 
mend calcium supplementation to all pregnant women 
with the prevention of pregnancy-induced hyperten- 
sion as the only objective.” 

José M. Belizin, MD 
Centro Rosarino de Estudios Perinatales 
Br. Oroño 500 
(2000) Rosario, Argentina 

José Villar, MD 

Prevention Research 
National Institute of Child Health and Human Development 
National Institutes of Health 
Executive Plaza North 
Bethesda, MD 20892 
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Analytical and clinical sensitivity and specificity 

in pregnancy testing 
To the Editors: 

Emanicipator et al. (Emanicipator K, Cadoff EM, 
Burke MD. Analytical versus clinical sensitivity and 
specificity in pregnancy testing. AM J OBSTET GYNECOL 
1988;158:613-6) stated that whereas the clinical value 
of the newer immunoenzymetric monoclonal assays for 
human chorionic gonadotropin (hCG) are sufficient for 
early pregnancy testing, analytical sensitivity is still in- 
ferior to serum radioimmunoassay. There can be no 
doubt that these assays are well established as reliable 
and convenient methods of detection of urinary hCG 
in a variety of clinical states. We have shown that there 
is an approximately unitary relationship between blood 
and urine values of hCG in patients with first trimester 
pregnancy, whether the gestational sac is intrauterine’ 
or in the fallopian tube.? This permits the use of qual- 
itative urine hCG measurement to determine prgnancy 
status, and we have shown in several studies that 
the Tandem Icon pregnancy test (Hybritech Inc., 
San Diego, Calif.) will detect urine hCG in every case 
of ectopic pregnancy with a positive predictive index 
of 100% and a negative index of 99.6%" (serum ra- 
dioimmunoassay results, 96.7% and 99.6%, respec- 
tively). Therefore, Emanicipator et al. confirm our pro- 
posal that the immunoenzymetric assays for hCG have 
a high clinical sensitivity and specificity for pregnancy. 

However, they overlook the fact that when these 
newer assays are applied to urine the assays may have 
superior analytic qualities in addition to their clinical 
value. We have demonstrated that the Tandem Icon 
test can be made sufficiently sensitive to 1 IU/L (first 
international reference preparation) by a simple mod- 
ification of filtration of 8 ml of urine. The assay can 
be performed at the bedside by nonlaboratory person- 
nel in 5 minutes? and has no significant crossreaction 
with undefined urinary interfering substances. All 
these parameters are superior to the conventional ra- 
dioimmunoassays in which both serum and urine sam- 
ples may give background “noise.” In addition, newer 
densitometric equipment permits the quantitation of 
hCG levels with the Tandem Icon test, whether the test 
fluid is urine or (preferably) serum. 

There is little doubt that serum radioimmunoassay 
has been replaced by qualitative immunoenzymetric 
hCG assays in the detection of pregnancy status. Where 
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radioimmunoassay still has a role is in the determina- 
tion of quantitative levels for discriminatory zones or 
rate of increase of hCG to assist in the determination 
of the site of the gestation. 

R. J. Norman, MD 
Department of Obstetrics and Gynecology 
University of Adelaide 
Queen Elizabeth Hospital 
Woodville, South Australia 5011 
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Reply 
To the Editors: 

Our study’ showed that results of the Tandem Icon 
human chorionic gonadotropin (hCG) urine pregnancy 
test, when performed according to the manufacturer’s 
instructions, were positive in the overwhelming major- 
ity of cases in which there was detectable hCG in the 
serum by radioimmunoassay (RIA). Of nine patients 
with adequate clinical follow-up, negative results of a 
Tandem Icon hCG urine test, and detectable hCG in 
the serum by RIA, only one proved to be pregnant. By 
increasing the analytical sensitivity of the urine preg- 
nancy test, a small increase in the clinical sensitivity 
would be achieved, but only at the expense of an equiv- 
alent decrease in clinical specificity. The net clinical 
efficiency would be slightly reduced. In general, there 
seems to be no advantage to increasing the analytical 
sensitivity of the urine pregnancy test. 

Arguably, in certain circumstances it may be desirable 
to maximize clinical sensitivity at the expense of clinical 
specificity. Buck et al.? propose that two such circum- 
stances are a woman awaiting roentgenography in the 
second half of her menstrual cycle and a woman with 
suspected ectopic pregnancy. With proper shielding of 
the uterus, roentgenography of the skull, chest, cervical 
spine, or extremities roentgenography increase the risk 
of birth defects by only 0.00001% to 0.0001%. There- 
fore necessary roentgenography should never be with- 
held. Elective roentgenography should be scheduled 
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during the first 10 days of the menstrual cycle.’ Urine 
pregnancy tests with increased sensitivity may have a 
role in the evaluation of ectopic pregnancy; in our ex- 
perience (unpublished data) and that of others.’ un- 
detectable serum hCG virtually excludes the diagnosis. 
On the other hand, as we have stated previously, ex- 
perience has shown that it is safe to delay operation in 
patients with ectopic pregnancy and very low serum 
hCG levels, and that doing so probably increases pre- 
operative diagnostic accuracy.® 

We did not mean to imply that enzyme-linked mono- 
clonal immunoassays in general have inferior analytical 
sensitivity compared with RIA. We stated that tke an- 
alytical sensitivity of urine pregnancy tests (commer- 
cially available at the time) were inferior to that of the 
RIA. Recently, a ‘quantitative serum enzyme-Lnked 
monoclonal immunoassay for hCG with an analytical 
sensitivity of 0.34 IU/L (first international reference 
preparation) was described.® Clearly, this assay rivals 
any RIA. i 

Finally, it should be noted that shortly after the con- 
clusion of our study, Hybritech, Inc. (San Diego, Calif.) 
introduced the Tandem Icon II hCG urine test. This 
assay is more analytically sensitive than the older ver- 
sion. Fortunately, an internal standard allows the user 
to determine whether detectable urinary hCG levels are 
> or <50 IU/L (first international reference prepa- 
ration). Therefore the test has three possible results: 
“negative,” “borderline” (<50 IU/L), and “positive” 
(>50 IU/L). The physician may act on borderline re- 
sults as deemed appropriate for the clinical situation. 

Kenneth Emancipator. MD 

National Institutes of Health 
Building 10, Room 2C407 
Bethesda, MD 20892. 
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Neonatal seizures and cesarean section 
To the Editors: 

Spellacy and colleagues (Spellacy WN, Peterson PQ, 
Winegar A, Quilligan EJ. Neonatal seizures after ce- 
sarean delivery: higher risk with labor. AM J OBSTET 


September 1989 
Am J Obstet Gynecol 


GYNECOL 1987;157:377-9) have shown that for infants 
with birth weights >2500 gm, primary cesarean section 
with labor is associated with a significantly higher in- 
cidence of neonatal seizures than is repeat elective ce- 
sarean section without labor. They suggest that labor, 
of itself, may cause a threefold increase in the incidence 
of seizures in these larger infants. Paradoxically, infants 
with birth weights <2500 gm did not appear to be 
adversely affected by labor, despite their inherent sus- 
ceptibility to the adverse effects of intrapartum hy- 
poxia. By looking only at patients delivered by cesarean 
section, the authors have biased their analysis. To at- 
tribute blame to labor they should have compared out- 
comes of all patients who labored with outcomes of 
those delivered by cesarean section. However, if Spel- 
lacy and colleagues are correct, the explanation must 
lie in the characteristics of labor in the group with larger 
infants. Further analysis of the data base may help to 
clarify matters. It is likely that the majority of cases of 
primary cesarean section involved primigravid women, 
whereas all the repeat cesarean sections were, by def- 
inition, in multiparous women. It is probable that in 
Illinois, as elsewhere, the incidence of seizures is higher 
in first-born infants.’ The data from Illinois also suggest 
that the incidence of cesarean section in labor was sig- 
nificantly higher in primigravid women, similar to ex- 
perience in our institution.’ i 

If my interpretation of the data is correct, the real 
question revolves around what characteristics of first 
labors in Illinois predispose patients to a high incidence 
of both neonatal seizures and cesarean section where 
birth weight is >2500 gm. Previous studies suggest that 
the incidence of seizures may be related to the duration 
of labor.” It would therefore be interesting to know 
the average duration of labor in primigravid women 
delivered of infants in Illinois. Perhaps a high incidence 
of prolonged or abnormal labor (dystocia) has resulted 
in a high incidence of both seizures and cesarean sec- 
tion. In primigravid patients at our institution the av- 
erage duration of spontaneous labor is 7.0 hours (11.0 
hrs if labor is induced), the incidence of cesarean sec- 
tion in spontaneous labor is 10%, and the incidence of 
seizures is 1.9 per 1000. Our low incidence of cesarean 
section is attributed to active management of labor.’ An 
explanation of the lower incidence of seizures is not 
immediately apparent, although information with re- 
gard to duration of labor in primigravid women in | 
Illinois might help us reach an answer. The fact that 
labor did not appear to have an effect on the smaller 
infants supports the proposition that length of labor 
has a significant influence on seizure incidence, inas- 
much as labor is generally shorter with low birth weight. 
A solution to the apparently high incidence of seizures 
reported by Spellacy and colleagues may lie in a dif- 
ferent approach to management of labor, such as active 
management, rather than the implied solution of more 
liberal use of cesarean section. 

Finally, I fear that the figures reported by Spellacy 
and colleagues may encourage more liberal use of ce- 
sarean section in the management of dystocia in pri- 
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migravid women, a practice largely responsible for the 
current cesarean epidemic.’ 
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Peter Boylan, MD 

Associate Professor 

University College Dublin 

Department of Obstetrics and Gynecology 

National Maternity Hospital 

Holles Street 

Dublin 2, Ireland 


Reply 
To the Editors: 

I appreciate the thotughtfl I letter from Dr. Boylan 
concerning our article on neonatal seizures ahd cesar- 
ean delivery. As expected, there were more primigrav- 
idous patients in the primary cesarean section group, 
but we could not show more seizures in first-born chil- 
dren when controlled for birth weight. 

Whereas the duration of labor may be an important 
variable, even more critical may be the development of 
fetal hypoxia during that labor. The article did not 
suggest that long labors should be treated by. cesarean 
section but rather that infant brain insults can occur 
during labor, as opposed to them all occurring before 
labor, and that this critical time in the infant’s life must 
be carefully monitored and managed by the obste- 
trician. 

William N. Spellacy, MD 
Department of Obstetrics and Gynecology 
College of Medicine 
University of South Florida 
4 Columbia Dr. 
Tampa, FL 33606 


Is central venous pressure monitoring 
“contraindicated” in patients with 
severe preeclampsia? 


To the Editors: 

We read with interest the article by Clark and Cotton 
in your March issue (Clark 5L, Cotton DB. Clinical 
indications for pulmonary artery catheterization in the 
patient with severe preeclampsia. Am J OBSTET GY- 
NECOL 1988;158:453-8). We found it to be a well- 
written review of the literature on the hemodynamic 
findings associated with sevére preeclampsia. However, 
we do not believe that the literature to date supports 
all their conclusions. We are not convinced that simple 
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central venous pressure monitoring is contraindicated in 
these patients. Nor have we seen any literature to sup- 
port their contention that such patients can be managed 
better clinically than with the additional information 
provided by. central venous pressure monitoring. Fi- 
nally, we believe the proposal to placé’a pulmonary 
artery catheter each time the use of nitroprusside “is 
contemplated” would, unjustifiably increase the use of 


‘pulmonary artery catheters. 


We agree that one must not seek to translate a central 
venous pressure value into a value of pulmonary cap- 
illary wédge pressure as this has been repeatedly shown 
to be inaccurate.” But we hope that the clinician does 
not treat any of his patients (preeclamptic or not) solely 
on the basis of a central venous pressure reading or 
any other single number. It is important to note that 
the literature does show some relationships of the cen- 
tral verious pressure level to the pulmonary capillary 
wedge pressure values in patients with severe pre- 
eclampsia. It can be noted in the Cotton et al.’ study 
in the same March issue, and in previous studies,?* that 
when the central venous pressure level is <4 mm Hg 
the pulmonary capillary wedge pressure will be <18 
mm Hg. ‘The study by Cotton et al.' demonstrated 
that'51% of their patients will be seen with a central 
venous pressure value <3 ram Hg; thus it follows that 
the central venous pressure level alone will produce 
reliable information in the majority of patients. Only 
whei the central venous pressure begin to rise above 
this value (typically to values of 7 or 8 mm Hg) is there 
a risk that.the patient will have an elevated pulmonary 
capillary wedge pressure level with a normal central 
venous pressure level. This information can be used to 
assist therapeutic decisions without subjecting the pa- 
tient to the unique risks of floating a pulmonary ariery 
catheter (particularly in patients with potential bleeding 
disorders).‘ In fact, the central venous pressure level 
may be a “more accurate” indicator of low intravascular 
volume than is the wedge pressure.’ This is often the 
information that is necessary when attempts are made 
to replenish a patient’s intravascular volume before ini- 
tiation of an epidural or general anesthetic.’ It is im- 
portant to realize the limitations of ceritral venous pres- 
sure monitoring; but if used with caution in the proper 
circumstances it can provide clinically useful informa- 
tion with minimal risk to the patient.° One can also use 
the initial central venous pressure value and its sub- 
sequent response to a gentle fluid challenge to help 
determine the need to go on to Jeera artery cath- 
eter monitoring.‘ 

It is stated by Clark and Cotton that a patient with 
severe preeclampsia should be managed either clini- 
cally or with the aid of a pulmonary artery catheter. 
Multiple studies have demonstrated the inaccuracy of 
attempts to predict clinically the volume status in crit- 
ically ill patients.” There is no data to suggest otherwise 
in patients with severe preeclampsia. Nor is there any 
study that supports the contention that physicians can 
determine a patient’s volume status more accurately by 
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clinical examination alone than they can by clinical ex- 

amination and central venous pressure monitoring. 
Finally, Clark and Cotton dictate that when nitro- 

prusside “is contemplated” a pulmonary artery cataeter 


should be placed. This statement would encompass all- 


severe and many, moderate preeclamptic patients about 
to receive a general anesthetic agent inasmuch as ni- 
troprusside (or another potent vasodilator) is usually 
on standby. This practice would greatly increase the 
number of pulmonary artery catheters placed in-ob- 


stetrics suites across the United States. In light of the 


extra cost and potential risks, this recommendation 
should be supported by comparative outcome studies 
before it is labeled as “mandatory.” , 

In conclusion, although the central venous pressure 
value cannot be directly translated into a number that 
always matches the pulmonary capillary wedge pres- 
sure value, it is certainly not a useless piece of infor- 
mation. We believe it is unwarranted to claim tha: this 
long-used indicator of intravascular volume is contrain- 
dicated in the patient with severe preeclampsia. 

David G. Woodward, MD 

Mark E. Romanoff. MD 
Clinical Instructors of Anesthesiology 
Department of Anesthesia 
Wilford Hall USAF Medical Center 
Lackland Air Force Base 
San Antonio, TX 78236 
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Reply 
To the Editors: | | 
-We would like to thank Drs. Woodward and Roman- 
off for their interest in our article. These authors focus 


. onthe utility of central venous pressure monitoring for 


the determination of intravascular volume in patients 
with severe preeclampsia. This is puzzling inasmuch as 
it is well known that patients with severe preeclampsia 
are volume contracted; -the clinician does not need any 
type of invasive monitoring to be assured of this prin- 
ciple. 

“The information we seek from pulmonary artery 
catheterization goes far beyond simple assessment of 
intravascular volume. Assessment of myocardial func- 
tion and systemic vascular resistance is far more im- 
portant in complicated preeclamptic patients than is the 
assessment of intravascular volume, which is already 
known to be decreased. When volume considerations 
are important in any-individual patient, it is meaning- 
less to know that central venous pressure levels cor- 
relate with wedge pressure levels in “most” (70% to 
80%) patients. 

Further, we fail to understand the authors’ statement 


' with regard to “unique risks” of a pulmonary artery 


catheter in patients with bléeding disorders. In such 
patients obtaining central venous access is the problem. 
The additional risks of floating the pulmonary artery 
catheter through the central venous sheath haye, noth- 
ing to do with bleeding disordérs. Large studies that 
deal with both obstetric and nonobstetric patients have 
shown clearly that most complications of pulmonary 
artery catheterization involve obtaining central venous 
access and would be the same whether simple central 
venous pressure assessment or the more comprehen- 
sive information derived from pulmonary Sien cath- 
eterization is -obtained.'? 

‘Finally, the authors are concerned that our recom- 
mendations “would encompass all severe and’ many 
moderate preeclamptic patients about to receive-a gen- 
eral anesthetic agent.” With very few exceptions, epi- 
dural anesthesia is the anesthetic method of chọice'for 
patients with sévere preeclampsia, Thus, preéclamptic 
patients who are about to receive a general anesthetic 
agent should be few and far between. ini most modern 
obstetric centers. For such patients, agents that are less 
potentially dangerous including B-blockers and nitro- 
glycerine are effective in the reduction of blood pres- 
sure fluctuations: associated with induction of general 
anesthesia, The use of such agents would not require 
invasive monitoring. 

We remain emphatic in our belief that the over- 


whelming majority of patients with severe preeclampsia 


may be expertly managed without resorting to invasive 
monitoring of any type. However, for those few com- 
plicated patients, in whom invasive monitoring is con- 
templated, we see no benefit in being content with cen- 
tral venous pressure assessment of intravascular vol- 
ume. Simple assessment of central venous pressure 
levels has essentially disappeared from modern critical 
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care medicine. As obstetricians become familiar with 
pulmonary artery catheterization, assessment of central 
venous pressure levels in obstetrics should likewise be- 
come obsolete. 

Steven L. Clark, MD 
Utah Valley Regional Medical Center 
1034 N. 500 W. 
Provo, Utah 84604 

David B. Cotton, MD 
Department of Obstetrics and Gynecology 
Baylor University College of Medicine 
1 Baylor Plaza 
Houston, TX 77030 
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Recurrence of functional ovarian cysts after 
laparoscopic fenestration 


To the Editors: 

After preoperative vaginal examination and echo- 
graphy, we performed operative laparoscopic fenestra- 
tions in young women with ovarian cysts. The mean 
diameter of the cysts was 6.0 cm (range, 3.7 to 
11.3 cm). Only follicular and corpus luteum cysts were 
studied. As in endometriomas, teratomas, and para- 
ovarian cysts, we made a total laparoscopic extraction 
of the cyst wall. 

In a series of 104 patients with a mean age of 30.4 
years, the ovarian cysts were fenestrated’ by the same 
endoscopic surgeon during 1985 to 1987. We saw no 
postoperative complications such as bleeding or pelvic 
inflammatory disease. The histopathology of the win- 
dow revealed 58% follicular cysts and’ 42% corpus lu- 
teum cysts; no malignancy was found. 

When we looked at the influence of combined oral 
contraceptives taken preoperatively we found that 29% 
of the patients took oral contraceptives at the time the 
functional cyst developed. A total of 91 women were 
followed up. The mean follow-up time was 20 months. 
With the use of vaginal examination and echography, 
we found a recurrence rate of 8% (7/91). It was, how- 
ever, impossible to distinguish between a new disease 
or a recurrent cyst. Again, no malignancy was found. 

When pelvic adhesions were seen at the laparoscopy, 
a higher recurrence rate of 11%, compared with 6% 
(Table I) was observed. At-random postoperative hor- 
mona] therapy with progestogenic agents or combined 
oral contraceptives showed no protective effect (Ta- 
ble II). Follicular cysts had a recurrence rate of 2%; 
corpus luteum cysts recurred in 14% (Table III). 

We can conclude from our study there was no pro- 
tective effect of postoperative hormonal therapy. We 
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Table I. Influence of pelvic adhesions (n = 91) 


No adhesions | Adhesions 


No recurrence 59 25 
Recurrence 4 3 
Recurrence rate 4/63 (6%) 3/28 (11%) 








Table II. Influence of postoperative hormonal 
therapy (n = 91) 


No Progestogens-combined 
hormonal therapy oral contraceptives 


No recurrence 63 21 
Recurrence 3 4 
Recurrence 3/66 (5%) 4/25 (16%) 


rate 





Table III. Influence of histopathology (7 
patients had both types) (n = 91) 


Follicular cyst Corpus luteum cyst 





No recurrence 53 38 

Recurrence l 6 

Recurrence 1/54 (2%) 6/44 (14%) 
rate 


demonstrated a higher recurrence rate for corpus lu- 
teum cysts than that for follicular cysts. In the presence 
of pelvic adhesions, new cysts tend to occur. Our data 
confirm the safety and efficacy of the operative lapa- 
roscopic fenestration of functional ovarian cysts in 
young women and point out the factors that lead to a 
higher recurrence rate. 

Rudy L. De Wilde, MD 
Department of Obstetrics and Gynecology 
University of Muenster 
Bethesda Clinic 
Hainstrasse 35, D-5600 
Wuppertal 1, West Germany 
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Criticism of publication of 
pharmaceutical-supported research results 
draws response 

To the Editors: 

A thought-provoking letter by Dr. Robert Goodlin 
was published in the March 1989 issue of the AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY (Goodlin 
RC. Pharmaceutical-supported supplements. 1989; 
160:764). Inasmuch as I was cited in the letter as the 
editor of a criticized pharmaceutical-supported sym- 
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posium, I would lke to comment on Dr. Goodlin’s 
views. 

I have a different view of antibiotic research than 
does Dr. Goodlin. I agree with him that there are prob- 
ably too many antibiotics, but I disagree with the logic 
that “It is not necessarily progress to develop and test 
new antibiotics, particularly when present drugs and 
regimens do so well.” This was the same type of state- 
ment that I heard as a medical student in the 1950s 
when I was taught that prophylactic antibiotics were of 
no value and the treatment of choice for postpartum 
endomyometritis was penicillin G and streptomycin. In- 
fections have been a dynamic process in which changes 
in the bacterial pathogens and antibiotic susceptibilities 
have modified our therapeutic approaches. Much of 
our knowledge about the importance of such things as 
anaerobic bacteria and Chlamydia trachomatis in pelvic 
infections have come from studies supported by the 
pharmaceutical industry. For the future health of our 
specialty, I hope that support continues. 

I disagree with Dr. Goodlin’s view that results in the 
symposium in question have been modified to present 
only favorable findings. As the editor for this sympo- 


sium, I know the clinical studies were adequately zon- | 


trolled with results accurately portrayed. Initial reports 
of antibiotics are usually enthusiastic, but that- is the 
rule, not the exception for any new treatment regimen. 
Not every study is controlled in the symposium, but 
even Dr. Goodlin has recommended new therapeutic 
interventions from studies without concomitant zon- 
trols (Goodlin RC. Surgical treatment of patients with 
hour glass—shaped or ruptured membranes prior to 
the 25th week of gestation. Surg Gynecol Obstet 
1987;165:410.). 

Like Dr. Goodlin, I am concerned about the lack of 
journal space. I believe that symposia should be pub- 
lished as supplements separate from the main journal. 
This is a recent decision by the JOURNAL and it is an 
improvement over the inclusion of the supplement 
within regular journal pages. However, I believe the 
weakness of the AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY has always been the publication of 
meeting papers. Despite peer review, I do not think the 
articles from the meetings of the American Gyneco- 
logical and Obstetrical Society, Central Association of 
Obstetricians and Gynecologists, South Atlantic A3so- 
ciation of Obstetricians and Gynecologists, and Pacific 
Coast Obstetrical and Gynecological Society are as good 
as the other published articles. This is a two-tier system 
that causes pressure on JOURNAL space for articles out- 
side of those meetings. 

William J. Ledger, MD 
The New York Hospital 
Cornell University Medical Center 
525 E. 68th St. 
New York, NY 10021 
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Reply 

Dr. Ledger properly brings out the point that infec- 
tions are a dynamic process in which changes in bac- 
terial pathogens and antibiotic susceptibilities have 
modified therapeutic approaches. Research and devel- 
opment continue to bring out new approaches to ther- 
apy and educaticn in obstetrics and gynecology, med- 
icine, and surgery. Dr. Ledger correctly noted that the 
pharmaceutical industry has provided support for 
many of these advancements. With this we agree. 

The AMERICAN JOURNAL OF OBSTETRICS AND GY- 
NECOLOGY does publish reports of observations and 
randomized, blinded, controlled trials in the various 
sections of the JOURNAL, including symposia, if they are 
believed to have value for our readers. 

Dr. Ledger expressed concern about lack of JOURNAL 
space and mentioned that symposia should be pub- 
lished as freestanding supplements, not within regular 
JOURNAL pages. The inference is that a symposium 
published within a regular issue of the JOURNAL with 
consecutively numbered pages reduces the number of 
pages for the publication of manuscripts that are in- 
dividually submitted to the JOURNAL. Such is not the 
case. Whether the supplement is freestanding or within 
the JOURNAL issue, no space (pages) is taken or will be 
taken from that allotted for regularly submitted manu- 
scripts. 

The publication of society papers as a means of dis- 
seminating information to a wide spectrum of obste- 
tricians and gynecologists was the objective of the pre- 
decessor of the AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY, namely, the American Journal of Obstetrics 
and Diseases of Women and Children, which was founded 
and began publication in 1868. The first and subse- 
quent issues contained society articles. In 1876 they 
published papers of the first meeting of the American 
Gynecological Society and in 1888 the papers of the 
first meeting of the American Association of Obstetri- 
cians and Gynecologists. Articles from both societies 
have been published yearly since then (now, with the 
union of the two, as the American Gynecological and 
Obstetrical Society). When the C.V. Mosby Company 
purchased the American Journal of Obstetrics and Diseases 
of Women and Children in 1920, it maintained this ob- 
jective and, as new societies were formed, selected the 
ones for which papers would be published. In addition 
to the ones mentioned by Dr. Ledger the Society for 
Gynecologic Investigation and the Society of Perinatal 
Obstetricians have been added. Societies, their annual 
meetings, and publication of their papers have played 
and are playing an important. role in the development 
and progress of obstetrics and gynecology. Each has a 
purpose. We are pleased to play a role, both historically 
and presently, by publishing articles from their annual 
meetings. 

The Editors 
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International Perinatal Doppler Society (I.P-D.S.), 


Paris, France, September 13-15, 1989. For 
more information contact: Dr. Ph. Arbeille, 
Secretary of the I.P.D.S., Unite INSERM 316, 
C.H.U. Bretonneau, 37044 Tours, France. 


Update in Gynecologic Oncology: An Internazional 


Perspective, October 16 and 17, 1989, 
Worcester, Massachusetts. Sponsored ty the 
University of Massachusetts Medical School, 
Department of Obstetrics and Gynecology. For 
further information contact: Office of Contin- 
uing Education, UMMS, 55 Lake Avenue 
North, Worcester, MA 01655. Tel.: (5081 856- 
3041. 


Problem Solving in Gynecologic Endocrinology and 


Infertility, December 8-9, 1989, The Enick- 
erbocker Hotel, Chicago, Illinois. For -nfor- 
mation contact: The University of Ch:cago, 
Center for Continuing Medical Education, 
5841 Maryland, Box 139, Chicago, IL 60637, 
Tel.: (312) 702-1056. 


Third Annual Symposium and Workshop on Opera- 
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tive Laparoscopy, Pelviscopic Surgery and 
Laser Endoscopy——“Advances and Ccntro- 
versies,” St. Louis, Missouri, October 20-21, 
1989. Sponsored by St. Luke’s Hospital, De- 
partment of OB/GYN, in conjunction with St. 


' Luke’s Hospital Laser Institute. For further 


information contact: Patty Fogertey, Program 
Coordinator, Department of Education, St. 
Luke’s Hospital Institute for Health Educa- 
tion, 222 Woodsmill Road, Suite 350 North, 
St. Louis, MO 63017. Tel.: (314) 851-6006. 


2nd Annual Review Course in Obstetrics and Gynae- 


cology, May 1-5, 1990, King Edward Hotel, 
Toronto, Ontario, Canada. AMA Category 1 
credit hours. For further information contact: 
Continuing Education, Faculty of Medicine, 
University of Toronto, Medical Sciences 
Building, Toronto, Ontario, Canada M5S 
1A8. Tel.: (416) 978-2718. 


45th Annual Postgraduate Assembly, sponsored by 


OB-GYN Assembly of Southern California, 
February 15-18, 1990, Beverly Hilton Hotel, 
Beverly Hills, California. For information con- 
tact: Director of Medical Education, OB-GYN 
Assembly of So. California, 5820 Wilshire 
Blvd., #500, Los Angeles, CA 90036. Tel.: 
(213) 997-5514. 


Clinical Problems in Gynecologic Surgery, January 


27—February 1, 1990, Frenchman’s Reef Ho- 
tel Conference Center, St. Thomas, Virgin Is- 
lands. Sponsored by The Johns Hopkins Uni- 
versity School of Medicine, in conjunction with 
Emory University School of Medicine and 
Brown University School of Medicine. For in- 
formation contact: Program Coordinator, Of- 
fice of Continuing Education, The Johns Hop- 
kins University School of Medicine, 720 Rut- 
land Ave., Baltimore, MD 21205-2195. Tel.: 
(301) 955-6046. 


7th World Congress of Cervical Pathology and Col- 


poscopy, Rome, Italy, May 13-17, 1990. For 
information contact: Studio EGA Professional 
Congress Organizers, 7th World Congress 
of Cervical Pathology and Colposcopy, Vi- 
ale Tiziano, 19, 00196 Roma, Italy. Tel.: 
06/322 1306. Telex: 614357. Fax: 06/3222006. 
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` experience. , rA Bide N : | -| November 1989:.1,056 pages plus i index. 754 illustrations, 
j 280 tables. $89.95 tentative 


a Churchill Livingstone... 
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patient care! 
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State University of New York at Stony Brook l 


The Department of Obstetrics and Gyne- A 
. cology atthe State University of New York -. 
- at Stony Brook is: currently recruiting for: |... 
a Gynecologic’ Oncologist. This is'a full- |. 


‘time faculty position’requiring board çer- 


tification or eligibility in. gynécologic oncol- ` Fa ee aa 
ogy. The responsibilities include under- | | 1. 
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search. 


Academic rank and sa are comnien- Eg 


` surate with experience and qualifications. 


Curriculum vitae should’ be sent tor 
William J. Mann, M.D.. 
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nal Medicine. Beautiful: commu: _ 
nity located on Lake Michigan rile a 


near major cities. offers wide 


range of recreational: AERO A 


tunities. 

_ Send C.V. to: i Te 
William Trager, M. De 
~ P.O. Box 1339 


~ Sheboygan, WI. 53082 
(414) 457- 4372 ` 











Immediate Opening 
. ASSISTANT OR ASSOCIATE 
; PROFESSOR 
MATERNAL-FETAL MEDICINE 


>. The Department of Obstetrics & Gynecology, MacDonald 
. Hospital for Women, University Hospitals of Cleveland, ` — 


and Department of Reproductive Biology, Case Western 
Reserve University, is actively recruiting two full-time, 


.Perinatolog. sts’ for its Division of. Maternal-Fetal 


Medicine. The department of OB-GYN delivers approxi- 


_ mately 3, 000 infants per year, with a large number of 
‘2 * high risk referrals. 


Excellent’ opportunity to be involved in washings ul- 


i, trasound and prenatal diagnosis including CVS, PUBS, 

>|. | and Fetal Echocardiography. Clinical and basic research 
` are encouraged. There is a Board approved fellowship 
_ program. Board eligibility or certification in Maternal-Fetal 

. | ©” Medicine is required. Interested candidates should send 
‘|. ©, curriculum vitae to: 


J. C. Veille, M.D. 
Director, Maternal-Fetal Medicine . 
Departrrent of. Obstetrics & Gynecology - 
* “MacDonald Hospital for Women 
University Hospitals of Cleveland 
_ 2074 Abington Road ` 


a Cleveland, OH 44106 


Phone: 216-844-3338- 


The’ University. i is an equal ppponunguat irmative action 


employer : 


_ MATERNAL-FETAL : 
. 2 ‘MEDICINE ~ 
‘(Board eligible or Certified) 


600 Bed University- -affilited Level III Hos- 


pital with. 3,600 deliveries/year; 24-hour 


_ in-house Anesthesiology and Neonatol- 
_ -ogy/large NICU, active maternal transfer 
‘| ‘service, perinatal outreach programs, and - 
|: .. fully:approved OB/GYN residency pro- 


gram has immediate opening for a full- 


-| _ time. position in Perinatology. Duties to 

JL . include residency teaching, maternal 

|. transfer care, and private practice incen- - 

Į. tive. Competitive guaranteed salary plus 

_ incentive.-Excellent public school system, 

| housing, and Lake St. Clair i in very close 
proximity. ' 


CALL COLLECT: 313-343-3495 
‘MINU KASHEF, M.D. 
` ST. JOHN-HOSPITAL 
© DEPT. OB/GYN. 
DETROIT, MI 48236 





















SINAI HOSPITAL OF BALTIMORE | 
ASSOCIATE DIRECTOR—OB/GYN | 


‘Baltimore, Maryland —_.. 


Dynamic, active OB/GYN ‘service. All. 
modern facilities available on site; vaginal - 


sonography, pelviscopy, Doppler velo- 


cimetry, genetic counselor, active .dedi-- - 


cated research lab, etc. 4,000 deliveries. 


16 residents. Independent residency. Po- 


sition requires extensive clinical interac- 
tion with residents, in conjunction with 
large faculty of full time and private at- 
tendings. Applicant should have ‘several 
years of clinical experience and/or sub- 
specialty training. ` 

Please:send. resume o to: 

‘Dr. Phillip J. Goldstein ; 
Obstétrician & Gynecologist-in- -Chief 
Sinai Hospital of Baltimore 
Belvedere Avenue at Greenspring: - 
Baltimore, Maryland 21215 


OB/GYN 


Boston, MA. 


We are a community health center in’ Boston 

currently seeking a temporary: full-time, or 
3' permanent part-time OB/GYN. Strong medical 
q network includes CNM ‘and NP support. 


ii. We offer a competitive salary and generous fringe | 


' benefits including malpractice insurance. 
' Please send CV, or contact: Dr. Albert K. Yee, 


Medical Director, South Cove Community .. 


| Health Center, 885 Washington Street, Boston, 
. MA 02111, (617) 482-7555. 


` SOUTH COVE | 
“COMMUNITY ` 
HEALTH CENTER 












-> ‘DEPARTMENT CHAIR 
` OBSTETRICS. AND GYNECOLOGY 


The University. of. South Alabama invites applications 
`" and/or nominations for the position of Professor and 
Chair of. the Department of Obstetrics and Gynecology. 
The College of Medicine admitted its first class of 
medical students in 1973. It is a relatively small, state 
_ assisted, medical school with approximately 55 basic 
science faculty and 140 full-time clinical faculty members. 
Residency programs are well established in all major 
specialties, with a total of approximately 175 resident 
`. positions.: This position provides an outstanding 
` Opportunity to build an excellent, progressive department 
> in this „geographic region.’ Candidates should have 
demonstrated’ academic administration and clinical 
experience. -Proven leadership skills are required. 
- Candidates must be committed to excellence in patient 
_care, teaching, and research. 
- Please send nominations and/or applications to: 
Joseph H. Coggin, Jr., Ph.D. 
Chair, Search Committee 
. ‘Department of Microbiology, 2118 MSB 
~ ..,. University of South Alabama 
Vy Mobile, AL 36688 
' ‘Applications should include curriculum vitae and the 
names and addresses of those who will ee letters of 
‘reference. 


The University of South Alabama is an 
- Affirmative Action/Equal Opportunity employer. 


































































































Generalist in OB-GYN 


We have an opportunity for a generalist in obstet- 
rics and. gynecology to join the full time faculty of 
the University of Rochester Department of Obstet- 
_ tics and Gynecology at Rochester General Hospi- 
tal. Rochester General’ is a 540 bed hospital, lo- 
`- cated in upstate New York. We serve women from 
` the inner city and suburban areas with a successful 
mix of privately insured and medicaid patients. Our 
recently opened Birth Center is the first phase of 
- our master plan to modernize our labor and delivery 
and surgery facilities. The successful candidate 
will have a commitment to clinical excellence and 
patient teaching. The teaching of residents and 
medical students requires a solid knowledge of 
general obstetrics and gynecology. Excellent com- 
munication and interpersonal skills are essential. 


- The University of Rochester offers-an excellent 
salary and benefit package commensurate with ac- 
ademic credentials and clinical experience. Board 
certified or eligible individuals are requested to sub- 
mit your curriculum vitae in confidence to: 

-2 Phyllis C. Leppert, CNM, MD, PhD 
Chief of Obstetrics & Gynecology 
Rochester General Hospital 
; 1425 Portland Avenue . 
_ Rochester, New York 14621 


“The University of Rochester is an equal” 
: opportunity employer. 





Dar 
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Medical Staff Fellowships 


Genetics and Endocrinology 
National Institutes of Health 


The National Institute of Child Health and Human Development 
of the National Institutes of Health is offering a limited number of 
three-year Medical Staff Fellowship positions to candidates of the 
highest caliber. Fellowships begin July 1, 1990 and 1991. 
Pesitions are available for physicians who have completed at 
least two years of training in Internal Medicine, Pediatrics, or 
Obstetrics and Gynecology. Other medical specialty credentials 
will be considered on a case by case basis, Candidates must be 
United States citizens or permanent residents; graduates of 
foreign medica! schools must be certified by the ECFMG. 


The training programs consist either of one clinical year and two 
years of laboratory-based research (Human Genetics, Adult 
Endocrinology, Pediatric Endocrinology, Gynecologic 
Endocrinology). The endocrinology fellowships are integrated 
with the NIH Interinstitute Endocrinology Fellowship Program, 
and the human genetics fellowships are integrated with the NIH 
Interinstitute Medical Genetics Program. The gynecologic- 
endocrinology fellowship is integrated with programs at the 
Walter Reed Hospital and the National Naval Medical Center. 


Research experience will be obtained in the Laboratory or 
Branch of the Fellow's choice from among the Institute's three 
clinical research Branches and nine basic science Laboratories. 


The major emphasis of the NICHD Intramural Research Program 
is on basic and clinically applied research in the broad area of 
developmental biology. Areas presently being examined include 
developmental endocrinology, reproductive biology, cellula- 
. differentiation, human genetics and inborn metabolic errors, 
molecular endocrinology; developmental and: molecula- 
immunology, developmental neurobiology, molecular genetics 
(bacteria, virus, yeast, drosophila, and animal cell), 
pharmacogenetics, growth factors, neurochemistry and 
neuroimmunology, theoretical and physical biology, cell biology, 
(especially receptors and organelles), and comparative ethology. 


For physicians interested in pursuing a career in academic 
medicine and research, these Fellowships offer an opportunity to 
train with scientists and physicians of international stature. 
Excellent facilities are available on the 306-acre NIH campus in 
Bethesda, Maryland, including a 480-bed research and teaching 
hospital, more than 1,000 laboratories, and the National Librare 
of Medicine. Medical Staff Fellows receive an initial salary cf 
$37,000 with increments of $2,000 per year and may be 
appointed to the Civil Service or the Public Health Service. 
Moving and travel allowances and Federal health care benefits 
are available. i 


Applications may be obtained from: 


The NIH Medical Staff Fellowship Program 
Ms. Vicki Malick 

National institutes of Health 

Building 10, Room 1C292 

9000 Rockville Pike 

Bethesda, Maryland 20892 

(301) 496-2427 


Further information may be obtained from: 


Arthur S. Levine, M.D. 

Scientific Director, National Institute of 
Child Health and Human Development 
National Institutes of Health 

Building 31, Room 2A50 

9000 Rockville Pike 

Bethesda, Maryland 20892 

(301) 496-2133 


Deadline for applications is November 10, 1989. 
NIH IS AN EQUAL OPPORTUNITY EMPLOYER. 
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WN Michael Reese Health Plan 











The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 


A highly-competitive salary and excellent ben- 
efits complement a rewarding practice and 
lifestyle. . 
Interested applicants should address inquiries to: 
Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 


an equal opportunity employer m/f/h 


REPRODUCTIVE 
ENDOCRINOLOGIST 


The Allentwon Hospital—Lehigh Valley Hos- 
pital Center, an 800-bed tertiary care teaching 
hospital in eastern Pennsylvania, is seeking 
a board certified reproductive endocrinologist 
(may also be active candidate for certifica- 
tion). The hospital will help the successful 
candidate to set up a pivate practice and will 
look to the physician to provide leadership 
and medical education in reproductive endoc- 
rinology and infertility. Total income will be 
guaranteed for a period of time. 


Ours is a burgeoning area. We are located in 


.a beautiful section of Pennsylvania, one and 


one half hours from New York City and one 
hour from Philadelphia. 


Please submit your curriculum vitae in com- 
plete confidence to: Sze-ya Yeh, M.D., Chair- 
man, Department of Obstetrics & Gynecol- 
ogy, C/O HealthSearch, 50 College Drive, Al- 
lentown, PA 18104, 215-778-7993. We are 
an equa! opportunity employer m/f/h/v. 


Join a Leader 
We’re The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cieveland-Akron area. 


Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 
The rewards of practice with us are substantial—excel- 
lent salary and benefit packages, company-paid retire- 
ment plan, full malpractica coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 


Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 


Please send your resume to: Ronald G. Potts, M.D., 
Medical Director, Ohio Permanente Medical Group, Inc., 
1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. , 


e° e 
w, 
KAISER PERMANENTE 


MATERNAL-FETAL MEDICINE 
ASHEVILLE, NORTH CAROLINA 


The University of North Carolina Department 
of OB/GYN and the Mountain Area Health 
Education Center has a full time faculty po- 
sition open in Asheville, NC. 


Assistant/Associate Professor: Individual 
should be experienced in prenatal diagnosis 
to include ultrasonography, fetal therapy and 
counseling with experience in management 
of high risk pregnancy. Candidates should 
have demonstrated abilities in clinical prac- 
tice, teaching and research and have com- 
pleted fellowship training in Maternal-Fetal 
Medicine. 


The salary and rank are commensurate with 
experience and training. To apply send CV to: 
Tom Bacon, DrPH 
Chairman, Search Committee 
Mountain Area Health Education Center 

501 Biltmore Avenue ' 
Asheville, NC 28801 
MAHEC and the University of North Carolina 
is an Affirmative Action Equal Opportunity 
Employer. 











OB/GYN 


46-physician multi-specialty group 
located 40 miles north of Sacramento 
seeks a physician to join our OB/GYN 
Department. Excellent compensa- 
tion package the first year. Partner- 
ship opportunity thereafter. Contact: 


Warren J. Boyer, Jr., M.D. 
Marysville Medical Group 
800 Third Street 
Marysville, CA 95901 


MARYSVILLE 
MEDICAL 
GROUP 


OBSTETRICS AND 
GYNECOLOGY 
WISCONSIN 


We are looking for a Board Certified/ 
Board Eligible obstetrician/gynecolo- 
gist to join a 7 physician OB/GYN De- 
partment in a large multi-specialty 
group practice located near Mil- 
waukee, Wisconsin, to share cover- 
age at two clinic locations and two 
hospitals. Competitive salary and 
fringe benefits. 


Forward inquiries and CV to: 


Administrator 
PO. Box 427 
Menomonee Falls, WI 53051 








SIA 


OB-GYN 


The University of Rochester has expanded its res- 
idency program to include Rochester General Hos- 
pital. Located in northern Rochester in upstate New 
York near lakes and other recreational areas. 
Rochester General is a 540 bed hospital. We cur- 
rently have a position for a board certified or eligible 
obstetrician-gynecologist with a major interest in 
state-of-the-art gyn laparoscopy to join the full time 
faculty. The position requires strong communica- 
tion and interpersonal skills and excellent teaching 
ability. It is anticipated that the successful applicant 
will provide leadership in the development of ambu- 
latory gyn surgery and contribute to the scientific 
literature. . 


The University of Rochester offers an excellent 
salary and benefits package commensurate with 
academic credentials and clinical experience. 


For consideration please submit your curriculum 
vitae in confidence to: 
Phyllis C. Leppert, CNM, MD, PhD 
Chief of Obstetrics & Gynecology 
Rochester General Hospital 
1425 Portland Avenue 
Rochester, New York 14621 


The University of Rochester is an equal 
opportunity employer. 





FELLOWSHIP 
MATERNAL-FETAL MEDICINE 
JULY, 1990 


The Division of Maternal-Fetal Medicine, Depart- 
ment of Obstetrics and Gynecology, MacDonalc 
Hospital for Women, University Hospitals of Cleve- 
land, and Case Western Reserve University, has 
an opening at the instructor level beginning July 
1, 1990. Applicants should desire a career in 
academic medicine and must be Board certified’ 
eligible by the American Board of Obstetrics and 
Gynecology. 
Fellows will be involved in teaching medical stu- 
dents and house officers. The fellowship program 
emphasizes clinical and basic research in clinical 
perinatology with a particular interest in ultrasound, 
Doppler and perinatal diagnosis. The individual wil 
also be responsible for some’ general duties in 
obstetrics and gynecology. 
Applicants should send a curriculum vitae to: 
J.C. Veille, M.D. 

Director, Division of Maternal-Fetal Medicine 
MacDonald Hospital for Women, University 
Hospitals of Cleveland 
2074 Abington Road 
Cleveland, OH 44106 

"216/844-3338 


The University is an equal opportunity/affirmative 
action employer. 
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POSITIONS OPEN — OBSTETRICS AND GYNECOLOGY 
University of Utah — School of Medicine 
Division of General Obstetrics and Gynecology 
We are seeking an individual at the rank of Instructor 
or Assistant Professor who is committed to a career in 
academic medicine. We have a particular need for some- 
one interested in practicing and teaching obstetrics. A 
variety of opportunities for clinical investigation and 
career development are available. The applicant must 
be board certified or an active candidate for such certifi- 
cation. 
Division of Maternal-Fetal Medicine 
We are seeking someone to join four certified perinatol- 
ogists and two fellows at the rank of Assistant Professor. 
The applicant must be interested in research, teaching, 
and patient care. We are especially interested in someone 
with interest and special expertise in obstetric ultra- 
sound, and fetal therapy. Applicants must be certified 
in maternal fetal medicine, or active candidates for cer- 
tification. 


Interested candidates should send curriculum vitae to: 
James R. Scott, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
University of Utah Schoo! of Medicine 
Salt Lake City, Utah 84132 
Applications must be postmarked by September 01, 
1989. Applications received after that deadline may be 
considered if no qualified applications have been re- 
ceived by that time. The University of Utah is an Equal 
Opportunity Affirmative Action Employer. 













































The Knoxville Unit of The University of Tennessee 
College of Medicine is currently accepting 
applications for a General Specialist in the 
Department of Obstetrics and Gynecology at The 
University of Tennessee Medical Center at 
Knoxville. 

This position requires board certification or eligibility 
in Obstetrics. and Gynecology. Responsibilities 
include: resident and medical student education; 
participation in Regionalization Program; and 


clinical or basic research. 


Specialized areas of interest such as benign GYN 
surgery and/or reproductive immunology are 
encouraged. 

Academic rank is commensurate with both 
qualifications and experience. 


Interested persons should sent curriculum vitae: 
Michael R. Caudle, M.D. 


Associate Professor and Chairman 
Department of Obstetrics and Gynecology 


GO THE UNIVERSITY OF TENNESSEE 


Medical Center at Knoxville 
1924 ALCOA HIGHWAY 


KNOXVILLE, TENNESSEE 37920 
EEO/An Affirmative Action/Title 1X/Section 504 EMployer 




















Be in on the delivery 
of the solution to 
OB staffing. 


LOCUM TENENS, INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


+ 3 to 9 month guaranteed contracts 
* competitive daily rate 
> licensing and coordination 
+ knowledgeable administrative support 
+ round trip airfare 
+ on-site housing and transportation 
+ permanent practice 
opportunities 


Call 1-800-544-1987 
or write to: 

Locum, Tenens, Inc. 
400 Perimenter 
Center Terrace 

Suite 760 OGLT9 
Atlanta, Georgia 30346 


í 
LOCUM 
TENENS, INC. 


A Division of 
Jackson and Coker 











SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


The Southem California Permanente Medical Group invites 
you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and Cental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call or write to: William 
G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829-5365. 


Equal Opportunity Employer M/F/H 


KA 


KAISER PERMANENTE 
Good People. Good Medicine. 


























OBSTETRICIAN 
GYNECOLOGIST 


Expanding Western Massachusetts staff model 
Health Maintenance Organization is seeking a full- 
time Board Certified/Board Eligible Obstetrician/ 
Gynecologist tc join a staff of eight (8) physicians and 
six (6) midwives. 














Our multi-specialty group practice employs seventy 
(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 
ban facilities, in-patient care is provided at 900-bed 
Tufts affiliated teaching hospital. 










Attractive Pioneer Valley location with fine educa- 
tional, cultural and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
gram. Please send curriculum vitae to: 
Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- 
tennial Highway, Springfield, MA 01118. 


Medical West 
PN Community Health Plan 
WAV) A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 








DIRECTOR 


DEPARTMENT OF : 
OBSTETRICS AND GYNECOLOGY 


"THE MT. SINAI MEDICAL CENTER, CLEVELAND 


The Mt. Sinai Medical Center, a 450 bed tertiary care teaching 
hospital with 12 GME programs, is seeking a Director for its 
Department of Obstetrics and Gynecclogy. 


The Medical Center is located proximate to the Case Western 
Resesrve University Schoal of Medicine in the University Circle 
area of Cleveland, the educational, cultural and medical hub of 
Northeastern Ohio. 


The successful candidate will have background and experience 
in academic, clinical and research activities to provide strong 
leadership for the full time and voluntary staffs as well as 
qualifications enabling an appointment to the Faculty of the 
School of Medicine. 


Individuals should indicate their interest with a letter, accom- 
panied by their curriculum vitae, to: 


Jeffrey L. Ponsky, M.D. 
Director, Department of Surgery, and 
Chairman, Search Cammittee 
The Mt. Sinai Medical Center * One Mt. Sinai Drive 
Cleveland, Ohio 44106 
(216) 421-4058 


An affiliate of the Case Western Reserve University 
School of Medicine 


Mt. Sinai is an affirmative action, equa! opportunity employer. 
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JOHNS HOPKINS: HEALTH | 
SYSTEM medical group needs. |. 
additional physicians in OB/GYN_. 
for full-time and part-time ‘posi--- 
tions at new and established of- - 
fices throughout the greater Bal- - 


timore area. Physicians must be 
board certified .or active candi- 


‘dates, and: eligible for Maryland: 


license and DEA certificate. In- 


_ terviewing now for next summer; 


some positions available im- 


. mediately. Equal Employment. 


Opportunity Employer. Send 
_current curriculum vitae to: Re- 


cruiting Coordinator; Office’ of 
Medical Affairs; Wyman Park | 
“Medical Associates; 3100" 


Wyman Park Drive; Baltimore, 
we 21211.. — 






The Doctor Is In... ` 


...private practice in the | 
perfect community . 


If that’s your goal, Humana can ‘help. We have over'80. 
- hospitals in 20 states. Chances are we know of a pri- 
vate practice opportunity in the location of your choice. 


Consider these communities: 
Huntsville, AL ‘ . Louisville, KY 


° Los Angeles Co., CA * Somerset, KY | 
¢ Orlando, FL « New. Orleans, LA 
* South Florida > - e Oakdale, LA 
* St. Petersburg, FL © Springhill, LA 
° Atlanta, GA area  . « Chattanooga, TN. 
. © Augusta, GA `: e Lebanon, TN 
e Chicago, IL _ © Richmond, VA ; 
e Indianapolis, IN ¢ Greenbrier Valley, WV 


e Kansas City, KS. 


We have other opportunities not listed here. 


` For further information, call TOLL- FREE 1- 800-626-1590, 
or Send your curriculum vitae to: Manager, Profes- ` 


., sional Relations, Humana, Inc., Dept. OB-9, 300 West 
` Math Street, rowisvihe, | KY 40201-1438. Y 







“4umana’ 















~ OB/GYN 


* “BE/BC OB/GYN needed to join — 
> 14 man multi-specialty practice - 
-` in Alabama. LARGEST practice . 

-inä 45 mile radius. 150 bed hos- 


pital located across the street 


© from’ center. Excellent. small 
- town atmosphere. Perfect place 
-to raise children. Local school 
». system above national average. 
. Excellent salary and full benefits. 
‘Senior partnership in 2 years. . 


For more information send your — 


. C.V. to Jordan/Fairfax, 6560 N. - 
. Scottsdale Rd., Suite J-106, . 
. Scottsdale, AZ 85253, Attention: 
- Lori K. Bedford or call (800) 258- 





9900, (602)991-8100. 


` | DIRECTOR OF 


_PERINATOLOGY SERVICES 


The Irvine Medical Center, located in 
Irvine, California, is seeking a full- 
time, Board: Certified Perinatologist to 
oversee the perinatology services of 


- „a 177-bed hospital with a current Med- 


ical Staff of 600 physicians. The Irvine 
Medical Center is currently under con- 


- struction and is the only hospital. in 
Irvine, a rapidly growing, well estab- 
‘lished community located in Orange | 
-{| County. The Perinatology Director will - 
- ‘| < have the opportunity to develop the 

‘|. . perinatclogy services for the Medical 
Center complex.. 


Please send CV to: Perinatology. S 


. Search Committee, Irvine Medical 
| Center, 4605 Barranca Parkway, 
= Suite 200, Irvine, CA 92714. 

















Life. 


Its our lifes work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Pian in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing doc- 
tors from the financial baggage of the private practitioner. 


Group Health Plan isnt for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with Tim Walton at (314) 
993-5955. Or write Group Health Plan, 11475 Olde Cabin 
Road, St. Louis, Mo. 63141. An equal opportunity employer. 


GROUP HEALTH PLAN 





OBSTETRICIANS 


A progressive, non-profit 300 bed Regional HealthCare Center in 
Elizabethtown, Kentucky serving a population base of 225,000 is 
in need of obstetricians. 


Located in Hardin County, one of the fastest growing counties in 
Kentucky, Elizabethtown's actively expanding industrial base, good 
schools, small town congeniality, and nearby-access to the benefits 
of a major city make it a very desirable location. 

Our offer includes: 

° Guaranteed income 

° Site visit 

° Relocation expenses 

° Other negotiable benefits 


For further information, please contact: 
Carol Jones, Physician Liaison 

Hardin Memorial Hospital 

North Dixie Avenue 

Elizabethtown, KY 42701 

502-765-1728 


Hardin Memorial Hospital 
A Regional HealthCare Center 


Af ee 


North Dixie Avenue, Elizabethtown, Kentucky 











| Aw 
THE HITCHCOCK CLINIC 
MAP Al. 





REPRODUCTIVE 
ENDOCRINOLOGIST 


Teaching department with successful Re- 
productive Endocrinology Division, inclu- 
sive of highly successful IVF program, is 
searching for a weil qualified individual 
as DIVISION CHIEF and a JUNIOR 
MEMBER of the division. Candidates for 
the position of Division Chief should be 
subspecialty Board certified, while candi- 
dates for the junior position may be sub- 
specialty Board eligible. Academic ap- 
pointments commensurate with experi- 
ence level. 


We are looking for individuals with an in- 
terest in research as well as clinical med- 
icine. Please submit your Curriculum 
Vitae to: N. Gleicher, M.D., Chairman, De- 
partment of Obstetrics and Gynecology, 
Mount Sinai Hospital Medical Center, 
Room F208, California Avenue at 15th 
Street, Chicago, Illinois 60608. 


OB/GYN 


HITCHCOCK CLINIC 


Outstanding opportunity for BC/BE Ob- 
Gyn physician to join a busy general 
Ob-Gyn practice in rural Vermont. 
Association with board certifled Ob- 
Gyn. Employment through Hitchcock 
Clinic offers guaranteed income, 
benefits and faculty appointment at 
Dartmouth Medical School. Ran- 
dolph, Vermont is centrally located to 
most of Vermont's major ski areas, but 
off the tourist track. Convenient to 
Boston, Montreal. Many practice and 
lifestyle advantages other practice 
opportunities cannot provide. 


For Information contact: Brent Burgee, 
M.D., Hitchcock Assoclates of 
Randoiph/Ob-Gyn, 4 Maple Street, 
Randolph, Vermont 05060; (802) 
728-4434. 


An equal opportunity 
affirmative action 
employer 


A Component of 
the Dartmouth-Hitchcock 
‘Medical Center 
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Central Minnesota a 
_ Group Health Plan — 


OB/GYN .. 


‘Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer-. 
tified OB/GYN physicians. ‘New clinic facility 


in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close to lakes, ski 


. areas and excellent schools, including three ° 
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universities. Join a supportive primary care 
staff and receive competitive salary, outstand-. 
ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact © 
Physician Services, Central Minnesota Group 
Health Plan, 1245 15th.Street North, 


St. Cloud, MN 56303. 612/253-5220. EOE. | 


ia 





we 


PENNSYLVANIA 


Well established OB/GYN. private 
practice in Eastern Pennyslvania is ` 
seeking F/M fourth member. Area 
offers suburban living with advant- 
ages offered by close proximity. to 
most major East Coast cities. 


Salary, malpractice insurance, health 
insurance, fringe benefits. Send CV 
or call: . R i 


College Heights Ob/Gyn ` 
3131 College Heights Blvd. . 
Allentown, PA 18104 
(215) 437-1931 
(800) 343-8173 
























WORK 
IN 
` PLEASANT 
SURROUNDINGS 


- Long established OB-GYN prac- 


tice in Bergen County, New Jer- 
sey (10 minutes from New York 


_ City) seeks new partner in July 
1990. Brand new high-tech office 


5 minutes from modern hospital. 
Submit CV, special interests and 
foreign language proficiencies. 

FOX, HIRSCH & FERNANDEZ | 


870 Palisade Ave. 
Teaneck, New Jersey 07666 


` For further information call: 


(210) 907-0417 


BLUE RIDGE MOUNTAINS 
VIRGINIA 


-BC/BE American Trained OB/GYN 
‘sought to join a busy two-man practice 
. inthe scenic Blue Ridge Mountains of 


Virginia. Needed July 1, 1990. Area 
is served by a modern 150 bed hospi- 
tal with over 500 deliveries a year and 


. very active GYN surgical service, in- 


cluding Laser. Excellent opportunity 
for. the right person interested in this 


„area bordering western North 


Carolina. 


Send inquiries and c.v. to: 


GALAX OBSTETRICS & 
GYNECOLOGY, INC. 
106 Doctors Park 
Galax, VA 24333 











WANTED! 


OBSTETRICIAN/GYNECOLOGIST 


For private practice and small group practice 

opportunities. 

— JCAH accredited community hospital in 

- beautiful Sacramento, California seeks 
BE/BC OB/GYN to fill anumber of practice 
opportunities. 

— Extremely attractive assistance and relo- 
cation package available including: mal- 
practice coverage, marketing assistance, 
moving expenses, and a one-time recruit- 
ment bonus. 

— The Sacramento area is one of America’s 
fastest growing communities. The income 
potential for OB/GYN physicians is OUT- 
STANDING! 

For further information, please write or call: 
AMERICAN RIVER HOSPITAL 
Physician Services Department, 

c/o Larry Furia 
3609 Mission Avenue, Suite E, 
Carmichael, CA 95608 
(916) 486-2261 





OBSTETRICS & 
GYNECOLOGY 


Obstetrician/Gynecologist needed to 
join a five physician department at a 
major regional multispecialty clinic in 
Billings, Montana. Clinic setting in- 
cludes all specialties and is adjacent 
to an outstanding tertiary care referral 
hospital. Excellent opportunity for a 
top notch board eligible or board cer- 
tified Obstetrican/Gynecologist look- 
ing for a challenging practice in a 
geographic area offering unlimited 
recréational potential. Those inter- 
ested send CV to: 
John W. Heizer, M.D., 
Medical Director 
The Billings Clinic 
P.O. Box 35100 
Billings, Montana 59107-5100 








Central Maine Healthcare Recruit- 
ment: is conducting a search for BC/ 
BE OBG specialist interested in prac- 
ticing in the Western Mountain Region 
of Maine. The opportunity is flexible 
offering the physician a choice of prac- 
tice types and is supported by a 90 
bed hospital facility dedicated to con- 
tinued staff development. The com- 
munity serves a population of 23,000 


and is in an area that boasts of easy 
access to year round outdoor ac- 
tivities. For more information: phone 
or send CV and letter to: 


E. Bailey, 

Director of Physician Recruitment, 
76 High St. Ste. 203, 
Lewiston, ME 04240, 

207-795-2389. 





























FELLOWSHIP IN PEDIATRIC & 
ADOLESCENT GYNECOLOGY 


The Section of Pediatric & Adolescent Gynecology, 
Division of Gynecology, Department of Obstetrics 
and Gynecology at The University of Tennessee, 
Memphis is offering a one year fellowship in Pedi- 
atric and Adolescent Gynecology, beginning July, 
1990. The fellowship program follows the educa- 
tional objective of the North American Society for 
Pediatric & Adolescent Gynecology. Applicants 
must have completed a residency in obstetrics and 
gynecology. Eligibility for medical licensure in Ten- 
nessee is required. The fellowship provides a com- 
prehensive experience in Pediatric & Adolescent 
Gynecology, as well as an opportunity for interac- 
tion with other specialties (Reproductive Endocri- 
nology, Pediatric Endocrinology, Pediatric Psychi- 
atry, and Reproductive Genetics). Fellows will be 
actively involved in clinical research. Applicants 
should send a curriculum vitae to David Muram, 
M.D., Chief, Section of Pediatric & Adolescent 
Gynecology, University of Tennessee, Memphis/ 
. University Physicians Foundation, Inc., 853 Jeffer- 
son Avenue, Memphis, Tennessee 38103. The 
University of Tennessee, Memphis is an equal em- 
` ployment opportunity/affirmative action/Title 1X/ 
Section 504 employer. 
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21- and 28-day regimens 


ORTHO-NOVUMT 7 / 


torethindrone/ethiny estradiol 

ach white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
ontains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol, Each peach tablet contains 1 mg nore- 
iindrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


WPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
rovided with the product and therefore should not be used as the basis for prescribing the product. 
his summary was prepared by deleting from the complete prescribing information certain text, tables 
nd references. The physician should be thoroughly familiar with the complete prescribing information 
efore prescribing the product. 


(DICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

ONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
onditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
itis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4 Known or suspected 
arcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
ent neoplasia. 6. Undiagnosed abnormal genital bleeding, 7 Cnolestatic jaundice of pregnancy or jaundice 
nth prior pill use. 8 Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 







he use of oral contraceptives is associated with increased risks of several serious conditions including 
yyocardial infarction. thromboembolism, stroke, hepatic neoplasia, and gallbladder disease. although the 
sk of serious morbidity or mortality is very small in healthy women without underlying risk factors, The 
sk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
s hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
hould be familiar with the following information relating to these risks. The information contained in this 
rief summary ıs principally based on studies carried out in patients who used oral contraceptives with 
igher formulations of estrogens and progestagens than those in common use today. The effect of long 
erm use of the oral contraceptives with lower formulations cf both estrogens and progestogens remains 
d be determined. Throughout this brief summary epidemiological studies reported are of two types 
strospective or case control studies and prospective or cohort studies. Case control studies provide a 
yeasure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
eptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
ccurrence of a disease Cohort studies provide a measure cf attributable risk, which is the difference in 
re incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
ide information about the actual occurrence of a disease ir the population For further information, the 
sader ıs referred to a text on epidemiological methods. 1, THROMBOEMBOLIC DISORDERS AND OTHER 
'ASCULAR PROBLEMS. a Myocardial Infarction An increased risk of myocardial infarction has been 
ssociated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
sk factors for coronary artery disease such as hypertension, hypercholesterolemia. morbid obesity. and 
tabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
d six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
een shown to contribute substantially to the incidence of myocardial infarctions in women in their 
uid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
vith circulatory disease have been shown to increase substantially in smokers, especially in those 36 
ears of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
ffects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
articular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
shile estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
lood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
ssociated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
somen with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem 
olic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
ontrol studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
uperficial venous thrombosis. 4 to 11 for deep vein thrombosis or pulmonary embolism, and 15 to 6 for 
vomen with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
plative risk to be somewhat lower. about 3 for new cases and about 4.5 for new cases requiring hospital- 
ration The risk of thromboembolic disease associated with oral contraceptives 1s not related to length of 
se and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
hromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
‘enous thrombosis in women who have predisposing conditions is twice that of women without such 
yedical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
or two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
uring and following prolonged immobilization. Since the immediate postpartum period is also associated 
vith an increased risk of thromboembolism. oral contraceptives should be started no earlier than four 
veeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
ives have been shown to increase both the relative and attributable risks of cerebrovascular events 
thrombotic and hemorrhagic strokes). although, in general the risk is greatest among older (>35 years). 
ypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
on-users. for both types of strokes. and smoking interacted to increase the risk of stroke. In a large study, 
he relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
sers with severe hypertension. The relative risk of hemorrhagic stroke ıs reported to be 1.2 for non- 
mokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
mokers who used oral contraceptives, 18 for normotensive users and 25.7 for users with severe hyper- 
ension. The attributable risk is also greater in older womer. d. Dose-related risk of vascular disease from 
iral contraceptives. A positive association has been observed between the amount of estrogen and 
irogestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
poproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
poproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
jens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
vetween doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
he activity and amount of both hormones should be considered in the choice of an oral contraceptive 
Ainimizing exposure to estrogen and progestogen is in keeping with gocd principles of therapeutics. For 
ny particular estrogen/progestogen combination. the dosage regimen prescribed should be one which 
ontains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
ieeds of the individual patient New acceptors of oral contraceptive agents should be started on prepara 
ions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
tudies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
tudy in the United States, the risk of developing myocardial infarction after discontinuing oral contracep 
ives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
nore years, but this increased risk was not demonstrated in other age groups. In another study in Great 
sritain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
yf oral contraceptives. although excess risk was very small. However, both studies were performed with 
iral contraceptive formulations containing 50 micrograms or higher of estrogens. 2 ESTIMATES OF 
AORTALITY FROM CONTRACEPTIVE USE One study gathered data from a variety of sources which have 
:stimated the mortality rate associated with different methods of contraception at different ages. These 
istimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
able to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
ind risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
ind 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
velow that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
ise Oral contraceptives have a significant increase in mortality higher than those using other methods of 
urth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
issociated with subsequent pregnancy 3 CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
pidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
ancer in women using oral contraceptives. While there are conflicting reports the overall evidence in the 
terature suggests that use of oral contraceptives is not associated with an increase in the risk of 
leveloping breast cancer The Cancer and Steroid Hormone (CASH) study also showed no latent effect on 
he risk of breast cancer for at least a decade following long term use. Some studies have shown a slightly 
creased relative risk of developing breast cancer Some studies suggest that oral contraceptive use has 
een associated with an increase in the risk of cervical intraepithelial neoplasia in some populations of 
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women. However, there continues to be controversy about the extent to which such findings may be due to 
differences in sexual behavior and other factors. In spite of many studies of the relationship between oral 
contraceptive use and breast and cervical cancers, a cause and effect relationship has not been estab- 
lished. 4. HEPATIC NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, 

although the incidence of benign tumors is rare in the United States. Indirect calculations have estimated 
the attributable risk to be in the range of 3.3 cases/100,000 for users, a risk that increases after four or 
more years of use especially with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas 
may cause death through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk 
of developing hepatocellular carcinoma in long-term (>8 years) oral contraceptive users. However. these 
cancers are rare in the US. and the attributable risk (the excess incidence) of liver cancers in oral 
contraceptive users approaches less than one per million users, 5. OCULAR LESIONS. There have been 
clinical case reports of retinal thrombosis associated with the use of oral contraceptives. Oral contracep- 
tives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosis 
or diplopia. papilledema, or retinal vascular lesions. Appropriate diagnostic and therapeutic measures 
should be undertaken immediately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREG- 
NANCY: RISK OF BIRTH DEFECTS. Extensive epidemiological studies have revealed no increased risk of 
birth defects in women who have used oral contraceptives prior to pregnancy. The majority of recent 
studies also do not indicate a teratogenic effect, particularly in so far as cardiac anomalies and limb 
reduction defects are concerned, when taken inadvertently during early pregnancy. The administration of 
oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. Oral 
contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is recom- 
mended that for any patient who has missed two consecutive periods pregnancy should be ruled out 
before continuing oral contraceptive use. If the patient has not adhered to the prescribed schedule. the 
possibility of pregnancy should be considered at the time of the first missed period. Oral contraceptive 
use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER DISEASE. Earlier studies have 
reported an increased lifetime relative risk of gallbladder surgery in users of oral contraceptives and 
estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder 
disease among oral contraceptive users may be minimal. The recent findings of minimal risk may be 
related to the use of oral contraceptive formulations containing lower hormonal doses of estrogens and 
progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contraceptives have been shown 
to cause a decrease in glucose tolerance in a significant percentage of users. This effect has been shown 
to be directly related to estrogen dose. Progestogens increase insulin secretion and create insulin resist- 
ance, this effect varying with different progestational agents. However, in the non-diabetic woman, oral 
contraceptives appear to have no effect on fasting blood glucose. Because of these demonstrated effects 
Prediabetic and diabetic women in particular should be carefully monitored while taking oral contracep- 
tives. A small proportion of women will have persistent hypertriglyceridemia while on the pill As dis 

cussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and lipoprotein levels have been 
reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE An increase in blood pressure has 
been reported in women taking oral contraceptives, and this increase is more likely in older oral contra- 
ceptive users and with extended duration of use. Data from the Royal College of General Practitioners and 
subsequent randomized trials have shown that the incidence of hypertension increases with increasing 
progestational activity. Women with a history of hypertension or hypertension-related diseases, or renal 
disease, should be encouraged to use another method of contraception. If women elect to use oral 
contraceptives. they should be monitored closely and if significant elevation of blood pressure occurs, oral 
contraceptives should be discontinued. For most women, elevated blood pressure will return to normal 
after stopping oral contraceptives, and there is no difference in the occurrence of hypertension between 
former and never users. 10. HEADACHE The onset or exacerbation of migraine or development of headache 
with a new pattern which is recurrent, persistent or Severe requires discontinuation of oral contraceptives 
and evaluation of the cause. 11. BLEEDING IRREGULARITIES. Breakthrough bleeding and spotting are 
sometimes encountered in patients on oral contraceptives, especially during the first three months of use 
Non-hormonal causes should be considered and adequate diagnostic measures taken to rule out malig- 
nancy or pregnancy in the event of breakthrough bleeding as in the case of any abnormal vaginal bleeding 

If pathology has been excluded, time or a change to another formulation may solve the problem In the 
event of amenorrhea. pregnancy should be ruled out. Some women may encounter post-pill amenorrhea or 
oligomenorrhea, especially when such a condition was preexistent. 12. ECTOPIC PREGNANCY. Ectopic as 
well as intrauterine pregnancy may occur in contraceptive failures. PRECAUTIONS: 1. PHYSICAL EXAMI 

NATION AND FOLLOW UP A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. 
These physical examinations should include special reference to blood pressure, breasts, abdomen and 
pelvic organs, including cervical cytology. and relevant laboratory tests. In case of undiagnosed persistent 
or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be conducted to rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules should be 
monitored with particular care. 2. LIPID DISORDERS Women who are being treated for hyperlipidemias 
should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL 
levels and may render the control of hyperlipidemias more difficult. 3. LIVER FUNCTION. If jaundice 
develops in any woman receiving such drugs, the medication should be discontinued. Steroid hormones 
may be poorly metabolized in patients with impaired liver function. 4. FLUID RETENTION Oral contracep- 
tives may cause some degree of fluid retention. They should be prescribed with caution, and only with 
careful monitoring. in patients with conditions which might be aggravated by fluid retention 5. EMO- 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6. CONTACT LENSES. Contact lens wearers who 
develop visual changes or changes in lens tolerance should be assessed by an ophthalmologist. 7 DRUG 
INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding and menstrual irreg 

ularities have been associated with concomitant use of rifampin. A similar association. though less 
marked, has been suggested with barbiturates, phenylbutazone, phenytoin sodium. and possibly with 
griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine 
and liver function tests and blood components may be affected by oral contraceptives a Increased 
prothrombin and factors VII, VIII, IX. and X; decreased antithrombin 3. increased norepinephrine-induced 
platelet aggregability. b. Increased thyroid binding globulin (TBG) leading to increased circulating total 
thyroid hormone. as measured by protein-bound iodine (PBI). 14 by column or by radio-immunoassay Free 
T3 resin uptake is decreased, reflecting the elevated TBG. free T4 concentration is unaltered. c. Other 
binding proteins may be elevated in serum. d. Sex-binding globulins are increased and result in elevated 
levels of total circulating sex steroids and corticoids; however. free or biologically active levels remain 
unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. g. Serum folate levels 
may be depressed by oral contraceptive therapy. This may be of clinical significance if a woman becomes 
pregnant shortly after discontinuing oral contraceptives. 9. CARCINOGENESIS. See WARNINGS section 
10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 11. NURSING 
MOTHERS. Small amounts of oral contraceptive steroids have been identified in the milk of nursing 
mothers and a few adverse effects on the child have been reported, including jaundice and breast enlarge- 
ment. In addition, oral contraceptives given in the postpartum period may interfere with lactation by 
decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to 
use oral contraceptives but to use other forms of contraception until she has completely weaned her child 
INFORMATION FOR THE PATIENT: See Patient Package Insert. ADVERSE REACTIONS: An increased risk 
of the following serious adverse reactions has been associated with the use of oral contraceptives (see 
WARNINGS section). Thrombophlebitis and venous thrombosis with or without embolism. Arterial throm- 
boembolism. Pulmonary embolism. Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis 
Hypertension. Gallbladder disease. Hepatic adenomas or benign liver tumors. The following adverse reac- 
tions have been reported in patients receiving oral contraceptives and are believed to be drug-related 
Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary infertility after discontinuation of 
treatment. Edema. Melasma which may persist. Breast changes: tenderness. enlargement, secretion 
Change in weight (increase or gorrean Change in cervical erosion and secretion. Diminution in lactation 
when given immediately postpartum. Cholestatic jaundice. Migraine. Rash (allergic). Mental depression 
Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature (steepening). Intoler- 
ance to contact lenses. The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted: Pre-menstrual syndrome. Cataracts. Changes 
in appetite. Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scalp hair Ery- 
thema multiforme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porphyria. Impaired renal func- 
tion. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. OVERDOSAGE: Serious ill effects have 
not been reported following acute ingestion of large doses of oral contraceptives by young children 
Overdosage may cause nausea and withdrawal bleeding may occur in females ORTHO 
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Raritan. NJ 08869-0602 


tSerious as well as minor side effects 
have been reported with the use of oral 
contraceptives. The physician should 
remain alert to the earliest manifestations 
of any symptoms of serious disease 
and discontinue oral contraceptive 
therapy when appropriate: 


Please see brief summary of complete 


Prescribing Information on the preceding page. 
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Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8-16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 


To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 





Extra midcycle progestin to reduce 
midcycle reaktio bleeding 





TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 





1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri-Norinyl, 
please see brief summary. of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 
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TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL® 21-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with ethinyl estradiol 0.035 mg 9 yellow-green tablets of norethin- 

drone 1.0 mg with ethinyl estradiol 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with e estradiol 0.035 mg) 

TRI-NORINYL” 28-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with ethinyl estradiol 0.035 mg 9 yellow-green tablets of norethin- 

drone 1.0 mg with ethinyl estradiol 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with ethinyl estradiol 0.035 mg, 7 inert orange tablets) 

ori pn ‘iad Tablets (norethindrone 0.5 mg with ethinyl estra- 
iol 0.035 mg 

BREVICON® 28-Day Tablets (21 norethindrone 0.5 mg with ethinyl 

estradiol 0.035 mg tablets followed by 7 inert tablets) 

NORINYL® 1+35 21-Day Tablets (norethindrone 1 mg with ethinyl 

estradiol 0.035 mg) 

NORINYL® 1 + 35 28-Day Tablets (21 norethindrone 1 mg with ethinyl 

estradiol 0.035 mg tablets followed by 7 inert tablets) 

NORINYL” 1 + 50 21-Day Tablets (norethindrone 1 mg with mestranol 


0.05 mg) 

NORINYL® 1+50 28-Day Tablets (21 norethindrone 1 mg with mes- 
tranol 0.05 mg tablets followed by 7 inert tablets) 

NOR-Q.D.® (norethindrone) Tablets 0.35 mg 

ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications: Prevention of pregnancy. 
CONTRAINDICATIONS 


Oral contraceptives should not be used in women who have the following conditions: 

+ Thrombophlebitis or thromboembolic disorders 

+ A past history of deep vein thrombophlebitis or thromboembolic disorders 

+ Cerebral vascular or coronary artery disease 

+ Known or suspected carcinoma of the breast 

. enuon of the endometrium, and known or suspected estrogen-dependent 
neoplasi 

. ignosed abnormal genital bleeding 

+ Cholestatic jaundice of pregnancy or jaundice with prior pill use 

+ Hepatic adenomas, carcinomas or benign liver tumors 

+ Known or suspected pregnancy 


WARNINGS 
by coat smoking increases the risk of serious cardiovascular side 
el 


ects from oral contraceptive use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite marked 
in women over 35 years of age. Women who use oral contraceptives 
should be strongly advised not to smoke. 





The use of oral contraceptives is associated with increased risks of several serious 
conditions including ardial infarction, thromboembolism, stroke, hepatic neo- 
a anc gallbladder disease, although the risk of serious morbidity and mortality 
creases significantly in the pones of other underlying risk factors such as 
hypertension, hyperlipidemias, hypercholesterolemia, obesity and diabetes. 


Practitioners prescribing oral contraceptives should be familiar with the tollowing 
information relating to these risks. 


The information contained in this package insert is principally based on studies 
carried out in patients who used oral contraceptives with formulations containing 
005 mg or higher of estrogen. The effects of long term use with lower dose formula- 
tions of both estrogens and progestogens remain to be determined. 


Throughout this labeling, epidemiological studies reported are of two types: retro- 
spective or case control studies prospective or cohort studies. Case control 
studies provide a measure of the relative risk of a disease. Relative risk, the ratio of 
the incidence of a disease among oral contraceptive users to that among non-users 
Cannot be assessed directly from case control studies, but the odds ratio obtained is 
a measure of relative risk. The relative risk does not provide information on the 
actual clinical occurrence of a disease. Cohort studies provide not only a measure of 
the relative risk but a measure of attributable risk, which is the difference in the inci- 
dence of disease between oral contraceptive users and non-users. The attributable risk 
does provide information about the actual occurrence of a disease in the population. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS 
a. Myocardial Infarction 


An increased risk of myocardial infarction has been attributed to oral contraceptive 
use, This risk is primarily in smokers or women with other underlying risk factors for 
coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity 
and diabetes. The relative risk of heart attack for current oral contraceptive users has 
been estimated to be 2 to 6. The risk is very low under the age of 30. However, there 
is the possibility of a risk of cardiovascular disease even in very young women who 
take oral contraceptives. 


afore combination with oral contraceptive use has been shown to contribute 
substantially to the incidence of myocardial infarctions in women 35 or older, with 
smoking accounting for the majority of excess cases. 


Marat spite associated with circulatory disease have been shown to increase 
substantially in smokers over the age of 35 and non-smokers over the age of 40 
among women who use oral contraceptives. 


Oral contraceptives may compound the effects of well-known risk factors for coro- 
ph artery disease, such as hypertension, diabetes, hyperlipidemias, hypercholes- 
lemia, age and obesity. In particular, some progestogens are known to decrease 
HOL cholesterol and impair oral glucose tolerance, while estrogens may create a 
state of hyperinsulinism. Oral contraceptives have been shown to increase blood 
Bae among users (see WARNINGS, section 9). Similar effects on risk factors 
been associated with an increased risk of heart disease. Oral contraceptives 
must be used with caution in women with cardiovascular disease risk factors, 


b. Thromboembolism 


An increased risk of thromboembolic and thrombotic disease associated with the use 
of oral contraceptives is well established. Case control studies have found the 
relative risk of users compared to non-users to be 3 for the first episode of superfi- 
cial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, 
and 1.5 to 6 for women with predisposing conditions for venous thromboembolic 
disease. One cohort study has shown the relative risk to be somewhat lower, about 3 
for new cases (subjects with no past history of venous thrombosis or varicose veins) 
and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic 
disease due to oral contraceptives is not related to length of use and disappears after 
pill use is stopped. 

A 2- to 6-fold increase in relative risk of post-operative thromboembolic complica- 
tions has been reported with the use of oral contraceptives. If feasible, oral contra- 
ceptives should be discontinued at least 4 weeks prior to and for 2 weeks after 
elective surgery and cn a following prolonged immobilization. Since the imme- 
diate postpartum period also is associated with an increased risk of thromboembo- 
lism, oral contraceptives should be started no earlier than 4 to 6 weeks after delivery 
in women who elect not to breast feed. 


c. Cerebrovascular diseases 


An increase in both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes) has been shown in users of oral contracep- 
tives. In general, the risk is greatest among older (>35 years), fypedtenshe women 
who also smoke. Hypertension was found to be a risk factor for both users and 
non-users for both types of strokes while smoking interacted to increase the risk for 
hemorrhagic strokes. 

In a large study, the relative risk of thrombotic strokes has been shown to range from 
3 for normotensive users to 14 for users with severe hypertension. The relative risk of 
hemorrhagic stroke is reported to be 1.2 for non-: who used oral contracep- 
tives, 2.6 for smokers who did not use oral contraceptives, 76 for smokers who used 
oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk also is greater in women 35 or older and among smokers. 


d. Dose-related risk of vascular disease from oral contraceptives 


A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in 
serum high density lipoproteins (HDL) has been reported with some progestational 
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agents. A decline in serum high density lipoproteins has been associated with an 
increased incidence of ischemic heart disease. Because estrogens increase HDL 
cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the nature and absolute amount of 
progestogens used in the contraceptives. The amount of both hormones should be 
considered in the choice of an oral contraceptive. 


Minimizing exposure to estrogen and progestogen is in keeping with good principles 
of therapeutics. For any particular estrogen/progestogen combination, the dosage 
regimen prescribed should be one which contains the least amount of estrogen and 
progestogen that is compatible with a low failure rate and the needs of the individual 
patient acceptors of oral contraceptive agents should be started on prepara- 
ons containing the lowest estrogen content that produces satisfactory results for 
the individual. 


e. Persistence of risk of vascular disease 


There are three studies which have shown persistence of risk of vascular disease for 
ever-users of oral corracenlives In a study in the United States, the risk of develop- 
ing myocardial infarction after discontinuing oral contraceptives persists for at least 
9 years for women 40-49 years who had used oral contraceptives for 5 or more 
years, but this increased risk was not demonstrated in other age groups. In another 
study in Great Britain, the risk of developing cerebrovascular disease persisted for at 
least 6 years after discontinuation of oral contraceptives, although excess risk was 
very small. Subarachnoid hemorrhage also has a significantly increased relative risk 
after termination of use of oral contraceptives. However, these studies were per- 
formed with oral contraceptive formulations containing 0.05 mg or higher of estrogen. 


2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 


One study gathered data from a variety of sources which have estimated the mortal- 
ity rates associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods 
plus the risk attributableto peara in the event of method failure. Each method of 
contraception has its specific benefits and risks. The study concluded that with the 
exception of oral contraceptive users 35 and older who smoke and 40 and older who 
do not smoke, mortality associated with all methods of birth control is low and below 
that associated with childbirth. However, smokers 35 and older and non-smokers 40 
and older who use oral contraceptives have an increase in mortality greater than 
those using other methods of birth control. These facts must be weighed in conjunc- 
tion with failure rates for other methods and the risk associated with subsequent 
pregnancy. 

3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 


Numerous epidemiological studies have been performed on the incidence of breast, 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The 
evidence in the literature suggests that use of oral contraceptives is not associated 
with an increase in the risk of developing breast cancer, regardless of the age and 

arity of first use or with most of the marketed brands and doses. The Cancer and 

feroid Hormone study also showed no latent effect on the risk of breast cancer for at 
least a decade following iong term use. A few studies have shown a slightly increased 
relative risk of developing breast cancer, although the methodology of these studies, 
which included differences in examination of users and non-users and differences in 
age at start of use, has been questioned. 


Some studies suggest that oral contraceptive use has been associated with an 
increase in the risk of cervical intraepithelial neoplasia in some populations of 
women. However, there continues to be controversy about the extent to which such 
findings may be due to differences in sexual behavior and other factors. 


In spite of many studies of the relationship between oral contraceptive use and 
breast or cervical cancers, a cause and effect relationship has not been established. 


4. HEPATIC NEOPLASIA 


Benign hepatic adenomas are associated with oral contraceptive use although the 
incidence of benign tumors is rare in the United States. Indirect calculations have 
estimated the attributable risk to be in the range of 3.3 cases per 100,000 for users, a 
risk that increases after 4 or more years of use. Rupture of rare, benign, hepatic 
adenomas may cause death through intra-abdominal hemorrhage. 


Studies in the United States and Britain have shown an increased risk of developing 
hepatocellular carcinoma in long term (>8 years) oral contraceptive users. However, 
these cancers are extremely rare in the United States and the attributable risk (the 
excess incidence) of liver cancers in oral contraceptive users is less than 1 per 
1,000,000 users. 


5. OCULAR LESIONS 


There have been Clinica! case reports of retinal thrombosis associated with the use 
of oral contraceptives. Oral contraceptives should be discontinued if there is unex- 
plained partial or complete loss of vision; onset of proptosis or diplopia; papilledema; 
or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should 
be undertaken immediately. 


6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 


Extensive epidemiological studies have revealed no increased risk of birth defects in 
women who have used oral contraceptives prior to pregnancy. More recent studies 
do not t a teratogenic effect, particularly insofar as cardiac anomalies and limb 
reduction defects are concerned, when taken inadvertently during early pregnancy. 


The administration of oral contraceptives to induce withdrawal bleeding should not 
be used as a test for pregnancy. Oral contraceptives should not be used during 
Pregnancy to treat threatened or habitual abortion. 


It is recommended that for any patient who has missed 2 consecutive periods, 
Pregnancy should be ruled out before continuing oral contraceptive use. If the 
patient has not adhered to the prescribed schedule, the pony of pregnancy 
should be considered at the time of the first missed period. Oral contraceptive use 
should be discontinued if pregnancy is confirmed. 


7. GALLBLADDER DISEASE 


Earlier studies have reported an increased lifetime relative risk of gallbladder surgery 
in users of oral contraceptives and estrogens. More recent studies, however, have 
shown that the relative risk of developing gallbladder disease among oral contracep- 
tive users may be minimal. The recent findings of minimal risk may be related to the 
use of oral contraceptive formulations containing lower hormonal doses of estrogens 
and progestogens. 


8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 


Oral contraceptives have been shown to impair oral glucose tolerance. Oral contra- 
ceptives cona ag greater than 0.075 mg of estrogen cause glucose intolerance 
with impaired insulin secretion, while lower doses of estrogen may produce less 
glucose intolerance. Progestogens increase insulin secretion and create insulin 
resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood 
glucose. Because of these demonstrated effects, prediabetic and diabetic women 
should be carefully observed while taking oral contraceptives. 


Some women may develop persistent hypertriglyceridemia while on the pill. As 
discussed earlier (see WARNINGS, sections 1a. and 1d.), changes in serum triglyc- 
erides and lipoprotein levels have been reported in oral contraceptive users. 


9. ELEVATED BLOOD PRESSURE 


An increase in blood pressure has been reported in women taking oral contracep- 
tives. The incidence of risk also was reported to increase with continued use and 
among older women. Bata from the Royal College of General Practitioners and 
subsequent randomized trials have shown that the incidence of hypertension 
increases with increasing concentrations of progestogens. 


Women with a history of hypertension or hypertension-related diseases or renal 
disease should be encouraged to use another method of contraception. If women 
elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs oral contraceptives should be discontinued. For 
most women, elevated blood pressure will return to normal after stopping oral 
contraceptives and there is no difference in the occurrence of hypertension among 
ever- and never-users. 


10. HEADACHE 


The onset or exacerbation of migraine or development of headache with a new 
pattern which is recurrent, persistent or severe requires discontinuation of oral 
contraceptives and evaluation of the cause. 


11. BLEEDING IRREGULARITIES 


Breakthrough bleeding and spotting are sometimes encountered in patients on oral 
contraceptives, especially during the first 3 months of use. Non-hormonal causes 
should be considered and adequate diagnostic measures taken to rule out malig- 
nancy or pregnancy in the event of breakthrough bleeding, as in the case of any 
abnormal vaginal bleeding. If peroo has been excluded, time or a change to 
another formulation may solve the problem. In the event of amenorrhea, pregnancy 
should be ruled out. 


Some women may encounter post-pill amenorrhea or oligomenorrhea, especially 
when such a condition was pre-existent, 


PRECAUTIONS 
1. PHYSICAL EXAMINATION AND FOLLOW-UP 


A complete medical mto and physical examination should be taken prior to the 
initiation or reinstitution of oral contraceptives and at least annually during use of 
oral contraceptives. These physical examinations should include special reference to 
blood pressure, breasts, abdomen and pelvic organs, including cervical cytology and 
relevant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal 
vaginal bleeding, appropriate diagnostic measures should be conducted to rule out 
malignancy. Women with a songa history of breast cancer or who have breast 
nodules should be monitored with particular care. 


2. LIPID DISORDERS 


Women who are being treated tor hyperlipidemias should be followed closely if they 
elect to use oral contraceptives. Some progestogens may elevate LDL levels and may 
render the contro! of hyperlipidemias more difficult 


3. LIVER FUNCTION 


It jaundice develops in any woman receiving oral contraceptives the medication 
should be discontinued. Steroid hormones may be poorly metabolized in patients 
with impaired liver function. 


4. FLUID RETENTION 


Oral contraceptives may cause some degree of fluid retention. They should be 
prescribed with caution, and only with careful monitoring, in patients with condi- 
tions which might be aggravated by fluid retention. 


5. EMOTIONAL DISORDERS 


Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 


6. CONTACT LENSES 


Contact lens wearers who develop visual changes or changes in lens tolerance should 
be assessed by an ophthalmologist 


7. DRUG INTERACTIONS 


Reduced efficacy and increased incidence of breakthrough bleeding and menstrual 
irregularities have been associated with concomitant use of rifampin. A similar 
association though less marked, has been suggested with barbiturates, phenylbuta- 
zone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 


8. INTERACTIONS WITH LABORATORY TESTS 


Certain endocrine and liver function tests and blood components may be affected by 
oral contraceptives: 


a. Increased prothrombin and factors Vil, Vill, 1X, and X; decreased antithrombin 3; 
increased norepinephrine-induced platelet aggregability. 


b. Increased thyroid binding globulin (TBG) leading to increased circulating total 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by 

radioimmunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG. 
Free T4 concentration is unaltered. 


c. Other binding proteins may be elevated in serum. 


d. Sex steroid binding globulins are increased and result in elevated levels of total 
circulating sex steroids and corticoids; however, free or biologically active levels 
remain unchanged. 


e. Triglycerides may be increased. 
t. Glucose tolerance may be decreased. 


g. Serum folate levels may be depressed by oral contraceptive therapy. This may be 
of clinical significance if a woman becomes pregnant shortly after discontinuing oral 
contraceptives. 


9. CARCINOGENESIS 

See WARNINGS section. 

10. PREGNANCY 

Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 
11, NURSING MOTHERS 


Small amounts of oral contraceptive steroids have been identified in the milk of 
nursing mothers and a tew adverse effects on the child have been reported, including 
jaundice and breast enlargement. In addition, oral contraceptives given in the post- 
rtum period may interfere with lactation by decreasing the quantity and quality of 
ast milk. If possible, the nursing mother should be advised not to use oral 
contraceptives but to use other forms of contraception until she has completely 
weaned her child 


INFORMATION FOR THE PATIENT 
See PATIENT LABELING. 
ADVERSE REACTIONS 


An increased risk of the following serious adverse reactions has been associated with 
the use of oral contraceptives (see WARNINGS section): 


» Thrombophlebitis + Arterial thromboembolism + Pulmonary embolism + Myocardial 
infarction + Cerebral hemorrhage + Cerebral thrombosis + Hypertension + Gallbladder 
disease + Hepatic adenomas, carcinomas or benign liver tumors 


There is evidence of an association between the following conditions and the use of 
oral contraceptives, although additional confirmatory studies are needed: 


+ Mesenteric thrombosis « Retinal thrombosis 


The following adverse reactions have been petad in patients receiving oral con- 
traceptives and are believed to be drug-related: 


+ Nausea « Vomiting » Gastrointestinal symptoms (such as abdominal cramps and 
bloating) + Breakthrough bleeding + Spotting + Change in menstrual flow + Amenor- 
rhea + Temporary infertility after discontinuation of treatment + Edema + Melasma 
which may persist » Breast changes: tenderness, enlargement, secretion + Change in 
weight (increase or decrease) + Change in cervical erosion and secretion + Diminution 
in lactation when given immediately postpartum » Cholestatic jaundice + Migraine + 
Rash (allergic) + Mental depression + Reduced tolerance to carbohydrates + Vaginal 
candidiasis + Change in corneal curvature (steepening) « Intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted: 
+ Pre-menstrual syndrome + Cataracts + Changes in appetite + Cystitis-like syndrome + 
Headache + Nervousness « Dizziness - Hirsutism + Loss of scalp hair + Erythema 
multiforme + Erythema nodosum + Hemorrhagic eruption + Vaginitis + Porphyria + 
mpane renal function + Hemolytic uremic syndrome + Budd-Chiari syndrome + Acne 
«Changes in libido + Colitis 
OVERDOSAGE 

Serious ill effects have not been reported following acute ingestion of large doses of 
oral contraceptives by young children. Overdosage may cause nausea, and with- 
drawal bleeding may occur in females. 

NON-CONTRACEPTIVE HEALTH BENEFITS 


The following non-contraceptive health benefits related to the use of oral contracep- 
tives are supported by epidemiological studies which largely utilized oral contracep- 
tive formulations containing estrogen doses exceeding 0.035 mg of ethinyl! estradiol 
or 0.05 mg of mestranol. 


Effects on menses: 


+ Increased menstrual cycle regularity + Decreased blood loss and decreased inci- 
dence of iron deficiency anemia + Decreased incidence of dysmenorrhea 


Effects related to inhibition of ovulation: 


+ Decreased incidence of functional ovarian cysts + Decreased incidence of ectopic 
pregnancies 


Effects trom long-term use: 


+ Decreased incidence of fibroadenomas and fibrocystic disease of the breast + 
Decreased incidence of acute pelvic inflammatory disease + Decreased incidence ot 
endometrial cancer » Decreased incidence of ovarian cancer 
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Central hemodynamic assessment of normal term pregnancy 1439 
Steven L. Clark, MD, David B. Cotton, MD, Wesley Lee, MD, Clark Bishop, MD, Tracy Hill, MD, 

James Southwick, MD, James Pivarnik, PhD, Thomas Spillman, PhD, Greggory R. DeVore, MD, 

Jeffrey Phelan, MD, Gary D. V. Hankins, MD, Thomas J. Benedetti, MD, and Dennis Tolley, PhD 

Provo, Utah, Houston and San Antonio, Texas, Los Angeles, California, and Seattle, 

Washington 


Central hemodynamic parameters were assessed with pulmonary artery catheterization in 10 
normal patients during the third trimester and postpartum periods. 


The central hemodynamics of severe preeclampsia 1443 
William C. Mabie, MD, Thomas E. Ratts, MD, and Baha M. Sibai, MD 
Memphis, Tennessee 


The failure of the circulation to dilate in the setting of increasing cardiac output appears to 
be a characteristic feature of preeclampsia. 


Cardiovascular changes in early phase of pregnancy 1449 
Eleanor L. Capeless, MD, and James F. Clapp, MD 
Burlington, Vermont 


The majority of the pregnancy-induced changes in cardiac output and systemic vascular 
resistance occur during the embryonic period, as compared with the preconceptional baseline. 
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Continuation...an excellent indicator of patient satisfaction. 


The Ortho ALL-FLEX* 
Arcing Spring Diaphragm 


o Easy to insert and position 

o Easy to clean and maintain 

o Easy to use with unscented, colorless, stainless 
GYNOL II* (2% nonoxynol-9) Contraceptive Jelly 

o The combination for continuation—with 4 out 
of 5 patients continuing after 1 year* 


Continuation...it's one reason why physicians continue 
to make ORTHO ALLFLEX and GYNOL II the #1 
prescribed diaphragm combination in America? 


rtho ALL-FLEX* 


Arcing Spring 


DIAPHRAGM 


>rh > b> 
>> a 
>> bb 
>»>r bd» 






ALL-FLEX’ 


ARCING SPRING DIAPHRAGM 


GYNOL Il sae 
COLORLESS 

tA STAINLESS 
CONTRACEPTIVE JELLY FOR USE WITH DIAPHRAGM 


+Number of patients continuing the method for 
12 consecutive months; data on file, Ortho Pharmaceutical Corporation. 


Data on file, Ortho Pharmaceutical Corporation. 


Consult the patient brochure for information on 
toxic shock syndrome (TSS) and wearing time. 
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The effects of maternal exercise on early pregnancy outcome 1453 
James F. Clapp III, MD 


Burlington, Vermont 


Running and aerobic dancing at high intensity at the time of conception and throughout early 
pregnancy did not influence early pregnancy outcome. 


Oxygen consumption during treadmill exercise before, during, and after 1458 
pregnancy 

James F. Clapp III, MD 

Burlington, Vermont 


The efficiency of low- and moderate-intensity treadmill exercise is increased early in 
pregnancy, maintained throughout pregnancy in most subjects, and enhanced by continued 
physical training during pregnancy. 


Exercise prescription in pregnancy: Weight-bearing versus 1464 
non-weight-bearing exercise 


Raul Artal, MD, Damon I. Masaki, MD, Nazareth Khodiguian, PhD, Yitzhak Romem, MD, 
Susan E. Rutherford, MD, and Robert A. Wiswell, PhD 
Los Angeles, California 


Weight-bearing exercise was compared with non-weight-bearing exercise in pregnant women 
by indirect calorimetry, which indicates preferential use of carbohydrates during 
non-weight-bearing exercise. 


Human fetal behavioral states after vibratory stimulation 1470 
Robert Gagnon, MD, Cora Hunse, RN, and John Foreman, PEng 
London, Ontario, Canada 


External vibratory stimulation of healthy term fetuses was associated with a transition from a 
quiet to an active sleep state. 
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THE PERMANENTE MEDICAL GROUP 


NORTHERN CALIFORNIA 





QUALITY 


STABILITY 


LEADERSHIP 


GROWTH 


SUPPORT 


REWARDS 


KAISER PERMANENTE 
Good People. Good Medicine. 


The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created 
opportunities throughout the region for additional BC/BE Obstetri- 


cians and Gynecologists. 


As part of a comprehensive health care system made up of the 
Kaiser Foundation Health Plan, Kaiser Foundation Hospitals, and 
our physician-managed group, you will have access to the latest 
medical technology and resources, the support of colleagues in all 
subspecialties — and the opportunity to provide excellent health 
care without the burdens of managing a practice. 


Join us in one of these facilities: 


Richmond — Small, congenial clinic 
setting staffed by five physicians and 
five nurse practitioners with ready 
consultation for other services, 
including perinatology. Practice 
general OB/GYN, high-risk obstetrics 
and infertility. Expertise in colposcopy, 
laparoscopy, hysteroscopy and laser 
welcome. Resident teaching 
opportunities exist. Staff call at Kaiser 
Hospital in Oakland, shared with 
resident staff. 


Oakland — Twenty physicians, 12 
residents offer services in oncology, 
infertility, maternal-fetal medicine and a 
large ICN. 


Redwood City — Specializes in family- 
centered maternity care; offers modern 
LDR rooms and full range of gyneco- 
logical surgery. With ten physicians, 
24-hour call is required three times 
each month. Beautiful Peninsula 
location, near San Francisco and the 
Pacific Ocean. 


Stockton — Small four physician 
department in a new clinic building 
with new equipment, including laser. 
Stockton's lifestyle is affordable and 
attractive, offering recreational activities 
such as boating on the inland water- 
ways. Centrally located, with moun- 
tains to the east and San Francisco Bay 
Area to the west. 


Roseville — Eight physicians and two 
nurse practitioners in clinic setting. 
Patients are hospitalized for delivery 
and surgery in Sacramento where 
physicians take call for L&D and 
emergency about 5 times each month. 


San Francisco — Full range of serv- 
ices including large high-risk, tertiary 
care OB service. Eighteen physicians, 
including GYN Oncologist. Residency 
program. Clinical research and aca- 
demic teaching appointments available. 
Sacramento — Growing metropolitan 
area between San Francisco Bay Area 
and Sierra Nevada mountains. Up-to- 
date facility with active staff of 14 and 
excellent residency program affiliated 
with the University of California at 
Davis. Flexible call averaging five 
shifts per month covers L&D, emer- 
gency room and inpatient services. 
Pleasanton — Staffed by four physi- 
cians and three nurse practitioners, 
clinic provides general OB/GYN serv- 
ices, non-stress tests, ultrasound and 
cystoscopy. Consultant support, in- 
cluding a Perinatologist, readily avail- 
able. Share call with staff of Walnut 
Creek Medical Center. Affiliated with 
the University of California at San 
Francisco as clinical instructors. 
Fresno — Ground-floor opportunities 
in growing area for clinically-oriented 
individuals. Provide general OB/GYN; 
special interests encouraged. Planning 
new $26 million outpatient facility to 
accompany current medical office 
building. On call every fourth night 
and weekend. Local residency program 
at Valley Medical Center affiliated with 
the University of California at San 
Francisco. Teaching positions possible. 
South San Francisco — Full service 
except L&D. Nine physicians, six nurse 
practitioners. On San Francisco 
Peninsula, 15 minutes from downtown. 


Member physicians share TPMG's many benefits, from our leading quality assur- 
ance and continuing education to malpractice coverage and substantial retirement 
programs. For application information, call or send CV to: The Permanente 
Medical Group, Inc., Richmond Prescott, M.D., Physician Recruitment Services, 
1814 Franklin, 4th Floor, Oakland, CA 94612. 800-777-4912. EOE 
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The effect of vibroacoustic stimulation on the nonstress test at 1476 
gestational ages of thirty-two weeks or less 


Maurice L. Druzin, MD, Terri G. Edersheim, MD, J. M. Hutson, MD, and Annette L. Bond, MD 
New York, New York 


The incidence of reactive nonstress tests after vibroacoustic stimulation was significantly 
increased after 26 weeks’ gestation, and this finding may have clinical applicability. 


Effects of low-frequency vibration on human term fetuses 1479 
Robert Gagnon, MD, John Foreman, PEng, Cora Hunse, RN, and John Patrick, MD 
London, Ontario, Canada 


External low-frequency vibratory stimulation of healthy term fetuses was associated with 
changes in fetal movement and fetal heart rate patterns suggesting a switch from a state of 
quiet sleep to a state of active sleep. 


Nifedipine pharmacokinetics during preterm labor tocolysis 1485 
James E. Ferguson Il, MD, Thomas Schutz, BA, Robert Pershe, BS, David K. Stevenson, MD, and 

Terrence Blaschke, MD 

Stanford, California 


Tocolysis with sublingual and oral nifedipine resulted in variable but usually measurable 
maternal blood levels; placental transfer of nifedipine occurs. 


Prediction of hematocrit decline after intravascular fetal transfusion 1491 
Scott N. MacGregor, DO, Michael L. Socol, MD, Bruce W. Pielet, MD, John S. Sholl, MD, and 

Richard K. Silver, MD 

Chicago and Evanston, Illinois 


Fetal hematocrit decline after intravascular transfusion may be predicted to determine the 
optimum timing of repeat transfusion. 


Effect of acute intravascular volume expansion on human fetal 1494 
prostaglandin concentrations 

Carl P. Weiner, MD, and Jean E. Robillard, MD 

Towa City, lowa 


Intravenous transfusion of the anemic human fetus stimulates the release of prostaglandin Ez 
and prostacyclin. 


The effect of intravascular transfusion on umbilical venous pressure in 1498 
anemic fetuses with and without hydrops 


Carl P. Weiner, MD, Gay D. Pelzer, RN, Joni Heilskov, RN, Katharine D. Wenstrom, MD, and 
Roger A. Williamson, MD 
Iowa City, Iowa 


The anemic human fetus tolerates direct intravascular transfusion with only a modest increase 
in umbilical venous pressure. 


(Contents continued on page 8A) 
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Duplex Doppler ultrasonographic evaluation of the fetal renal artery in 
normal and abnormal fetuses 

J. C. Veille, MD, and C. Kanaan, MD 

Cleveland, Ohio 


Duplex ultrasonography of the fetal renal artery was obtained in normal fetuses and in fetuses 
with intrauterine growth retardation; fetuses with intrauterine growth retardation have an 
increased vascular resistance within this bed. 


Intrapartum Doppler velocimetry, amniotic fluid volume, and fetal heart 
rate as predictors of subsequent fetal distress. |. An initial report 


Albert P. Sarno, Jr., MD, MAJ, USA, Myoung Ock Ahn, MD, MPH, Harbinder S. Brar, MD, 


Jeffrey P. Phelan, MD, and Lawrence D. Platt, MD 
Los Angeles, California 


Amniotic fluid volume and the initial fetal heart rate tracing in early labor may be resonable 
predictors of subsequent fetal condition, whereas Doppler velocimetry alone was not. 


Doppler assessment of the fetal and uteroplacental circulation during 
nifedipine therapy for preterm labor 

Giancarlo Mari, MD, Brian Kirshon, MD, Kenneth J. Moise, Jr., MD, Wesley Lee, MD, and 
David B. Cotton, MD 

Houston, Texas 


Nifedipine, when used for the treatment of preterm labor, did not alter the fetal or 
uteroplacental circulation as evaluated by the Doppler technique at 5 hours after the initiation 
of therapy. 


Maternal and fetal blood flow velocity waveforms in patients with 
preterm labor: Relationship to outcome 

Harbinder S. Brar, MD, Arnold L. Medearis, MD, Greggory R. DeVore, MD, and 
Lawrence D. Platt, MD 

Los Angeles, California 


Abnormal pretherapy umbilical and/or uterine systolic to diastolic ratios in patients with 
preterm labor predict increased risk of preterm birth and poor pregnancy outcome. 


Clinical management of the fetus with markedly diminished umbilical 
artery end-diastolic flow 

Michael Y. Divon, MD, Barbara A. Girz, DO, Richard Lieblich, MD, and Oded Langer, MD 
Bronx, New York 


Delivery of the preterm fetus with diminished end-diastolic flow may not be mandatory; the 
use of fetal biophysical testing, coupled with commonly used criteria for delivery, results in 
acceptable fetal outcome and prolongation of gestational age. 
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Doppler assessment of the pulsatility index of the middle cerebral artery 1528 
during constriction of the fetal ductus arteriosus after indomethacin 

therapy 

Giancarlo Mari, MD, Kenneth J. Moise, Jr., MD, Russell L. Deter, MD, Brian Kirshon, MD, 

James C. Huhta, MD, Robert J. Carpenter, Jr., MD, and David B. Cotton, MD 

Houston, Texas 


A response to indomethacin therapy sufficient to cause fetal ductal constriction and tricuspid 
insufficiency decreased the pulsatility index of the middle cerebral artery. 


Human fetal tricuspid and mitral deceleration time: Changes with normal 1532 
pregnancy and intrauterine growth retardation 
Kathryn L. Reed, MD, Christopher P. Appleton, MD, David J. Sahn, MD, and Caroline F. Anderson, RDMS 


Tucson, Arizona, and San Diego, California 


Doppler echocardiography was used to show abnormal prolongation of the atrioventricular 
deceleration time in fetuses with intrauterine growth retardation and absent end-diastolic 
velocities in the umbilical artery. 


Effect of placental laterality on uterine artery resistance and 1536 
development of preeclampsia and intrauterine growth retardation 

Alexander D. Kofinas, MD, Mary Penry, RN, Melissa Swain, RN, and Christos G. Hatjis, MD 

Winston-Salem, North Carolina 


Placental laterality is associated with increased uterine artery resistance and almost a 
threefold increase in the incidence of preeclampsia and intrauterine growth retardation. 


Ultrasonographic criteria for the prenatal diagnosis of placental 1540 
chorionicity in twin gestations 

Hung N. Winn, MD, Sandro Gabrielli, MD, E. Albert Reece, MD, J. Andres Roberts, MD, 

Carolyn Salafia, MD, and John C. Hobbins, MD 

New Haven, Connecticut 


Quantitative assessment of the dividing membranes is helpful in the prenatal diagnosis of 
placental chorionicity by ultrasonography. 


Esterase activity in second- and third-trimester amniotic fluid: An 1543 
indicator of chorioamnionitis 

Iffath Abbasi Hoskins, MD, Joseph Katz, PhD, Steven A. Ordorica, MD, and Bruce K. Young, MD 

New York, New York 


An in vitro leukocyte esterase assay is a reliable alternative for the laboratory diagnosis of 
chorioamnionitis. 


Rapid chromosome analysis with the use of spontaneously dividing cells 1546 
derived from umbilical cord blood (fetal and neonatal) 

Robert E. Tipton, MD, Avirachan T. Tharapel, PhD, Hua-Hua T. Chang, BS, Joe Leigh Simpson, MD, and 
Sherman Elias, MD 

Memphis, Tennessee 


Rapid chromosome analysis with the use of umbilical cord blood provides high-quality 
metaphases that can be used to facilitate management of fetuses or neonates with 
malformations or intrauterine growth retardation. 
(Contents continued on page 10A) 
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Effects of fetal sex and dexamethasone on preterm maternal serum 1549 
concentrations of human chorionic gonadotropin, progesterone, estrone, 

estradiol, and estriol 

Ray V. Haning, Jr., MD, Luis B. Curet, MD, W. Kenneth Poole, PhD, Lynn M. Boehnlein, BS, 

Donna L. Kuzma, BS, and Sandra M. Meier, BS 

Providence, Rhode Island, Madison, Wisconsin, and Research Triangle Park, North Carolina 


The serum human chorionic gonadotropin concentration was significantly higher in female 
pregnancies than in male pregnancies at an average gestational age of 32 weeks. 


High glucose levels decrease proliferation of cultured human fetal cells 1553 
from placenta 

D. Michael Nelson, MD, PhD, and Edward M. Curran, MS 

St. Louis, Missouri 


The proliferation of cultured human fetal cells from the placenta is decreased by elevated 
glucose levels in the range observed in some pregnant diabetic women. 


Stimuli for fetal swallowing: Systemic factors 1559 
Michael G. Ross, MD, Dan J. Sherman, MD, M. Gore Ervin, PhD, Linda Day, and James Humme 
Torrance and Los Angeles, California, and Tel Aviv, Israel 


Fetal electromyographic swallowing activity and volume swallowed increased significantly in 
response to acute plasma hyperosmolality. 


Effect of whole-body pH changes on thoracic duct lymph flow in 1566 
anesthetized sheep 
Guillermo J. Valenzuela, MD, Hugh W. Forbes, and Justo G. Alonso, MD 


Loma Linda, California 


Significant cardiovascular and lymph flow effects were noted after the whole-animal pH was 
changed by 0.15 units. 


Does furosemide alter the hemodynamic response to rapid intravascular 1571 
transfusion of the anemic fetal lamb? 

David H. Chestnut, MD, Kenneth L. Pollack, MD, Carl P. Weiner, MD, Jean E. Robillard, MD, 

Christine S. Thompson, and Craig S. DeBruyn 

Towa City, lowa 


Rapid intravascular transfusion of anemic fetal lambs resulted in modest increases in fetal 
central venous pressure and mean arterial pressure, with or without furosemide. 


Intrauterine growth retardation and the circulatory responses to acute 1576 
hypoxemia in fetal sheep 

Barry S. Block, MD, Donald H. Schlafer, DVM, PhD, Richard A. Wentworth, PhD, Lois A. Kreitzer, MS, and 
Peter W. Nathanielsz, MD, PhD 

Chicago, Illinois, and Ithaca, New York 


Despite chronic hypoxemia, fetuses with early intrauterine growth retardation have a regional 
blood flow distribution response to acute imposed hypoxemia similar to that of normally 
grown fetuses. 
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Prostaglandin E) metabolism in the human fetal membranes 1580 
Paul Y. C. Cheung, BSc, and John R. G. Challis, PhD, DSc 
London, Ontario, Canada 


Conversion of prostaglandin E> to prostaglandin Fz« can occur in the human fetal membranes 
and decidua but does not normally contribute significantly to prostaglandin Fz« output by 
intrauterine tissues at labor. 


Increased placental progesterone may cause decreased placental 1586 
prostacyclin production in preeclampsia 

Scott W. Walsh, PhD, and Stephanie Coulter, BS 

Houston, Texas 


Addition in vitro of progesterone at a concentration equivalent to that present in the 
incubation medium of placentas from women with preeclampsia inhibits prostacyclin 
production by normal placentas to a rate characteristic of preeclampsia. 


Aspirin differentially affects thromboxane and prostacyclin production by 1593 
trophoblast and villous core compartments of human placental villi 

D. Michael Nelson, MD, PhD, and Scott W. Walsh, PhD 

St. Louis, Missouri, and Houston, Texas 


Aspirin can selectively inhibit thromboxane production in whole placental villi and can 
differentially affect thromboxane and prostacyclin production by the trophoblast and villous 
core compartments. 


In vitro release of endothelium-derived relaxing factor by acetylcholine is 1599 
increased during the guinea pig pregnancy 

Carl Weiner, MD, Ernest Martinez, BA, Liu Kang Zhu, MD, Abdi Ghodsi, BS, and 

David Chestnut, MD 

lowa City, lowa 


Pregnancy is associated with a systemic increase in endothelium-derived relaxing factor 
activity. 


Effect of pregnancy on uterine and carotid artery response to 1605 
norepinephrine, epinephrine, and phenylephrine in vessels with 

documented functional endothelium 

Carl P. Weiner, MD, Ernest Martinez, BA, David H. Chestnut, MD, and Abdi Ghodsi, BS 


Iowa City, lowa 


Pregnancy is associated with a decrease in uterine artery response, efficacy, and sensitivity to 
catecholamines. 


Evaluation of pulsed Doppler echocardiography for measurement of 1610 
aortic blood flow in the fetal lamb 


Jean-Claude Veille, MD, Michael Tavill, BA, Mark Sivakoff, MD, Ilan Cohen, MD, Moshe Ben-Ami, MD, 
Yuh-Cheng Yang, MD, and Vasil Jovkovsky, MD 
Cleveland, Ohio 


Validation of pulsed Doppler echocardiography was done in the fetal lamb; invasive and 
noninvasive methods were found to be highly correlated (r = 0.93). 
(Contents continued on page 12A) 


Contents continued from page 11A 








Lymph flow rate response to angiotensin Il is decreased in pregnant 1615 
sheep 

Guillermo J. Valenzuela, MD, and Lawrence D. Longo, MD 

Loma Linda, California 


Lymph flow response to angiotensin II was decreased in pregnant sheep; this characteristic 
may play a role in edema formation of pregnancy. 


Atrial natriuretic factor: The effects of pregnancy and a high-salt diet on 1620 
atrial levels 

Lony C. Castro, MD, Chander P. Arora, PhD, Jane L. Davis, MD, Calvin J. Hobel, MD, and 

Hassan Parvez, PhD 

Los Angeles, California, and Paris, France 


The concentration of atrial natriuretic factor was found to be elevated in the right and left 
atria of postpartum rats and in the left atria of term pregnant rats on a high-salt diet. 


Is a decrease in plasma oncotic pressure enough to explain the edema 1624 
of pregnancy? 

Guillermo J. Valenzuela, MD 

Loma Linda, California 


Decrease of the plasma protein produces a decrease in capillary filtration, thus maintaining a 
stable oncotic pressure difference across the capillary wall. 


Treatment of oophorectomized guinea pigs with intrauterine 1628 
178-estradiol pellets may modulate myometrial G-adrenergic receptor 

binding properties 

Christos G. Hatjis, MD, David M. Grogan, BA, and Donald R. Koritnik, PhD 

Winston-Salem, North Carolina, and Columbus, Ohio 


178-Estradiol treatment in pharmacologic doses may result in a significant increase in the 
relative concentration of guinea pig myometrial B-adrenergic receptors capable of forming the 
“high affinity” state. 


Pregnancy-induced changes in the interaction of guinea pig myometrial 1633 
B-adrenergic receptors with -isoproterenol 

Christos G. Hatjis, MD, and David M. Grogan, BA 

Winston-Salem, North Carolina, and Columbus, Ohio 


The ability of guinea pig myometrial -adrenergic receptors to form a “high-affinity” state 
with /-isoproterenol is enhanced in pregnant animals at =0.9 of gestation. 


Vasopressin receptors in human pregnant myometrium and decidua: 1637 
Interactions with oxytocin and vasopressin agonists and antagonists 

Marina Ivanisevic, MD, Oliver Behrens, MD, Hanns Helmer, MD, Keith Demarest, PhD, and Anna-Riitta 
Fuchs, DSc 

New York, New York, and Raritan, New Jersey 


High concentrations of vasopressin receptors in decidua and myometrium with high affinity 
also to oxytocin and oxytocin antagonists may contribute significantly to uterine stimulation 
during labor. 
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The antagonistic effect of oxytocin and relaxin on rat uterine segment 1644 
contractility 


Laura T. Goldsmith, PhD, Joan H. Skurnick, PhD, Andrea S. Wojtczuk, MS, Martin Linden, PhD, 
Mary Jeanne Kuhar, MD, and Gerson Weiss, MD 
Newark, New Jersey 


Relaxin and oxytocin have antagonistic effects on contractions in an in vitro system with rat 
uterine segments. 


Decreased -carotene tissue levels in uterine leiomyomas and cancers of 1649 
reproductive and nonreproductive organs 


Prabhudas R. Palan, PhD, Magdy Mikhail, MD, and Seymour L. Romney, MD 
Bronx, New York 


Tissue -carotene levels are significantly lower in uterine fibroids and malignant neoplasms 
than in adjacent normal sites. 


Compensatory ovarian hypertrophy occurs by a mechanism distinct from 1653 
compensatory growth in the regenerating liver 

Ronald D. Alvarez, MD, William E. Grizzle, MD, PhD, Lori J. Smith, and Donald M. Miller, MD, PhD 
Birmingham, Alabama 


A significant increase in proto-oncogene expression or deoxyribonucleic acid synthesis occurs 
in the contralateral ovary after hemioophorectomy in rats. 


Assessment of epidermal growth factor in the healing process of clean 1658 
full-thickness skin wounds 


Alfredo J. Jijon, MD, Donald G. Gallup, MD, M. Ali Behzadian, PhD, and William P. Metheny, PhD 
Augusta, Georgia 


A trend toward faster wound healing was noted with use of epidermal growth factor 
compared with Ringer’s lactate solution in female pigs. 


Immunocytochemical study of ras and myc proto-oncogene polypeptide 1663 
expression in the human menstrual cycle 

Lawrence D. Odom, MD, J. Michael Barrett, PhD, Cooley G. Pantazis, MD, Leland D. Stoddard, MD, 

and Paul G. McDonough, MD 

Augusta, Georgia 


Evaluation of c-ras and c-myc polypeptide expression reveals no cyclic variation for c-ras, but 
the c-myc product is reduced in the secretory phase. 


Comparison of Cytobrush and cervicovaginal lavage sampling methods 1669 
for the detection of genital human papillomavirus 


Gary L. Goldberg, MD, Sten H. Vermund, MD, Mark H. Schiffman, MD, Diane B. Ritter, MD, 
Carol Spitzer, BS, MS, and Robert D. Burk, MD 
Bronx, New York, and Bethesda, Maryland 


Cervicovaginal lavage, together with human papillomavirus deoxyribonucleic acid 
hybridization, is the most sensitive noninvasive method of harvesting cells for detection of 
human papillomavirus. 
(Contents continued on page 14A) 
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Spontaneously resorbing ectopic pregnancy: Preservation of human 1673 
chorionic gonadotropin bioactivity despite declining steroid hormone 

levels 

Mark V. Sauer, MD, Robert E. Anderson, MD, Michael Vermesh, MD, Bronte A. Stone, PhD, 

and Richard J. Paulson, MD 

Los Angeles, California 


Corpora lutea of spontaneously resorbing ectopic gestations produce very low levels of steroids 
despite continued serum human chorionic gonadotropin bioactivity. 


Decreased in vitro production of 6-keto-prostaglandin F,, by uterine 1677 
arteries from postmenopausal women 

Alex Steinleitner, MD, Frank Z. Stanezyk, PhD, Jay H. Levin, MD, Gerritt d’Ablaing IHI, MD, 

Marcela A. Vijod, BS, Violette L. Shahbazian, BS, and Rogerio A. Lobo, MD 

Los Angeles, California 


In vitro production of prostacyclin by uterine arteries was significantly decreased in specimens 
obtained from postmenopausal women. 


Depressive episodes in premenstrual syndrome 1682 
Joseph F. Mortola, MD, Lyda Girton, PhD, and Samuel S. C. Yen, MD, DSc 
La Jolla, California 


Premenstrual depressive episodes are shown to be distinct from major depression with both 
psychometric measures and cortisol pulsatile activity used as indices. 


Peri-implantation phase endometrial estrogen and progesterone 1688 
receptors: Effect of ovulation induction with clomiphene citrate 


Bryan R. Hecht, MD, Firyal S. Khan-Dawood, PhD, and M. Yusoff Dawood, MD 
Chicago, Illinois 


Clomiphene citrate (50 and 150 mg) treatment did not significantly affect the concentrations 
and binding affinities of peri-implantation phase endometrial estrogen and progesterone 


receptors. 


Aromatase in human fetal tissues 1694 
Kevin J. Doody, MD, and Bruce R. Carr, MD 
Dallas, Texas 


The presence of aromatase in various human fetal tissues is shown. 


Comparison of in vivo bioavailability of progestational agents into the rat 1698 
uterus and liver and the effect of plasma protein binding 

Bradley Van Voorhis, MD, Dennis W. Matt, PhD, Maria L. Tedeschi, and Kenneth A. Steingold, MD 
Richmond, Virginia 

Compared with progesterone or 19-nortestosterone, medroxyprogesterone acetate exhibited 

greater uterine bioavailability as a result of decreased plasma protein binding. 
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Androgen sulfate and glucuronide conjugates in nonhirsute and hirsute 1704 
women with polycystic ovarian syndrome 

Robert K. Matteri, MD, Frank Z. Stanczyk, PhD, Elisabet E. Gentzschein, BA, Clara Delgado, BA, 

and Rogerio A. Lobo, MD 

Los Angeles, California 


Several Co conjugates that reflect peripheral androgen activity were measured; these 
conjugates (in particular, androsterone glucuronide) were elevated only in hirsute women. 


In vivo administration of allopurinol affects ovulation and early embryonic 1709 
development in rabbits 

Toyohiko Miyazaki, MD, PhD, Tsung-Cheng Kuo, MD, PhD, Arunasalam M. Dharmarajan, PhD, 

Susan J. Atlas, PhD, and Edward E. Wallach, MD 

Baltimore, Maryland 


Allopurinol, administered to rabbits along with an ovulation-inducing dose of human chorionic 
gonadotropin, significantly reduced the percent of large follicles ovulating, cumulus dispersal, 
and early embryonic development. 


Effects of platelet activating factor on mouse oocyte fertilization in vitro 1714 
Brijinder S. Minhas, PhD, Raj Kumar, PhD, Deborah D. Ricker, MS, William E. Roudebush, PhD, 

Melvin G. Dodson, MD, PhD, and Stephen J. Fortunato, MD 

Johnson City, Tennessee, and San Antonio, Texas 


In vitro fertilization of mouse oocytes is enhanced by platelet activating factor treatment of 
spermatozoa. 


Release of tumor necrosis factor-a by human peritoneal macrophages in 1718 
vivo and in vitro 

Jouko Halme, MD, PhD 

Los Angeles, California, and Chapel Hill, North Carolina 


Peritoneal macrophages released tumor necrosis factor activity in vitro and thus are a likely 
source of the activity in peritoneal fluid of patients with endometriosis. 


Isolation and sequencing of a complementary deoxyribonucleic acid 1726 
clone encoding human placental 17(-estradiol dehydrogenase: 
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and should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for longer than 
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mastodynia, etc. Prolonged administration of unopposed estrogen therapy has been reported to increase the risk 
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induced platelet aggregability. 

c, Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone. as 
measured by PBI, Ty by column, or T4 by radioimmunoassay. Free T, resin uptake is decreased, reflecting the 
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study of postmenopausal women there was no increase in risk of breast cancer with use of conjugated estrogens 
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manuscript when necessary, will be returned to the author 
for completion. 

Previous publication. If a report by the same author(s) 
has been previously published in any medium that deals in 
any respect whatever with the same patients, same ani- 
mals, same laboratory experiments, or same data, in part 
or in full, as those reported in the manuscript being 
submitted, two reprints of the article or two copies of the 
manuscript, be it a full-length report or an abstract, must 
be submitted with the manuscript. The author(s) should 
inform the Editor of the circumstances of the two reports. 
This requirement also applies to the submission of a 
manuscript in which a few different patients, animals, 
laboratory experiments, or data were added to those . 
reported in a previous publication or in a submitted or 


accepted manuscript. Articles previously published in 
another language will not be considered. 

Human and animal experimentation. It is assumed by the 
Editors that manuscripts emanating from a particular 
institution are submitted with the approval of the requisite 
authority. Human experimentation that requires local 
institutional approval must have this approval before the 
experiment is started and approval must be so indicated in 
the Methods section of the submitted manuscript. Reports 
of experiments on animals must state in the Methods 
section of the manuscript that the guidelines for the care 
and use of the animals approved by the local institution 
were. followed. ; 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship 
list of a report is based only (1) on substantial contribu- 
tions to (a) concept and design, or analysis and interpreta- 
tion of data and (b) drafting the manuscript or revising it 
critically for important intellectual content; and (2) on 
final approval by each author of the version of the 
manuscript. Conditions 1 (a and b) and 2 must both be 
met. Others contributing to the work should be recognized 
separately in an Acknowledgment. In the covering letter 
that accompanies the submitted manuscript, it must be 
confirmed that all authors fulfilled both conditions. 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a conflict of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the 
consultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript is 
accepted, the author and the Editor will determine how best 
to release the information. The usual and customary listing 
of sources of support and institutional affiliations on the 
title page is proper and does not imply a conflict of interest; 
only where there is a possible conflict of interest is the 
author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or publisher, and 
the Editor(s) and publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guaran- 
tee any claim made by the manufacturer of such product or 
service. $ 
General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of glossy prints of illustrations 
` are required. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper witk 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 

. ing order: title page, condensation, abstract, body of text. 
ackrowledgments, references, legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing 

` purposes); author line with first name, middle initial, and 
last name of each author and each author’s highes: 
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academic. degree (both MD and PhD are acceptable); 
city(Gies), state(s) in which the study was conducted; 
divisional, or departmental, and institutional affiliations at 
the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
name, address, and business and home telephone numbers 
of author to whom requests for reprints should be 
addressed (if reprints will not be available, it should be so 
stated); and name, address, and business and home tele- 
phone numbers of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
of the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

‘Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) 
of author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. ; 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rather 
than on the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s. 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it 
is a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should pe adjusted 
accordingly. 


duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations with those of others. Such comparisons ‘and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65), Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
` more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 


oxytocin augmentation and epidural anesthesia. AM J _ 


OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 


ses, at the appropriate location in the text. If used, the - 


author(s) must obtain written and signed permission for 


their use from the individual being quoted. This signed — 


permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. i 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
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ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author’s last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. Zf a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. > : 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 


manuscript, and these pages ‘must be numbered in 
sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit 10 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustraticn 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with tke 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple ilus- 
trations on a page cannot be accepted. Dot matrix prin-s 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangemen-:s 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. ; 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from tke 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or‘else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Incluce 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). i 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 


Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. i 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of . 


. a pertinent observation in the form of a Letter to the 


Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. i 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 


- Manuscript Editor, Journal Editing,- The C.V. Mosby 
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Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned, 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V. Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

— The original and two copies of the manuscript are sub- 
mitted. : 

—The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

. —Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

—Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

—All pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons wha have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s} being quoted and is enclosed. 


Authorship 

—lIn the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—lIn the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that migat pose a conflict of interest is 
described. 


Previous publications 
—Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

—Author(s) name(s) and highest academic degree(s) 

—City(ies), state(s), and country other than U.S. in which 
the study was conducted are given 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the author(s) institutional affiliation at the time 
of the study is indicated 

—Acknowledgment of financial support is cited 

—wName, address, and business and home telephone num- 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page i 

—Since the corresponding author is different from the au- 
thor to whom reprint requests are to be sent, his/her 
name, address, and business and home telephone num- 
bers have been added 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been 
typed 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract 

—tThe abstract is typed double-spaced with required mar- 
gins (on page 3) headed by the title and the author(s) 
name, not exceeding 150 words. For case reports and 
brief communications the limit of 50 words is not ex- 
ceeded. . 

—Three to five key words or short phrases are placed be- 
neath the abstract on page 3. 


Tables 

—Each table headed by a caption and numbered in Roman 
numerals is typed double-spaced on a separate page. 

—Tables are cited in sequence in the text. 


Figures 

—Are numbered in Arabic numerals and are cited in nu- 
merical sequence in the text. 

—Original transparencies of color photographs appropri- 
ately numbered and identified are submitted along with 
two sets of unmounted prints on glossy paper, numbered 
and identified on the back. 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 


—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors were followed. 

~— Abstracts, personal communications, and unpublished 
work are not used as numbered references but are men- 
tioned in the text with the written approval of the person 
being quoted and the signed approval is enclosed. 
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Central hemodynamic assessment of normal term pregnancy 


Steven L. Clark, MD, David B. Cotton, MD, Wesley Lee, MD, Clark Bishop, MD, 
Tracy Hill, MD, James Southwick, MD, James Pivarnik, PhD, Thomas Spillman, PhD, 
Greggory R. DeVore, MD, Jeffrey Phelan, MD, Gary D. V. Hankins, MD, 


Thomas J. Benedetti, MD, and Dennis Tolley, PhD 


Provo, Ulah, Houston and San Antonio, Texas, Los Angeles, California, and Seattle, Washington 


Ten carefully screened primiparous patients between 36 and 38 weeks’ gestation underwent pulmonary 
artery catheterization, arterial line placement, and central hemodynamic assessment in the left lateral 
recumbent position. Studies were repeated in the same patients between 11 and 13 weeks post partum. 
Compared with the nonpregnant state, there was a significant fall in systemic vascular resistance, 
pulmonary vascular resistance, colloid oncotic pressure, and colloid oncotic pressure—pulmonary capillary 
wedge pressure gradient by the late phase of the third trimester (p < 0.05). Pregnancy was associated 
with a significant rise in cardiac output and pulse in all patients (p < 0.05). There was no significant 
change in pulmonary capillary wedge pressure, central venous pressure, left ventricular stroke work index, 
or mean arterial pressure. Normaily the late phase of the third trimester is not associated with 
hyperdynamic left ventricular function as assessed by the left ventricular stroke work index/pulmonary 
capillary wedge pressure ratio. (AM J OBSTET GYNECOL 1989;161:1439-42.) 


Key words: Pregnancy, pulmonary artery catheter, critical care 


During the past decade there has been a rising in- 
terest in the hemodynamic assessment of critically ill 
pregnant patients.''' Whereas much has been docu- 
mented with regard to the central hemodynamic profile 
of patients with severe preeclampsia, cardiac disease, 
and septic shock, interpretation of this information has 
been hampered by a lack of data that describe the cen- 
tral hemodynamic profile of the “normal” pregnant 
patient. Early work by both Bader and Ueland?" in- 
volved the study of nonuniform patient populations 
with the use of investigational techniques rarely used 
in clinical practice today. Thus direct comparisons be- 


tween their normal populations and recent investiga-_ 


tions of critically ill pregnant patients may not be com- 
pletely valid. This study was designed to define the 
central hemodynamic profile of a uniform population 
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of normal third-trimester pregnant patients with 
contemporary clinical methods of hemodynamic as- 
sessment. 


Material and methods 


Ten volunteers were studied. Each met criteria de- 
tailed in Table I. 

Written informed consent was obtained. The study 
was approved by the hospital Institutional Review 
Board and an outside reviewer (pulmonologist/inten- 
sivist). Patients were reimbursed $200.00 for partici- 
pation in each phase (pregnant and nonpregnant) of 
the study. Four patients who volunteered were ex- 
cluded before initiation of the study because of bor- 
derline anemia, fetal intrauterine growth retardation, 
or the development of elevated blood pressure before 
the study. Patients were initially recruited from physi- 
cians’ offices in Provo, Utah. The study was performed 
at the Utah Valley Regional Medical Center in Provo. 

Each patient underwent pulmonary artery catheter- 
ization via the subclavian route and radial arterial line 
placement. Venous access was established by means of 
a peripheral heparin lock venous catheter. Baseline he- 
modynamic assessment was made with patients in the 
left lateral recumbent position after a 30-minute sta- 
bilization period. Cardiac output was measured with 
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Fig. 1. Relative hemodynamic changes in pregnancy: nonpregnant versus late phase of third- 
trimester. SVR, systemic vascular resistance; PVR, pulmonary vascular resistance; COP, colloid oncotic 
pressure; PCWP, pulmonary capillary wedge'pressure; CO, cardiac output; HR, heart rate; MAP, 
mean arterial pressure; CVP, central venous pressure; PAP, pulmonary artery pressure; LVSWI, 


left ventricular stroke work index. 


HYPERDYNAMIC. 


_LVSWI(g-m-M-2) 


DEPRESSED 


5 10 15 20 25 
PCWP(mmHg) 


Fig. 2. Left ventricular function in late phase of third-trimester 
normotensive pregnant patients. PCWP, Pulmonary capillary 
wedge pressure; LVSWI, left ventricular stroke work index. 


'. standard thermodilution technique with saline solution 
at 0° C (Cardiac output computer, American Edwards 
18055-A, Santa Ana, Calif.). Reported cardiac outputs 
represent the mean of three of five independent mea- 
surements with high and low values discarded. Central 


` pressures were measured.and recorded with a .10-. 


channel physiologic monitor-recorder (Hewlett Pack- 
ard 7785 B, Waltham, Mass.). Central pressures rep- 
resent the mean of three consecutive respiratory cycles 





as measured from the tracing. Monitors were re-zeroed 
in each position with transducer placement at the level 
of the left atrium confirmed by simultaneous real- 
time maternal echocardiography. Studies were re- 
peated in each patient between 11 and 13 weeks post 
partum. j 

Statistical analysis was performed with a paired two- 


tailed Student ¢ test. 


-’ Results 


'' Table II presents the mean hemodynamic profiles 
. for patients between 36 and 38 weeks’ gestation and at 


11 to 13 weeks post partum. We found the late phase 
of the third trimester to be associated with a 43% in- 
crease in cardiac output (4.3-+ 0.9 L/min to 6.2 + 1.0, 
L/min), a 17% increase in pulse (71 + 10.0 beats/min 
to 83 + 10.0 beats/min), a'21% decline in systemic 
vascular resistance (1530 + 520 dyne-cm-sec™* to 
1210 + 266 dyne-cm -sec-*), a 34% decline in pul- 


5 


monary vascular resistance (119 + 47 dyne-cm - sec” 


to 78 + 29 dyne.cm-sec™*), a 14% decline in colloid 


oncotic pressure (20.8 + 1.0mm Hg to 18.0 + 1.5mm 
Hg), and a 28% decline in colloid oncotic pressure— 
pulmonary capillary wedge pressure gradient (14.5 + 
2.5mm Hg to 10.5 + 2:7 mm Hg) (p < 0.05) (Fig. 1). 
There was no significant change between nonpregnant 
and third-trimester values with respect to, mean ar- 
terial pressure, central venous pressure, pulmonary 


‘capillary wedge pressure, or left ventricular stroke 


work index. 
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Table I. Study inclusion criteria 





. Primiparous 

. Maternal age < 26 years 

. Singleton vertex fetus 

. Gestational age between 36 and 38 weeks confirmed 
by ultrasonography 

. No fetal intrauterine growth retardation or anomalies 

Normal amniotic fuid volume 

. Normal maternal weight for height 

. Normal maternal hematocrit 

. No maternal alcohol, tobacco, or drug use 

. No maternal hypertension, medical illness, or medi- 
cations 


He CORD ee 


DONDU 


— 


Comment 


More than 30 years ago Bader et al.”* first described 
the hemodynamic profile of pregnant patients. Their 
study design differed from ours in several respects. 
First, there was no control for age, parity, smoking, 
maternal hematocrit, or obesity. Fetal age and appro- 
priate growth were not documented. Further, 4 of 11 
patients studied in the late third trimester had a mean 
arterial pressure =105 mm Hg. Cardiac output was 
assessed with the Fick principle. In subsequent studies 
by Ueland et al.'** central hemodynamic assessment 
was limited to measurement of central venous pressure, 
and cardiac output was assessed with a dye-dilution 
technique rarely used in clinical practice today. Thus, 
in these studies, patient populations were not strictly 
controlled and hemodynamic assessment was per- 
formed with older techniques not suitable for direct 
comparison with critically ill obstetric patients managed 
with pulmonary artery catheterization and thermodi- 
lution cardiac output assessment. 

In the past decade numerous reports have appeared 
in the medical literature that document the central he- 
modynamic profiles of pregnant patients with a variety 
of pathologic conditions including pregnancy-induced 
hypertension, structural cardiac disease, amniotic fluid 
embolism, and septic shock.'" Proper interpretation of 
such data is predicated upon knowledge of normal 
values. In the absence of such data, investigators here- 
tofore have been forced to make assumptions with re- 
gard to what is normal on the basis of either the earlier 
studies with their methodologic limitations or data col- 
lected in nonpregnant subjects. We sought to correct 
this deficiency by designing a study that involved care- 
fully screened normal pregnant patients and current 
clinical techniques with each patient serving as her own 
control during the postpartum period. 

We documented a mean rise in cardiac output of 48% 
by the late phase of the third trimester in the lateral 
recumbent position (p < 0.05), as a result of significant 
changes in pulse (17%) and stroke volume (27%), the 
latter secondary to a previously documented increase 
in intravascular volume during pregnancy." Both fig- 
ures are in general agreement with measurements ob- 
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Table II. Central hemodynamic changes 


Nonpregnant Pregnant 


Cardiac output (L/min) 4.3 + 0.9 6.2 + 1.0 

Heart rate (beats/min) 71+ 10.0 83 + 10.0 

Systemic vascular resistance 1530+ 520 1210 + 266 
(dyne - cm - sec~>) 

Pulmonary vascular resis- 119 + 47.0 78 + 22 


tance (dyne > cm > sec~*) 


Colloid oncotic pressure 20.8 + 1.0 180+ 15 
(mm Hg) 
Colloid oncotic pressure— 14.5 + 2.5 10.5 + 2.7 


pulmonary capillary 
wedge pressure (mm Hg) 
Mean arterial pressure 
(mm Hg) 
Pulmonary capillary wedge 
pressure (mm Hg) 


86.4 + 7.5 90.3 + 5.8 


6.3 + 2.1 75+ 18 


Central venous pressure 3.7 + 2.6 3.6 + 2.5 
(mm Hg) 
Left ventricular stroke 41 +8 48 + 6 


work index (g-m- m~’) 





tained by other techniques.'* '* We observed a signifi- 
cant fall in systemic vascular resistance (21%) and a 
more dramatic decrease in pulmonary vascular resis- 
tance (34%) (p < 0.05). Changes in pulmonarv vascular 
resistance in pregnancy have not previously been de- 
scribed. Such alterations are not surprising and dem- 
onstrate increased vascular reactivity in the pulmonary 
circulation. In contrast, we documented no significant 
difference in intrinsic left ventricular contractility as 
assessed by left ventricular stroke work index. Such 
contractility when corrected for potential differences 
in Starling forces is assessed by the ratio left ventricular 
stroke work index/pulmonary capillary wedge pressure 
(Fig. 2). Thus normal pregnancy is not associated with 
hyperdynamic left ventricular function. These results 
confirm earlier observations obtained with noninvasive 
techniques. '® 

In general, a higher stroke volume (ventricular end- 
diastolic volume) should be reflected in a higher end- 
diastolic pressure; this assumption is implicit in the clin- 
ical use of the pulmonary capillary wedge pressure as 
an approximation to left ventricular end-diastolic vol- 
ume. However, no increase in pulmonary capillary 
wedge pressure was found during pregnancy, as com- 
pared with the nonpregnant state. The explanation for 
this apparent paradox is ventricular dilatation, which 
accounts for the well-known increase in cardiac silhou- 
ette seen on x-ray film of the chest during pregnancy. 
The failure of pulmonary capillary wedge pressure or 
central venous pressure to increase in pregnant patients 
in the face of marked increases in intravascular volume 
also reflects the decreases in systemic vascular resistance 
and pulmonary vascular resistance, which allow both 
systemic and pulmonary vasculature to accommodate 
higher volumes at normal vascular pressures. 

A pregnancy-associated fall in colloid oncotic pres- 
sure has previously been documented, and was con- 
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firmed by this study. Our documentation of a significant 
fall in the colloid oncotic pressure~pulmonary capillary 
wedge pressure gr adient implies a greater propensity 
to pulmonary edema during pregnancy in the presence 
of any alteration in pulmonary capillary permeability 
or increase in cardiac preload. ' 

The establishment for the first. time of central he- 
modynamic parameéters in the nor mal term primigravid 
patient has important research and clinical implica- 
tions. It is anticipated that such information mav fa- 
cilitate the management of critically ill pr egnant pa- 
tients. 
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The central hemodynamics of severe preeclampsia 


William C. Mabie, MD, Thomas E. Ratts, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


Swan-Ganz hemodynamic monitoring in 49 antepartum patients with severe preeclampsia revealed a 
variable hemodynamic profile. The majority of patients had normal left ventricular filling pressure l 

(8.4 + 0.2 mm Hg), normal to high cardiac index (4.4 + 0.1 L- min™' + m°), and upper normal to 
moderately elevated systemic vascular resistance (1226 + 37 dynes : sec : cm~"), Eight patients had 
pulmonary edema and their findings included high wedge pressure (18 + 1 mm Hg), upper normal to high 
cardiac index (4.9 + 0.5 L- min™'- m°), and normal systemic vascular resistance (964 + 50 

dynes - sec - cm~). Left ventricular function was hyperdynamic in 73% of the 49 patients. Patients with 
chronic hypertension and superimposed preeclampsia were hemodynamically indistinguishable from 
patients with preeclampsia alone. We conclude that, in general, preeclampsia is a high cardiac output 
state associated with an inappropriately high peripheral resistance. The normal wedge and central venous 
pressures suggest central redistribution of intravascular volume if the generally accepted reports of 
decreased plasma volume in preeclampsia are correct. (AM J Osstet GYNECOL 1989;161:1443-8.) 


$ 
Key words: Preeclampsia, Swan-Ganz catheter, hemodynamic monitoring 


The cardiovascular hemodynamics of preeclampsia 
have been reported to range from a low-output, high- 
resistance state to a high-output, low-resistance state. 
Hankins et al.' reviewed the six published studies and 
classified them according to therapy before insertion 
of the Swan-Ganz catheter. In the group without ther- 
apy there was disagreement. Cotton et al.’ reported a 
high pulmonary capillary wedge pressure, high cardiac 
output, and minimally elevated systemic vascular resis- 
tance, whereas Groenendijk et al.* found a low pul- 
monary capillary wedge pressure, low cardiac output, 
and high systemic vascular resistance. In the group 
with fluid restrictions Benedetti et al.* found a normal 
pulmonary capillary wedge pressure, elevated car- 
diac output, and elevated systemic vascular resistance, 
whereas Hankins et al.' reported slightly different 
findings—a low pulmonary capillary wedge pressure, 
normal cardiac output, and elevated systemic vascular 
resistance. In the two studies in which there was liberal 
fluid administration, pulmonary capillary wedge pres- 
sure was normal to high, cardiac output was high, and 
systemic vascular resistance was normal to low in some 
patients.> ° 

Proposed explanations for the differences in the var- 
ious hemodynamic studies have included: (1) small 
number of patients in each series (usually =10), (2) 
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variable severity and duration of preeclampsia, (3) un- 
derlying medical problems such as cardiac or renal dis- 
ease, and (4) therapeutic interventions before invasive 
monitoring. In addition, the dynamic fluctuation of the 
cardiovascular system makes it difficult to control for 
all the variables that can affect hemodynamics (e.g., 
gestational age, labor, pain, anxiety, hydralazine, intra- 
venous fluids, analgesics, and anesthesia). 

As a practical point, patients are often transferred to 
a tertiary care center several hours after initial therapy 
has been started. In addition, the clinical diagnosis of 
preeclampsia is often suspect, particularly in patients 
remote from term when underlying renal disease is 
likely.’ In light of the heterogeneous circumstances un- 
der which these patients arrive at a referral center, we 
have assessed the hemodynamic profile of 49 patients 
first seen with severe preeclampsia. The purpose of our 
study was to determine whether there is a typical he- 
modynamic profile of patients with severe preeclampsia 
that requires delivery and to determine the frequency 
with which patients lie at the extremes of the hemo- 
dynamic spectrum. 


Patients and methods 


The study group consisted of 49 patients with severe 
preeclampsia who were managed at the E. H. Crump 
Women’s Hospital between January 1, 1986, and March 
1, 1988. The study was approved by the Institutional 
Review Board of the University of Tennessee, Mem- 
phis. A total of 38 patients had a clinical diagnosis of 
preeclampsia and 11 had a clinical diagnosis of chronic 
hypertension with superimposed preeclampsia. Crite- 
ria for entry to the study were (1) singleton pregnancy; 
(2) severe preeclampsia as evidenced by all three of the 
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Table I. Comparison of the hemodynamic profile of preeclamptic patients in this study versus the study 


of Cotton et al. 





Heart rate (beats/min) 

Systolic blood pressure (mm Hg) 

Diastolic blood pressure (mm Hg) 

Mean arterial pressure (mm Hg) 

Pulse pressure (mm Hg) 

Mean pulmonary artery pressure (mm Hg) 

Pulmonary capillary wedge pressure (mm Hg) 

Central venous pressure (mm Hg) 

Cardiac output (L/min) 

Cardiac index (L.+ min™! + m°) 

Stroke volume (ml)t 

Stroke index (ml + beat © m°) 

Systemic vascular resistance (dynes + sec - cm™~>)$ 
System vascular resistance index (dynes + sec + cm”? - m?) 
Pulmonary vascular resistance 

Pulmonary vascular resistance index (dynes * sec © cm~*) 
Right ventricular stroke work index (gm + m+ m°) 

Left ventricular stroke work index (gm + m - m°) 





*Eight patients with pulmonary edema were excluded. 
tIncluded two patients with florid pulmonary edema. 











Mabie et al. (n = 41)* Cotton et al. (n = 45)T 








Mean + SE 









Range Range 


Mean + SE. 


94 + 2 (65-122) 95 + 2 (69-129) 
175 +3 (132-219) 193 + 3 (150-236) 
106 + 2 (74-130) 110 +2 (65-140) 
130 + 2 (100-155) 138 +3 (97-171) 

70 42 (36-97) 8442 (48-112) 
15 = 0.5 (8-22) 1741 (8-34) 
8.3 + 0.3 (3-13) 10+1 (4-30) 
4.8 +04 (0-10) 441 (0-12) 
8.4 + 0.2 (6.0-12.1) 7.5 + 0.2 (4.4+10.6) 
4.4 + 0.1 (3.1-6.2) 4.14 0.1 (2.4-5.9) 
90 +2 (64-123) 792 (44-113) 
‘48 + | (33-65) 44+ | (24-65) 
1226 + 37 (852-1900) 1496 + 64 (716-2734) 
9993 + 65 (1637-3336) 2726 + 120 (1146-4996) 
65 + 3 (16-109) 7045 (29-170) 
Ql +7 (33-207) 127 +9 (43-304) 
10 + 0.5 (4-17) 8+ | (3-17) 
84 + 2 (55-117) B12 (51-122) 


+ Statistically significant differences in means between the two groups. 


Table II. Range of hemodynamic parameters 
in patients without pulmonary edema (n = 41) 


Pulmonary capillary wedge <6 6-12 >12 

pressure (mm Hg) 

Number (%) 3 (7) 36 (88) 2 15) 
Cardiac index <3 3-5 >5 

(L- min7!- m?) 

Number (%) 0(0) 33(80) 8 (20) - 
Systemic vascular resistance <800 800- > 1200 

(dynes ` sec > cm~?) 1200 

Number (%) 0 (0) 18 (44) 23:56) 





following: nondependent edema, diastolic blood bres- 
sure >110 mm Hg on two occasions 30 minutes apart, 
and 3+ to 4+ proteinuria by urine dipstick; and (3) a 
clinical decision to deliver. 

All patients received intravenous magnesium sulfate 
given as a 6 gm loading dose over 20 minutes followed 
by a constant infusion of 2 to 3 gm per hour. Intra- 
venous fluid consisted of 5% dextrose in lactated Ring- 
er’s solution adjusted to give a total fuid administration 
rate of 75 to 100 ml per hour. A total of 22 patients 
(45%) were in early labor, defined as cervical dilatation 
<4 cm, and 16 (33%) had received hydralazine within 
the preceding 7 hours (mean, 4.5 hours) before Swan- 
Ganz catheter insertion. ; 

After written informed consent was obtained, a 20 
gauge catheter (Arrow Corp.) was inserted into a radial 
artery for continuous blood pressure monitoring. After 


the administration of 25 to 50 mg of meperidine in- 
travenously and 2 to 3 ml of 1% lidocaine locally, an 
8.5F introducer (Arrow Corp.) was inserted into the 
right internal jugular vein. A 7.5F Swan-Ganz catheter 
(American Edwards Laboratories) was then positioned 
in the pulmonary artery and its location was docu- 
mented by pressure waveform and roentgenogram of 
the chest. Pressures were measured with disposable 
transducers (Gould Corp.) with zero reference at the 
midchest level. Patients were positioned supine with a 
wedge under the right hip to prevent aortocaval 
compression. Electrocardiogram, blood pressure, and 
pulmonary artery pressure were continuously moni- 
tored with a multichannel scope (Hewlett-Packard 
model 78532B). Measurements of pulmonary artery 
and wedge pressures were obtained at end expiration 
from a strip chart recorder (Hewlett-Packard model 
78572B). Cardiac output was measured by a thermo- 
dilution cardiac output computer (Hewlett-Packard 
model 78552A) with five (10 ml) injections of iced saline 
solution. The high and low values were discarded and 
the mean of the three remaining values was recorded. 
Hemodynamic measurements were made at least 30 
minutes after insertion of the catheter to allow the pa- 
tient to reach a steady state. The Swan-Ganz catheter 
was removed within 24 hours of insertion to decrease 
the risk of complications. The measured hemodynamic 
variables were heart rate, blood pressure, pulmonary 
artery pressure, pulmonary capillary wedge pres- 
sure, central venous pressure, and cardiac output. 
Computer-derived variables included cardiac index, 
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stroke volume and index, systemic vascular resistance 
and index, pulmonary vascular resistance and index, 
and left and right ventricular stroke work and indices. 
Values are reported as mean + SE unless otherwise 
stated. Data were analyzed by the Student unpaired 
t test with significance levels taken at p < 0.05. 


Results 


The mean maternal age was 23.6 + 1 years (range, 
15 to 38). The mean gravidity was 2.2 + 0.3 (range, | 
to 10) and the mean parity was 0.8 + 0.2 (range, 
0 to 6). The mean gestational age was 32.4 + 0.5 
weeks (range, 27 to 40). The mean birth weight was 
1700 + 112 gm; 10 babies (20%) weighed <1000 gm. 
Nine babies (18.4%) were growth-retarded. 

A total of 30 patients (61%) were black. Four patients 
(8%) had eclampsia and eight patients (16%) had pul- 
monary edema. There were 27 patients (55%) who were 
maternal transfers from outside hospitals. A total of 41 
(84%) were delivered of infants by cesarean section. 

Abnormal laboratory values in the 49 study patients 
on admission were as follows: hematocrit <33% in 11 
patients, serum creatinine >1.0 mg/dl in 12 patients, 
serum uric acid >6.0 mg/dl in 37 patients, serum al- 
anine aminotransferase >40 U/L in 18 patients, serum 
albumin <3.2 gm/d] in 30 patients, and 24-hour urine 
protein >5 gm in 16 patients. 

The eight patients with pulmonary edema on ad- 
mission had clearly elevated pulmonary artery and 
wedge pressures and were therefore analyzed sepa- 
rately. When patients with pulmonary edema were ex- 
cluded there was no significant difference in any he- 
modynamic parameter between patients with pre- 
eclampsia and those with chronic hypertension and 
superimposed preeclampsia. The hemodynamic pa- 
rameters of the 41 patients without pulmonary edema 
are shown in Table I. 

Although the normal hemodynamic parameters for 
pregnancy have not been clearly established, we se- 
lected the following ranges of normal on the basis of 
the results of others**'°: (1) pulmonary capillary wedge 
pressure of 6 to 12 mm Hg, (2) cardiac index of 3 to 
5 L- min! - m?, and (3) systemic vascular resistance of 
800 to 1200 dynes : sec - cm~*. The number and per- 
centage distribution of the study population in each of 
the categories are shown in Table II. With the use of 
these parameters 88% of the patients had a normal left 
ventricular filling pressure with only 7% low and 5% 
high. A total of 80% of patients had a normal cardiac 
index and the remaining patients had a high cardiac 
index. Approximately one half the patients had a nor- 
mal systemic vascular resistance and the others had an 
elevated systemic vascular resistance. 

The hemodynamic findings in the eight patients with 
pulmonary edema are shown in Table III. All had el- 
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Table HI. Hemodynamic profile of the eight 
patients with pulmonary edema 


: Variable l Measurement 





Heart rate (beats/min) 106 + 5 

Mean arterial pressure (mm Hg) 136 + 3 

Mean pulmonary artery pressure 27 + 2 
(mm Hg) 

Pulmonary capillary wedge pres- 18 + 1 
sure (mm Hg) 

Central venous pressure (mm Hg) Lc} 

Cardiac output (L/min) 10.5 + 0.6 

Cardiac index (L« min~! + m°?) 4.9 + 0.5 

Stroke volume (ml) 97 +7 

Systemic vascular resistance 964 + 50 
(dynes - sec : cm~°) 

Pulmonary vascular resistance 71+9 
(dynes > sec - cm `") 


Left ventricular stroke work index 87 + 10 
(gm +m: m’) . 





Values are mean + SD. 


evated wedge pressures, one half had normal and one 
half had elevated cardiac indices, and all had normal 
or low systemic vascular resistance. They were a 
heterogeneous group. Four were obese multiparous 
women over 30 years of age with chronic hypertension 
and superimposed preeclampsia whose pulmonary 
edema was multifactorial. These factors included left 
ventricular dilatation and hypertrophy, diastolic dys- 
function as a result of impaired ventricular relaxation, 
and volume overload because of salt and water reten- 
tion during the last weeks of pregnancy. A fifth patient 
was similar but also had echocardiographic evidence of 
systolic dysfunction. The sixth patient was a 17-year- 
old primigravida with worsening preeclampsia man- 
aged with escalating dosages of methyldopa and hy- 
dralazine in an outside hospital. The other two patients 
had been given copious amounts of fluid and blood 
because of oliguria during labor. 

Ventricular function as shown by the Starling plot of 
stroke work index versus pulmonary capillary wedge 
pressure in Fig. 1 was shifted upward and to the left, 
illustrating hyperdynamic function in 73% of the pa- 
tients. In the subjects with pulmonary edema, function 
was normal in four, hyperdynamic in three, and de- 
pressed in the one subject who had echocardiographic 
evidence of systolic dysfunction. 

Because our population was heterogeneous, we ex- 
amined the hemodynamic variables in specific subsets. 
Sixteen patients treated with hydralazine were com- 
pared with 33 untreated patients. No differences in 
hemodynamics were found. Twenty-two patients in the 
latent phase of labor were compared to 27 patients 
not in labor. Small differences were found in heart 
rate (101 + 2 versus 91 + 3 beats/min, respectively, 
p < 0.1) and cardiac index (4.9 + 0.2 versus 4.2 + 0.1 


L+min7'- m’, p < 0.01). Similar comparisons between 
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Table IV. Comparison of the hemodynamic profile of preeclamptic patients in this study versus the study 


of Wallenburg et al. 








Variable 


Heart rate (beats/min) 

Mean arterial pressure (mm Hg) 

Mean pulmonary artery pressure (mm Hg) 
Pulmonary capillary wedge pressure (mm Hg) 
Central venous pressure (mm Hg) 


Cardiac index (L.- min7! + m°) 


Stroke index (ml : beat + m°) 
System vascular resistance index (dynes « sec - cm7*+ m?) 
Pulmonary vascular resistance index (dynes > sec > cm7*) 





patients received in transfer and those directly admit- 
ted did not reveal differences in hemodynamics. Last, 


we examined a subset of 15 patients from the group 


of 41 patients without pulmonary edema. The patients 
were nulliparous, not in labor, without preexisting hy- 
pertension, cardiac. or renal disease, and had not re- 
ceived therapy other than magnesium sulfate and small 
amounts of intravenous fluid. Their heart rates (87 + 3 
versus 98 + 2 beats/min, p < 0.01) and cardiac incices 
(4.1 + 0.1 versus 4.7 + 0.1 L: min™' m’, p< ¢.05) 
were slightly but significantly lower than those of the 
remaining 26 patients. However, there were no dif- 
ferences in their filling pressures (8.9 + 0.6 versus 
7.9 + 0.4 mm Hg). 


Comment 


The results of this study demonstrate a spectrum of 
hemodynamic alterations in severe preeclampsia with 
the majority of patients having a normal pulmonary 
capillary wedge pressure, high cardiac output, and nor- 
mal to moderately elevated systemic vascular resistance. 
These findings correlate with the physical examination 
of the patients who usually had tachycardia, bounding 
pulses, wide pulse pressure, a hyperdynamic precor- 


dium, systolic fow murmur, and warm extremities. The 


hemodynamics of patients with antecedent hyperten- 
sion were similar ta patients without prior hyperten- 
sion. This observation has been reported by others." 
There was significant variability in the cardiac output, 
ranging from 6.0 to 12.1 L/min (3.1 to 6.2 L: m7! m? 
index), The most surprising finding in this study was 
the normal pulmonary capillary wedge pressure, with 
only three patients with a low pulmonary capi_lary 
wedge pressure, Central venous pressure was also nor- 
mal or increased in all subjects (normal ranging from 
9 to 8 mm Hg).'*" 

One potentially confounding variable in our sudy 
was fluid administration before insertion of the Swan- 
Ganz catheter. Because 55% of our patients were re- 

. ferred, it was difficult to ascertain fluid intake in them. 









Mabie et al. 
(n = 15) 


Wallenburg et al. 
m= 44) 













Range 





88 65-110 50 60-130 
126 100-150 120 95-143 
16 8-22 9 3-18 
8 3-13 4 0-13 

5 0-10 1 ~2ta6 
4.1 3.1-5.2 3 2.0-4.7 
45 33-55 35 20-57 
2416 1660-3310 2970 2100-4585 
122 62-207 82 25-133 





We examined 34 patients in whom all intravenous fluid 
intake could be documented. The mean intake was 
741 + 760 ml (mean + SD) over 10.1 + 11.4 hours. 
We also correlated cardiac output with fluid intake for 
these patients and found no correlation (r = ~—0.12, 
p = 0.51). These observations suggest that, in the ma- 
jority of patients, fluid administration was not excessive. 

The patients with pulmonary edema were a heter- 
ogeneous group. They were clearly volume overloaded 
with high filling pressures and normal to high outputs. 
Five had preexisting hypertension and had underlying 
left ventricular hypertrophy with impaired relaxation 
and marked volume overload. Only one patient had 
evidence of decreased systolic function of unknown 
cause. Three patients had iatrogenic pulmonary edema 
principally as a result of fluid overload. All the patients 
improved dramatically with diuresis. 

Cotton and his colleagues! have reported their re- 
sults with regard to 45 preeclamptic patients in whom 
the initial hemodynamic measurements were obtained 
before any intervention other than magnesium sulfate 
and minimal intravenous fluids. Their results and ours 
are quite similar (Table I). The main differences are 
that our patients had lower systolic blood pressure and 
systemic vascular resistance with higher cardiac output. 
The differences may be related to intravenous meper- 
idine given before insertion of the Swan-Ganz catheter 
in our patients. Together these studies which involve 
94 subjects, allow a consensus view to emerge with re- 
gard to the hemodynamics of severe preeclampsia. 
Namely, that there is a variable hemodynamic profile 
with relatively high cardiac outputs and normal filling 
pressures, which reflect the volume loading of the cir- 
culation during pregnancy with inappropriately high 
systemic vascular resistance superimposed, resulting in 
hypertension. This variability is not surprising in that 
a spectrum of cardiac outputs and peripheral resistance 
is found in virtually every other type of experimental 
and naturally occurring hypertension.'* ® The mech- 
anisms for the varied hemodynamics in hypertension 
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result from the complex interaction of multiple vari- 
ables (cardiac output, total peripheral resistance, blood 
volume, central nervous system integration, and au- 
tonomic tone) and remain poorly defined.'® The failure 
of the circulation to dilate in the setting of increasing 
cardiac output appears to be a characteristic feature of 
preeclampsia. Because resistance is calculated from the 
mean arterial pressure divided by the output, in a high 
output state the calculation results in a normal or even 
low resistance despite the elevated blood pressure. 

Our results and those of Cotton et al.'' contrast 
with the data reported from The Netherlands by 
Wallenburg" (Table IV). He found a variable pattern 
with a trend toward a low pulmonary capillary wedge 
pressure, low cardiac output, and high systemic vas- 
cular resistance in 44 untreated nulliparous, pre- 
eclamptic patients, whereas a wide range of hemody- 
namics was found in 22 patients who had received var- 
ious therapies and were usually referred. He concluded 
that the untreated patient was significantly volume de- 
pleted and that the wide spectrum of hemodynamic 
findings present in the treated group resulted from 
prior therapy and the presence of other variables such 
as labor, multiparity, and preexisting hypertension. 
However, 15% or more of his untreated group had 
wedge pressures >8 mm Hg, which suggests a normal 
central blood volume. In emphasizing the predominant 
pattern of reduced filling pressures he minimized the 
variable hemodynamic presentations. 

In an effort to obtain a population similar to Wal- 
lenburg’s untreated group, we found 15 patients who 
were nulliparous, not in labor, had not received anti- 
hypertensives, and did not have a history or evidence 
of preexisting hypertension, heart, or renal disease. 
They had received magnesium sulfate and some intra- 
venous fluids before invasive monitoring. Except for 
the slightly lower heart rates and outputs, the param- 
eters of these 15 patients were not significantly differ- 
ent from those of the remaining 26 without pulmonary 
edema. The hemodynamic parameters of the 15 pa- 
tients are listed in Table IV with each parameter pre- 
sented as median and range in the manner of Wallen- 
berg’s data to allow comparison. Our patients tended 
to have high central pressures, higher outputs, and 
lower systemic resistances more frequently than did 
those of Wallenberg, but the range of values were 
similar. ; 

Studies of plasma volume in preeclamptic patients 
have shown a 5% to 29% reduction in plasma volume 
with a mean reduction of 9%." Whereas patients with 
preeclampsia may have reduced plasma and intravas- 
cular volume, the central blood volume as evidenced 
by central venous pressure and pulmonary capillary 
wedge pressure is usually normal, which suggests that 
the vascular capacitance is also reduced. Unfortunately, 
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Fig. 1. Left ventricular function curve of left ventricular 
stroke work index (LVSW/) plotted against pulmonary capil- 
lary wedge pressure (PCWP) in 49 patients with severe pre- 
eclampsia. Solid circles, No pulmonary edema; open circles, 
eight patients with pulmonary edema. 


venoconstriction cannot be easily and accurately as- 
sessed clinically. The immediate result of venoconstric- 


` tion is to shift blood volume centrally from the splanch- 


nic bed, which results in an increase in filling pressure. '* 
With continued venoconstriction there is increased 
transudation of fluid with a decrease in plasma and 
intravascular volume.'* '' What role venoconstriction 
plays in the spectrum of hemodynamic abnormalities 
found in preeclampsia remains to be determined. 
Splanchnic venoconstriction and central relocation of 
intravascular volume also have been observed in other 
etiologic types of hypertension.'* From a therapeutic 
and practical point of view, many of these patients 
behave as if they are venoconstricted and are quite 
susceptible to circulatory congestion and pulmonary 
edema with fluid administration. 

Our study was not designed to determine the best 
treatment of preeclampsia. The normal pulmonary 
capillary wedge pressure with normal to elevated car- 
diac output would imply that neither volume expansion 
nor diuretic therapy is generally indicated. The find- 
ings support the currently used minimal intervention 
approach of bed rest, magnesium sulfate, and delivery. 
Attention to fluid balance with input minimally ex- 
ceeding output can prevent circulatory congestion, es- 
pecially in patients with left ventricular hypertrophy or 
chronic renal disease. Most patients with severe pre- 
eclampsia can be managed without a Swan-Ganz cath- 
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eter; however, in certain circumstances hemodynamic 
monitoring is potentially useful, namely, in sorting out 
cardiogenic from noncardiogenic pulmonary edema, in 
management of massive hemorrhage or refractory hy- 
pertension, and in induction of epidural anesthesia for 
cesarean section. 

In summary, we have studied the hemodynamics of 
49 subjects with severe preeclampsia at a large referral 
center. Despite a heterogeneous population of referred 
and nonreferred patients, pretreated and nonpre- 


treated patients, a generally consistent profile emerged. 


A normal left ventricular filling pressure was present 
in 88%. A normal to high cardiac output for pregnancy 
was found with elevated resistances in one half the pa- 
tients and normal resistances were found in the others. 
The normal resistances reflected higher cardiac out- 
puts. Our patient population and results are similar to 
those of Cotton et al. and support the conclusion that, 
in general, preeclampsia is a normal to high output 
state with an inappropriately increased systemic resis- 
tance, which results in hypertension. The patients with 
pulmonary edema had either underlying heart disease 
or iatrogenic fluid overload. Even in patients in whom 
fluid administration was minimal, filling pressures were 
not low. 

Our study was not designed to test the hypozhesis 
that preeclampsia is a volume contracted state, but 
rather we wished to determine the central hemody- 
namics of patients with preeclampsia seen at a tertiary 
referral center. Because of the normal filling pressures 
in most and the propensity of pulmonary congestion 
to develop with fluid administration, we recommend 
fluid administration not to exceed output with empha- 
sis on current minimal intervention and early delivery. 
We hope that our study provides insight for future 
studies of the treatment of preeclampsia. 
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Cardiovascular changes in early phase of pregnancy 


Eleanor L. Capeless, MD, and James F. Clapp, MD 
Burlington, Vermont 


To assess the magnitude and timing of cardiovascular changes in pregnancy, eight subjects were serially 
studied before conception and at 8, 16, and 24 weeks’ gestation. With the use of M-mode 
echocardiography, cardiac output, ejection fraction, stroke volume, and end-diastolic volume were 
calculated from left ventricular dimensions with subjects in the left lateral position. Systemic vascular 
resistance was calculated with the use of cardiac output and simultaneously obtained measurements of 
arterial pressure. Cardiac output increased 1 L/min at 8 weeks’ gestation, which represented >50% of the 
total change seen. Cardiac output increased primarily because of stroke volume rather than heart rate. 

By 8 weeks’ gestation, systemic vascular resistance had fallen to 70% of its preconceptional value. 

Thus when subjects are studied before conception and during the early phase of pregnancy, the majority 
of the pregnancy-induced changes in these parameters occur during the embryonic period. (Am J OBSTET 


GYNECOL 1989;161:1449-53.) 
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The cardiovascular system undergoes profound al- 
terations during pregnancy. Although the changes in 
cardiac output, heart rate, and systemic vascular resis- 
tance have been well characterized during the latter 
two thirds of pregnancy,'” the timing and magnitude 
of these changes during the first trimester remain un- 
known. In addition, the changes observed during preg- 
nancy have traditionally been compared with postpar- 
tum values, but it has not been established when or 
whether cardiovascular function returns to its precon- 
ceptional state. Because measurements were not ob- 
tained before pregnancy, previous studies may have 
underestimated the magnitude of the changes seen in 
pregnancy. 

Our previous observations that basal morning heart 
rate was significantly elevated at the time of missed 
menses in a group of recreational runners® led us to 
investigate early cardiovascular changes in the first 
trimester. The purpose of this study was to document 
the magnitude and timing of changes in cardiac output, 
stroke volume, heart rate, mean arterial pressure, and 
systemic vascular resistance. We hypothesized that the 
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Table I. Study population 


Age (yr) 30.8 25-36 
Parity 0,4 0-1 
Maximum oxygen consumption (ml/kg) 46.9 41.7-56.8 
Body fat (%) 17.5 11.7-28.4 





majority of the changes seen in these parameters occur 
in the first 8 weeks after conception (embryonic period). 
A longitudinal serial study design in which each subject 
was studied before conception was used so that com- 
parisons could be based on each subject’s preconcep- 
tional baseline. 


Material and methods 


Subjects were enrolled before conception and had 
accurately dated singleton pregnancies. All subjects had 
positive B—human chorionic gonadotropin determi- 
nations within 48 hours of missed menses and an ul- 
trasound examination at 5% weeks after conception. 
Pregnancy evaluations were scheduled serially 6 to 8, 
14 to 16, and 22 to 24 weeks after conception, These 
study periods will be referred to as 8, 16, and 24 weeks’ 
gestation. All subjects were initially evaluated within 3 
months before conception. All subjects were nonsmok- 
ing physically active women with no history of heart 
disease. Demographic data on age, parity, fitness, and 
body composition before pregnancy are presented in 
Table I. 

All studies were preceded by an initial 15-minute 
accommodation to the laboratory environment. At this 
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` Before 
pregnancy 


8 weeks’ 
gestation 





Heart rate (beats/min) 


End-diastolic volume (ml) 


Stroke volume (ml) 65 +5 79+5 
Ejection fraction (%) 61 +2 64+ 2 
Cardiac output (L/min) 4.2 + 0.4 5.2 + 0.3 
Mean arterial pressure (mm Hg) 69 + 3 624+ 4 
Systemic vascular resistance 1376 + 143 969 + 76 


(dynes « sec + cm~’) 


Data presented are mean + SEM. 


time a heart rate monitor and blood pressure cuff were 
placed and the subject assumed a comfortable left lat- 
eral position. Blood pressure was measured every 2 
minutes with a mercury manometer that was zeroed at 
the level of the subject’s left ventricle. M-mode echo- 
cardiography was performed with the GE 3600 ultra- 
sound machine with a 3.5 MHz transducer. The left 
parasternal window was used to obtain the long axis 
view of the heart, which with real-time scanning visu- 
alizes the left ventricle, mitral, and aortic valves. The 

` M-mode beam was then positioned just below the tips 
of the mitral valve leaflets. Measurements of the end- 
systolic and end-diastolic dimensions were made in ac- 
cordance with the guidelines published by the Ameri- 
can Society of Echocardiography.’ An additional 5 min- 
utes of imaging preceded the initial measurements in 
an effort to further accommodate the subject to the 
study. Heart rate was directly measured during the in- 
tervals in which cardiac output was determined. Three 
or more separate sets of measurements were obtained 
over 15 minutes with each set measuring three to four 
cardiac cycles. Thus the values obtained represent the 
average of 9 to 12 separate cardiac cycles interspersed 
throughout the respiratory cycle. Over the 15-minute 
study period, the variability of each set of measure- 
ments from the mean cardiac output value averaged 
6% with a range from 2% to 17%. In 88% of the studies 
the variability of successive measurements over the 15- 
minute study time was <10%. 

Left ventricular volumes were calculated from the 
end-diastolic dimension (EDD) and end-systolic dimen- 
sion (ESD) in accordance with the formula of Teichholz 
et al.'° for a modified prolate ellipsoid. This formula is 
as follows: 

1. End-systolic 
(ESD)*/2.4 + ESD 


[ESV (ml)] = 7x 


volume 





16 weeks’ 24 weeks’ 
gestation gestation Significance p Value 
7243 7343 Before pregnancy vs. 16 < 0.05 
Before pregnancy vs. 24 < 0.05 
125 + 8 126 + 8 Before pregnancy vs. 8 < 0.05 
Before pregnancy vs. 16 <0.01 
Before pregnancy vs. 24 < 0.001 
83 + 6 8145 Before pregnancy vs.8 < 0.02 
Before pregnancy vs. 16 < 0.001 
Before pregnancy vs. 24 < 0.001 
66 + 2 64 + 2 All time periods NS 
5.9+04 5.7+0.3 Before pregnancy vs. 8 < 0.01 
Before pregnancy vs. 16 <0.01 
Before pregnancy vs. 24 < 0.001 
69 + 2 67 + 4 Before pregnancy vs. 16 < 0.05 
926+ 68 930+ 82 Before pregnancy 8 < 0.05 
Before pregnancy 16 < 0.01 
Before pregnancy 24 < 0.01 
2. End-diastolic volume [EDV (ml)] = 7x 


(EDD)*/2.4 + EDD 
Standard equations were used to calculate the following 
functional parameters: 
1. Stroke volume [SV (ml)] = EDV — ESV 
2. Cardiac output [CO (ml/min)] = SV x heart rate 
3. Ejection fraction [EF (%)] = (SV/EDV) x 100 
4. Mean arterial pressure [MAP (mm Hg)] = 2 (di- 
astolic) + systolic/3 
5. Systemic vascular resistance [SVR dyne: sec: 
cmê] = 80 MAP/CO : 
Statistical analysis was performed with repeated mea- 
sures analysis of variance with the Bonferroni correc- 
tion for multiple comparisons. Significance was set at 
the 0.05 level. 


Results 


Eight subjects have completed all study periods. Car- 
diac output, end-diastolic volume, stroke volume, ejec- 
tion fraction, heart rate, MAP and systemic vascular 
resistance are presented in Table II. Stroke volume and 
heart rate as a function of weeks gestation are presented 
graphically in Fig. 1. Cardiac output and MAP as a 
function of gestational age are graphically shown in 
Fig. 2. 

Cardiac output increased 1 L/min by 8 weeks’ ges- 
tation. This represented a 22% change over precon- 
ception values and 57% of the total increase in cardiac 
output achieved by 24 weeks’ gestation. After 24 weeks’ 
gestation, the pattern seen in the subjects was variable 
and the group mean did not change significantly for 
the remainder of the pregnancy. Cardiac output is a 
function of both heart rate and stroke volume (Fig. 1). . 
The increase in stroke volume at 8 weeks’ gestation 
represented a 22% change over preconception values 
and 78% of the total increase observed by 24 weeks’ 
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Fig. 1. Stroke volume (filled circies) and heart rate (open circles) components of cardiac output are 


presented for four study periods. 


gestation. A statistically significant increase in heart rate 
did not occur until 16 weeks’ gestation. This increase 
represented a 11% change over preconception values 
and 87% of the total increase observed by 24 weeks’ 
gestation. End-diastolic volume had increased signifi- 
cantly by 8 weeks’ gestation and 65% of the total change 
had occurred by this time. There was no significant 
change in ejection fraction in any of the study periods. 

Systemic vascular resistance fell by 8 weeks’ gestation 
to 30% below preconception values. This early decrease 
represented 90% of the total change in systemic vas- 
cular resistance achieved by 24 weeks’ gestation. The 
components of systemic vascular resistance are pre- 
sented in Fig. 2. Although mean arterial pressure fell 
at 8 weeks’ gestation, the decrease was not statistically 
significant until 16 weeks’ gestation. 


Comment 


These data clearly support our original hypothesis 
that a majority of the pregnancy-induced changes in 
cardiac output and systemic vascular resistance occur 
during the embryonic period. The increase in cardiac 
output can be primarily attributed to an increase in 
stroke volume rather than in heart rate. The increase 
in stroke volume was related to an increase in end- 
diastolic volume as ejection fraction did not change over 
the study periods. Although we previously had shown 
that basal morning heart rate increased early in preg- 
nancy,* under the conditions of this experiment there 
was no significant change in heart rate documented. 

This is the first report of serial measurements of 
cardiac output that began before conception. Although 
the changes in heart rate, blood pressure, and cardiac 
output during pregnancy have been well documented 


both by dye dilution® *° and echocardiography," all 
previous longitudinal studies have started late in the 
first trimester and have used postpartum values (6 
weeks after delivery) to represent preconceptional val- 
ues. It has been assumed that the women’s body returns 
to its preconceptional state post partum. However, ev- 
idence is accumulating that this assumption may be 
incorrect. Hart et al.” have found that multiparous 
women have larger aortic diameters than those of pri- 
miparous women, which suggests that there are alter- 
ations that occur during pregnancy that do not revert 
to the prepregnant baseline. Breast-feeding because of 
its potential effects on plasma yolume,” may also influ- 
ence the rate at which women’s cardiovascular systems 
recover from the metabolic demands of pregnancy. 
Thus the effects of parity and breast-feeding may have 
significantly altered the nonpregnancy value. Likewise, 
our study represents a mixed populace of five nullip- 
arous and three multiparous women. Whereas signif- 
icant differences were not seen in our study, a larger 
study sample would be necessary to determine the long- 
term effects of parity and breast-feeding on the car- 
diovascular system. 

Our data are in agreement and compliment the work 
of others who characterized cardiovascular changes 
throughout the second and third trimester of preg- 
nancy. Although all previous reports documented the 
increase in cardiac output seen during pregnancy, there 
is disagreement with regard to the relative importance 
of stroke volume and heart rate in the initiation of this 
increase. Early serial studies by Walters et al, Lees 
et al, and Ueland et al.® that used dye dilution found 
that cardiac output was already elevated at the time of 
the first study. They found minimal or no increase in 
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Fig. 2. Cardiac output (filled circles) and mean arterial pressure 
(open circles) components of systemic vascular resistance are 
presented for four study periods. 


cardiac output after 20 to 24 weeks’ gestation. They 
demonstrated that the increase in cardiac output re- 
sulted from an increase in stroke volume rather than 
an increase in heart rate. Two echocardiographic stud- 
ies have serially evaluated cardiac function starting in 
the first trimester. Katz et al.’ serially studied 19 women 
throughout pregnancy. The first evaluation was at the 
end of the first trimester and a postpartum evaluation 
was obtained 6 to 12 weeks after delivery. Our findings 
agree with that of Katz, who found an increase in car- 
diac output that was a result of an increase in stroke 
volume, end-diastolic volume, and an increase in heart 
rate. Mashimi et al.* studied seven patients beginning 
at 11.4 weeks’ gestation and compared these values with 
those obtained 6 to 12 weeks post partum. In contrast 
with previous investigators, Mashimi concluded that the 
increases in cardiac output were attributable to changes 
in heart rate rather than in stroke volume. He failed 
to observe any change in stroke volume during preg- 
nancy, compared to the postpartum period. In our se- 
ries, approximately 75% of the increase in stroke vol- 
ume occurred by the end of the first trimester. There- 
fore, the relative contribution of stroke volume to the 
increase in cardiac output could be obscured by the use 
of the postpartum control value and the timing of the 
first study period. In addition, there may be different 
mechanisms operative early in pregnancy to increase 
cardiac output (end-diastolic volume), which are then 
augmented by others (heart rate) later in gestation. 
M-mode echocardiography is a noninvasive tech- 
nique to serially follow changes in cardiovascular pa- 
rameters.” The calculation of stroke volume with 
the Teichholz equation has been validated against 
angiography-derived stroke volume with a correlation 
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coefficient of r = 0,97.'° When the technique was com- 
pared with thermodilution cardiac output, the corre- 
lation coefficient was r = 0.86." Thus with a normally 
shaped ventricle and uniform contraction of the ven- 
tricular wall, the measurements obtained should ac- 
curately reflect left ventricular volumes." * During 
pregnancy the heart is known to change in shape and 
size and the M-mode technique has not been indepen- 
dently validated. Although the serial nature of this 
study minimizes the effects of individual variation, the 
absolute values for cardiac output obtained in this study 
should not be directly compared with other studies. 
However, these observations are valid to describe the 
relative magnitude and timing of cardiovascular 
changes during early pregnancy. 

The magnitude of the changes in cardiac output and 
systemic vascular resistance that occur in the first 
trimester are tremendous. The mediators of these 
changes are unknown. Longo has postulated that ma- 
ternal blood volume and cardiac output are hormonally 
controlled with steroidogenesis in the fetal compart- 
ment, which influences the maternal environment. The 
early onset of these changes favor a hormonal mech- 
anism but this may be primarily maternal in origin. The 
influence of the timing and magnitude of these changes 
on pregnancy outcome is unknown but represents an 
area of future study. 
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The effects of maternal exercise on early pregnancy outcome 


James F. Clapp II, MD 


Burlington, Vermont 


This study was designated to test the hypothesis that vigorous aerobic exercise during both the 
periconceptional period and early pregnancy increases the incidence of abnormal early pregnancy 
outcome. Exercise performance was prospectively monitored before and during pregnancy in 47 
recreational runners, 40 aerobic dancers, and 28 physically active, fit controls. Pregnancy was diagnosed 
by an early test for 8-subunit human chorionic gonadotropin and viability was’ confirmed by 
ultrasonography at 40 days’ conceptional age. Spontaneous abortion occurred in 19% of the pregnancies. 
The incidence was 17% in the runners, 18% in the aerobic dancers, and 25% in.the controls. At term, one 
congenital abnormality was detected in each of the three groups. Late pregnancy events, potentially 
related to abnormalities of placentation, were limited to two cases of mild pregnancy-induced hypertension. 


We conclude that, in physically fit women, continuation of these types of aerobic activity at intensities 
between 50% and 85% of maximum during the periconceptional period and early pregnancy does not 
appreciably alter early pregnancy outcome. (AM J Osster GyNecoL 1989;161:1453-7.) Š 


Key words: Pregnancy, exercise, abortion, congenital abnormality 


Both retrospective’ ” and prospective*® studies of 
abortion have documented that the incidence of spon- 
taneous loss is high. Reported frequencies range from 
as low as 7% to as high as 40% to 60%, depending on 
the timing and method of pregnancy detection. In stud- 
ies using standard clinical parameters alone, the overall 
incidence averages about 15% with distinct increases 
noted with advancing maternal age and previous early 
loss. Inclusion of B-subunit human chorionic gonado- 
tropin (B-hCG) testing produces a variable increase in 
the'rate by identifying subclinical losses. In general, the 
earlier the testing is done, the higher the detection rate 
and the reported incidence of spontaneous loss. 


From the Department of Obstetrics and Gynecology, University of 
Vermont College of Medicine. 

Supported in part by National Institutes of Health grants HD 21268 
and 11089 and March of Dimes Birth Defects Foundation grant 
6-434, 

Presented in part at the Thirty-sixth Annual Meeting of the Society 
For Gynecologic Investigation, San Diego, California, March 15- 
18, 1989. 

Reprint requests: James F. Clapp UI, MD, University of Vermont 
College of Medicine, Department of Obstetrics and Gynecology, 
Given Medical Building, Burlington, VT 05405-0058. 

6/6/16516 


Approximately one third of these losses are associ- 
ated with a chromosomal anomaly,’ and in selected 
cases specific environmental factors such as subcho- 
rionic hemorrhage® and defective luteal function? have 
been shown to play a role. The etiologic factors involved 
in the remainder are poorly understood but are felt to 
be primarily related to anomalous environmental cir- 
cumstance. The current study was designed to explore 
theoretical’? and epidemiologic" concerns that sug- 
gested that early wastage should be increased by the 
cardiovascular, thermal, and hormonal perturbations 
associated with intense physical activity in early preg- 
nancy.'*? Its specific goal was to prospectively test the 
hypothesis that continuing endurance types of recre- 
ational exercise in either the periconceptional period 
or early pregnancy, or both, increase the incidence of 
abnormal early pregnancy outcome. 


Material and methods 


A total of 119 women were studied prospectively for 
several cycles before conception and then for six ad- 
ditional cycles or throughout subsequent pregnancy. 
Written informed consent was obtained from each sub- 
ject before enrollment. All subjects worked outside the 
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Table I: Group characteristics 





Parameter Runners 
No. "49 
Age (yr) 313 
Nulligravid (%) 51 
Primigravid (%) 31 
Secundigravid (%) 18 
Prior abortion (%) 16 
Weight (kg) 58+ 7 
Body fat (%) 7+4 
Vos max (ml/ kg/min) 5447 
Duration-inténsity in- 14,416 + 357 


dex before preg- 
nancy . 


Numeric data presented as mean + SD. 


home, had physically active life-styles, and, on the basis 
of education and income, were either upper-middle or 
upper socioeconomic class. All obtained routine ob- 
stetric care through’ private obstetricians not directly 
involved in the study. The mean age (+ SD) was 31 + 3 
years with a range of 25 to 38 years. All were white 
and in excellent general health. The only historic ob- 
stetric risk factor identified was a history of previous 
spontaneous abortion in 12 (10%) of the subjects. Sixty 
(50%) were nulligravid, 37 (31%) were primigravid, 
and 22 (19%) were secundigravid at the time of en- 
rollment. 
` Ninety women had been either running or aerobic 
dancing for at least 2 years on a regular basis (three 
. timés per week or more) for 4. minimum of 20 minutes 
each session at a documented intensity that exceeded 
50% of their measured maximum capacity. Forty-nine 
were recreational runners and 41 were aerobic dancers. 
Twenty-nine physically active, intermittently athletic 
women matched for age, weight, percent body fat, and 
multiple life-style factors served as a control populace. 
Each control stopped all forms of endurance exercise 
before attempting conception and did not resume these 
types of physical activity until after the pregnancy. 
In.the two exercise groups daily exercise perfor- 
thance was recorded in the field for a minimum of 2 
months before conception and throughout the subse- 
quent pregnancy or for an additional six menstrual 
cycles. The method used to quantitate performance was 
based on that used to assess both training effect and 
energy expenditure in the field?" Briefly, each subject 
used a portable electrocardiogram. telemetry system 
with memory capability to measure heart rate and the 
duration of exercise that was recorded at the end of 
each exercise session in an exercise log. In addition, 
the relationship between heart rate and exercise inten- 
sity (percent of the predetermined maximum oxygen 
consumption) was determined during graded exercise 
before conception and every 8 weeks during preg- 
nancy. This information was used to convert the av- 
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Aerobic 
dancers 


Controls 
4l 29 
3143 81+ 3 
51 48 
34 28 
15 24 
oO... f © 14 
58 + 6 ' 597 
184 20 +5 
53+ 8- 51 +8 
12,341 + 313 3,306 + 986 


erage heart rate during each run to exercise intensity. 
The product of exercise intensity and the duration of 
the exercise was averaged weekly and expressed as a 
duration-intensity index, which was used as the objec- 
tive measure of each individual's time-specific exercise 
performance." To allow valid comparison between sub- 
jects, the duration-interisity index was norrnalized and 
expressed as a percentage of each individual's average 
exercise performance over the initial 6 weeks of par- 
ticipation. 

Maximal oxygen corisumption was determined twice 
before conception in the initial 20 subjects using a 
constant-speed, progressive-grade, modified Astrand 
treadmill protocol.” There was no evidence of direc- 
tionality with repeated testing and all second test values 
were within +5% of the initial result. Theréfore max- 
imal oxygen consumption was determined only once in 
those that followed. Percerit body fat was deter- 
mined by both hydrodensitometry'® and six-site skin- 
fold thicknesses” in the first 50 subjects. As the mean 
difference between the two methods was + 1.3% with 
a standard error of + 0.9%, only six-site skinfolds were 
used in the remainder. 

Each subject had conception confirmed by B-hCG 
assay within 48 hours of missed menses and its viability 
was documented ultrasonographically between the for- 
tieth and forty-fourth postconceptional day. Bleeding 
was followed by serial B-hCG assay and one or more 
ultrasonographic evaluations. At the time of abortion 
all tissue was examined histologically and, if viability 
had been: recently confirmed, chromosomal analysis 
was performed. The course of pregnancy, labor, arid 
delivery was independently monitored by study per- 
sonnel, arid all placentas and offspring were carefully 
examined for evidence of anomalies at the time of de- 
livery. A subject was judged “infertile” if conception 
could not be documented during the initial six cycles 
of unprotected intercourse. 

The three groups were divided into those who ex- 
perienced spontaneous abortion and those who were 
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delivered at term. Within each group, differences in 
age, history of abortion, gravidity, and exercise per- 
formance were sought between those who aborted and 
those who did not with an unpaired Student ¢ test. In 
addition, exercise performance, quantitated as the nor- 
malized duration-intensity index over various time in- 
tervals (the 2 weeks before conception, the first and 
second lunar months of pregnancy), was examined to 
see if there was a specific time in the periconceptional 
period when exercise performance differed in those 
who did and did not experience early wastage. Then, 
as the data were virtually identical in the two exercise 
groups, they were combined and compared with those 
of the control group, using the x? statistic with Yates’ 
correction, to detect any differences in the incidence 
of four objective indices of abnormal early pregnancy 
outcome. They included failure to conceive within 6 
months, spontaneous abortion, gross congenital ab- 
normality, and a clinical outcome suggesting anoma- 
lous placentation (specifically ectopic pregnancy, pla- 
centa previa, abruptio placentae, preterm labor, and 
pregnancy-induced hypertension). As no real differ- 
ences were found, a similar comparison was done with 
the accepted incidence of these outcomes in an overall 
‘obstetric populace in an attempt to avoid the possibility 
of missing a small but significant difference as a result 
of our sample size (type II interpretive error). 


Results 


As detailed in Table I, there were no significant dif- 
ferences between the three groups in age, gravidity, 
preconceptional weight, percent body fat, or maximal 
oxygen consumption. The relatively low mean percent 
body fat (populace norms generally are considered to 
have a normal range of 22% to 28%) and high mean 
maximum oxygen consumption (populace 90th per- 
centile in the range of 45 ml/kg/min) in the three 
groups indicate that all subjects were quite fit and in 
that respect are probably not representative of the ob- 
stetric populace at large. 

The only significant between-group differences were 
a history of previous spontaneous abortion and exercise 
performance before pregnancy. Approximately 15% of 
the recreational runners and controls had experienced 
a prior early loss while none of the aerobic dancers had 
done so. 

The level of preconceptional exercise performance, 
as assessed by the duration-intensity index, was quite 
varied both between and within groups. Both exercise 
groups had a mean level of exercise performance that 
was approximately fourfold that noted in the control 
group with the runners performing ata level some 17% 
above that observed in the aerobic dancers. The rec- 
reational runners ran an average of 22 miles a week 
(range 12 to 55), at an average pace of 8 min/mile 
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Table II. Spontaneous abortions 


Aerobic 
Parameter Runners dancers 


Controls 
No . 8/49 7139 7/28 
Percentage 17 18 25 
Pos. B-hCG only 1 2 1 
Blighted ovum 6 3 4 
Viable embryo 1) 2 2 


(range 6 minutes 30 seconds to 9 minutes 50 seconds) 
and at a mean intensity equal to 68% of maximum 
capacity range (52% to 83%). The average time devoted 
by any individual to exercise each week ranged from a 
low of 1 hour 33 minutes to a high of 6 hours 37 
minutes. Participation in aerobic dance averaged 
slightly more than four sessions a week (range 3 to 11). 
During each session, subjects worked at an intensity 
ranging between 20% and 40% of maximum during 
25 to 35 minutes of warm-up and cool-down and at 
55% to 88% of maximum capacity during the 25- to 
30-minute high-intensity, so-called aerobic phase of the 
workout. This latter phase comprised approximately 
70% of most individual’s overall performance. In the 
control group exercise performance was quite erratic 
with individual frequencies ranging from once every 
other week to twice weekly. Twenty-one of these in- 
dividuals only participated in weekend racquet sports 
in the spring, summer, and fall with a switch to cross- 
country or downhill skiing in winter. Their exercise 
performance was estimated from their average pulse 
rates in the field to have an average weekly duration 
intensity range between 1400 and 6200. The remaining 
eight erratically ran or danced aerobic once or twice a 
week and, on the basis of individual concerns about the 
impact of exercise on pregnancy, they stopped these 
activities before attempting conception. Their average 
duration intensity index was 2104 with a range from 
1018 to 3245. 

There was no within-group relationship between age, 
gravidity, prior loss, or overall exercise performance 
level and the occurrence of either early loss or other 
abnormal early pregnancy outcome. 

Conception occurred within six cycles in 97% (115 
of 119) of the subjects. The four cases of “infertility” 
were equally distributed between the groups and not 
clustered in women who had either extremely high- or 
low-duration intensity indices before or at the time of 
conception. One control subject and one recreational 
runner (24 miles per week in 3 hours) failed to conceive 
for no apparent reason. One aerobic dancer’s husband 
had a subnormal semen analysis and she had irregular 
cycles, while another aerobic dancer simply decided to 
delay conception after a change in life situation. 

As shown in Table II, there were no differences in 
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Table ITI. Within-group exercise performance* 





Group Follicular phase 
` Runners (n = 48) 93 + 15 
Aborted (n = 8) 88 + 13 
Term delivery (n = 40) 94 + 15 
Dancers (n = 39) 86 + 29 
Aborted (n = 7) 78 + 20 
Term delivery (x = 32) 88 + 30 
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86 + 19 80 + 19 87 + 19 
88 + 16 83 + 17 86 + 16 
86 + 20 80 + 19 87+ 19 
83 + 27 83 + 26 83 + 27 
78 + 22 78 + 24 78 + 23 
84 + 28 84 + 26 84 + 27 


*All data presented as the percent of the preconceptional duration-intensity index (mean + SD). 


the incidence of spontaneous abortion in the three 
groups and histologic findings were similar. With the 
sample size examined, assuming a conservative spon- 
taneous abortion rate in the populace at large of 15%, 
the probability that an exercise-associated, significant 
increase in the rate of spontaneous abortion was missed 
is <1%. 

Likewise, histologic, ultrasonic, and chromosomal 
findings did not suggest that any specific etiologic dif- 
ferences were present between the groups. In the rec- 
reational runners there was one early loss, with con- 
ception confirmed only by B-hCG assay because no tis- 
sue other than decidua was recovered, six blighted ova, 
and one case in which a fetus was not found but the 
placental villi were vascularized. In the aerobic dancers 
there were two early losses with B-hCG confirmation 
only, three blighted ova, and two cases in which viability 
was confirmed, followed by embryonic death and abor- 
tion. One embryo was a trisomy 15, and in the other 
case there was ultrasonographic evidence of a subcho- 
rionic bleeding that was confirmed histologically. In the 
control group there was one very early loss with B-hCG 
confirmation, four blighted ova, and two cases where 
fetal viability was demonstrated before embryonic 
death and abortion. In one instance, placentation prob- 
ably occurred on the septum of a previously undi- 
agnosed subseptate uterus, and in the other, villous 
vascularity was markedly reduced along with pathologic 
findings consistent with hemorrhagic endovasculitis! 

Over three specific time intervals, there were no 
significant differences in normalized exercise perfor- 
mance (percent preconceptional duration-intensity in- 
dex) by the exercising women who aborted versus 
those who carried pregnancies to term, as shown in 
Table III. In the follicular phase of the cycle of con- 
ception, exercise performance in the runners who 
eventually aborted averaged (mean + SD) 88% + 13% 
of preconceptional duration-intensity index versus 
94% + 15% in those who carried to term. In the aero- 
bic dancers performance averaged 78% + 20% of pre- 
conceptional duration intensity index in those who 
eventually aborted versus 88% + 30% in those who 
carried to term. In the initial 4 weeks after conception 
these values were 88% + 16% and 86% + 20% in the 


recreational runners and 78% + 22% and 84% + 28% 

in the aerobic dancers. In the ensuing 4 weeks similar 

values were 83% + 17% and 80% + 19% in the run- 

ners and 78% + 24% and 84% + 26% in the aerobic 

dancers. 

The three congenital abnormalities diagnosed at 

birth were not clustered in either group. The single 
case of trisomy 21 occurred in a control subject. A case 


of subcoronal hypospadias was noted in the offspring 


of an aerobic dancer who, with the exception of post- 
conceptional weeks 4 to 8, danced regularly three times 
each week throughout pregnancy, thereby maintaining 
her overall performance within 20% of her preconcep- 
tional duration-intensity index. A case of digital web- 
bing or partial syndactyly between the second and third 
toes was noted in the offspring of a runner whose hus- 
band and two other relatives have similar anatomic 
findings. 

The incidence of pregnancy events suggesting anom- 
alous placentation was equally sparse. Despite careful 
monitoring no cases of ectopic pregnancy, placenta 
previa, abruptio placentae, or clinically diagnosed 
uteroplacental insufficiency have been observed in ei- 
ther group. There have been two cases of pregnancy- 
induced hypertension without proteinuria at term. One 
occurred in a control, the other in an aerobic dancer. 
The onset of labor occurred before the beginning of 
the 38th week in 5 cases with an incidence of approx- 
imately 5% in both groups. 


Comment 

These data do not support the initial hypothesis. 
Rather, they indicate that the continuation of several 
types of commonly performed antigravitational exer- 


_ cise through the periconceptional period and first 


trimester is not associated with an increased incidence 
of spontaneous abortion. Furthermore, although the 
data are limited, there is no suggestion that the inci- 
dence of other abnormal first-trimester events is in- 
creased by continuing exercise. 

Given the fact that this type of exercise is associated 
with significant increases in body temperature and re- 
gional flow redistribution away from the viscera,'*? the 
interesting question is why. Limited data suggest that 
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the answer may lie in the extremely early:timing of 
pregnancy-associated changes in maternal physiologic 
- function.” Theoretically, early cardiovasular and ther- 
moregulatory changes could have a protective effect by 
decreasing the flow redistribution requirements or ex- 
ercise and diminishing the magnitude of its thermal 
effect. We are currently testing this hypothesis. 

Given the large number of women who exercise reg- 
ularly and plan to continue exercise during preg- 
nancy," these findings are reassuring. However, for 


several reasons, they may not be generally applicable. . 


First, the fact that all subjects were uncompensated vol- 
unteers who had free access to information regarding 
. some of the physiologic changes exercise induced in 
their bodies, both: before and during pregnancy, may 
have introduced bias into the results as they may indeed 
not be representative of a more general exercise pop- 


ulace. Second, although the types of exercise were « 
picked for initial:study because they should have. in-. 


duced the greatest changes in the maternal internal 
environment,'’*" other types of exercise in early preg- 
nancy may be associated with entirely differént effects. 
Third, the study populace was limited to women in 
excellent overall health and physical condition who had 
been exercising regularly for several years and their 


bodies and organ systems were undoubtedly well ` l 


adapted to the recurrent physiologic stress imposed by 
exercise. Thus the impact of exercise on early preg- 
nancy outcome might be very dìfferent in a group of 
women who, for example, began an exercise program 
in the periconceptional period. Fourth, with the excep- 
tion of spontaneous abortion, the incidence of abnor- 
mal outcomes was extremely low. While this is.reassur- 
ing, the chance of i interpretive error: is nigral and further 
study is Warranie® 
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Oxygen consumption during treadmill exercise before, 
and after pregnancy 


James F. Clapp II, MD 


Burlington, Vermont 


This study was designed to test the hypothesis that the amount of oxygen required to complete a specific 
treadmill exercise protocol changes during pregnancy as a function of gestational age, weight gain, 

and an individual’s exercise regimen. The amount of oxygen required to complete a three-step, graded 
workload treadmill protocol was monitored before, every 6 to 8 weeks during, and after a clinically normal, 
accurately dated, singleton pregnancy in 18 fit, recreational athletes. Nine subjects continued a 

moderate- to high-intensity exercise regimen and nine did not. The amount of oxygen required to complete 
each stage of the protocol decreased significantly (6% to 15%) in both groups in early pregnancy. In the 
women who continued exercise, the amount of oxygen required remained at or significantly below that 
required before conception for the remainder of the pregnancy and the initial postpartum period. 
Conversely, in the women who discontinued regular exercise, the amount of oxygen required for each 
stage rose progressively throughout the remainder of pregnancy at an average rate of 2% per lunar 
month. It peaked in the thirty-seventh week and remained significantly elevated 7 weeks post partum. 
However, when the data were corrected for the additional requirement imposed by pregnancy weight gain, 
net efficiency was increased in both groups throughout pregnancy. These data support three conclusions. 
First, the efficacy of low- to moderate-intensity treadmill exercise in physically active women is improved in 
early pregnancy, Second, this increased efficiency is masked later in pregnancy by the effects of weight 
gain. Third, the degree of efficiency is enhanced throughout pregnancy in women who continue a regular 


during, 


exercise regimen at or above a basic conditioning level. (AM J Osstet GYNECOL 1989;161:1458-64.) 


Key words: Pregnancy, exercise, oxygen consumption, efficiency 


The interaction between the physiologic adaptations 
to pregnancy and endurance exercise are complex and 
to date poorly understood.':* The impact that one may 
have on the other is unclear since a specific adaptation 
to one may either oppose or complement the overall 
physiologic readjustment required by the other.** For 
example, the cardiovascular and metabolic adaptations 
to pregnancy that occur by the seventh postconcep- 
tional week** appear to compliment some of the phys- 
iologic adaptations produced by endurance training. 
These pregnancy-induced changes provide a potential 
physiologic explanation. for the anecdotal observation 
that the competitive performance of world-class ath- 
letes may be improved in early pregnancy. This is also 
supported by one case report that documented an in- 
creased exercise efficiency in an individual who main- 
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tained her jogging regimen throughout pregnancy.’ 
Longitudinal studies, however, of healthy pregnant 
women, begun after the first trimester, conclude that 
the efficiency of non-weight-bearing ergometer exer- 
cise is either unchanged or decreased*'° and that the 
efficiency of weight-bearing treadmill exercise de- 
creases in rough proportion to the increase in body 
weight.® 1°! 

The current study was designed to examine the im- 
pact of pregnancy on the efficiency of weight-bearing 
exercise in greater detail by serially monitoring the oxy- 
gen required to complete a standardized, progressive 
workload, exercise task before, during, and after preg- 
nancy, controlling for the confounding effects of initial 
fitness, exercise performance during pregnancy, and 
weight gain. It was specifically designed to test the hy- 
pothesis that the amount of oxygen required to com- 
plete a specific weight-bearing exercise task during 
pregnancy changes as a function of gestational age, 
maternal weight gain, and an individual’s concurrent 


` exercise regimen. 


Material and methods 


Eighteen women were studied serially before, every 
6 to 8 weeks during, and 6 to 8 weeks after a clinically 
normal, accurately dated, singleton pregnancy. All sub- 
jects were breast-feeding without supplementation at 
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Table I. Study group characteristics 
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Exercise-continued 
subgroup 







- Parameter 


Age (yr) 30.8 + 0.7 
Nulliparous/primiparous 5/4 
Runners/derobics 5/4 
Duration-intensity index 11,760 + 588 
(before pregnancy) 7 

AM pulse (beats/min) : 51 +42 
Weight (kg) 58.8 + 1.5 
Body fat (%) 16.5 + 1.0 
Vo, max (ml/kg/min) 56.3 + 2.4 














Exercise-stopped 


subgroup All subjects 


31:0 + 9.9 30.9 + 0.6 
6/3 11/7 
5/4 10/8 
11,390 + 602 11,580 + 596 
522 5l +2 
57.6 + 1.0 58.2 + 0.9 
20.4 + 1.9% 18.4 + 1.4 
52.5 + 1.4 54.5 + 1.5 








All data presented as mean = SEM. 
*Significant between-suibgroup difference at the 0.05 level. 


the time of the postpartum study. Written ififormed 
consent was obtained from each subject before enroll- 
ment: All subjects worked outside the home, had phys- 
ically active life-styles, and were upper-middle or upper 
socioeconomic class. All were in excellent health and 
had maintained a regular antigravitational exercise reg- 
imen (running, cross-country skiing, aerobics), consist- 
ing of at least three moderate- to high-intensity training 
sessions (50% to 85% of maximum intensity for a min- 
imum of 30 minutes) per week for =2 years before 
study entry. 

In all subjects reported exercise performance was 
confirmed and quantitated by monitoring individual 
daily exercise performance for a minimum of 6 weeks 
before conception and throughout pregnancy by means 
of standard field techniques described elsewhere." 
Briefly, maximal oxygen consumption was measured 
before pregnancy, and the linear relationship between 
heart rate and oxygen consumption was determined 
serially before and during pregnancy. This relationship 
was used to corivert the pulse rate during exercise, 
which was continuously recorded during each field ex- 
ercise session, to intensity (percent of maximum inten- 
sity). The product of this and duration (the duration- 
intensity index) was used as the quantitative measure 
of exercise performance. 

„Nine women maintained théir exercise regimens 
throughout pregnancy at an overall performance level 
well above 50% of their preconceptional level and form 
the exercise-continued subgroup. The remaining nine 
subjects form the exercise-stopped subgroup. On the 
basis of individual concerns or preference, they either 
stopped their training regimens completely at the time 
of conception (n = 5) or continued to exercise only 
intermittently and at low intensity with an overall per- 
formance level well below 25% of the preconceptional 
level (n = 4). It should be stressed that subgroup as- 
signment was based on subject preference and was not 
randomized. 

The characteristics of the overall study group and 
two subgroups are detailed in Table I. The subjects 


ranged in age from 26 to 35 and approximately two 
thirds were nulligravid at thé time of study entry. Run- 
ning or jogging was the primary exercise for approx- 
imately 60%, while 40% preferred aerobics. Before 
pregnancy, weekly exercise performance, quantitiated 
as the duration-intensity index, was similar in the two 
subgroups. Preconceptional body weights ranged be- 
tween 53.0 and 64.7 kg. 

Fitness was objectively assessed before conception ac- 
cording to AM heart rate, fat mass, and maximum oxy- 
gen consumption. The first was recorded with a tele- 
metry device on awaking and before arising. Values 
ranged between 42 and 59 beats/min in both groups. 
Body fat wads estimated with the sum of six-site 
skinfolds’ and ranged between 11.5% and 29.2%. Max- 
imum oxygen consumption was measured directly by 
means of automated respiratory calorimetry and a con- 
stant speed, progressive slope, treadmill protocol. All 
subjects registered values in the upper 5th percentile. 
The only significant difference between subgroups was 


-a greater percent of body fat in the controls. 


` The treadmill protocol always began 90 to 150 min- 

utes after a normal meal and was the first exercise of 
the day. On arrival the subjects changed into light- 
weight exercise apparel and then were weighed and 
fitted with electrocardiogram electrodes and respira- 
tory headgear. The laboratory temperature and rel- 
ative humidity were maintained between 19° and 
21° G and between 30% and 50%, respectively. Each 
individual’s attire was the same for each of her testing 
sessions. 

On each testing occasions, the subjects initially re- 
mained at standing rest for 8 minutes while they 
adapted to the réspiratory apparatus and laboratory 
environment. During the next 7 minutes, measure- 
ments of oxygen consumption at standing rest were 
obtained. Then: they began a 36- minute, progressive 
workload, exercise protocol that was divided into three 
12-minute stages. Throughout each progressive stage, 
the treadmill speed and grade were kept constant, and 
the initial 5 minutes of data was discarded to be sure 
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that a new steady state of oxygen consumption had been 
reached (variability <+ 10%). The stable oxygen con- 
sumption over the last 7 minutes was measured, av- 
eraged, and, after subtraction of the oxygen consump- 
tion at standing rest, used as the oxygen cost of that 
workload in later data analysis. l 

_ To allow meaningful comparison between individu- 
als, the intensity of the three progressive workloads was 
standardized at the time of the preconceptional test to 
require an oxygen consumption equal to approximately 
20%, 30%, and 40% of each individual’s preconcep- 
tional maximum oxygen consumption. Once deter- 
mined, the same treadmill speed and grades were used 
for testing the subject during each subsequent session. 

Minute ventilation was measured with a pneumo- 
tachometer that was calibrated monthly and had a pre- 
cision of +3% when compared under actual test con- 
ditions with a Tissot apparatus. The oxygen and carbon 
dioxide content of room air and expired air were mea- 
sured with applied electrochemistry, analyzers, which 
were calibrated with standard gasses before and after 
each use. The precision of the entire system for the 
. measurement of oxygen consumption under test con- 
ditions was +5% when compared with concomitant use 
of a Douglas bag, dry gas meter, and oxygen analyzer. 

The initial 10 subjects completed the same protocol 
twice before pregnancy to assess the biologic variability 
of the protocol and to determine if a training effect 
existed. The results of the second testing session ranged 
from 95% to 107% of the first with a group average of 
101% + 3%. Thus the biologic variability was no 
greater than the reproducibility of the measurement 
and there was no evidence of a training effect: 

The oxygen consumption data were analyzed in sev- 
eral ways to detect pregnancy- and exercise-associated 
changes in efficiency. First, the raw data were analyzed 
longitudinally without correction for weight gain. Sec- 
ond, the amount of oxygen required to climb vertically 
at a rate of 5 m/min was calculated: from the increase 
in oxygen consumption produced by a change in tread- 
mill grade at a constant speed. Finally, these data were 
corrected. for the effect of weight gain by use of the 
longitudinal data gathered by Hanson" in subjects who 
exprienced similar weight gains and completed similar 
protocols in studies of experimental obesity. Within- 
group significant changes over time were detected by 
analysis of variance, repeated measures analysis of var- 
iance, and Duncan’s multiple range test. Between- 
group differences at a single time point were detected 
with Student’s unpaired ¢ test. A p value <0.05 was set 
as the level of significance. 


Results 


Table Il details the longitudinal- changes in the 
amount of oxygen required to perform the progressive 
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treadmill workloads before, during, and after preg- 
nancy in the two subgroups.and the overall study pop- 
ulace. The subjects who continued exercise during 
pregnancy experienced a significant decrease in the 
oxygen required to complete all three workloads in the 
seventh and fifteenth weeks of pregnancy, and in the 
seventh week post partum. At the 20% workload the 
oxygen requirement remained significantly lower 
through the thirty-first week. At the various time points 
and workloads, the- group mean was between 6% and 
16% below the preconceptional value. The women who 
discontinued a regular exercise regimen at the begin- 
ning of pregnancy experienced a similar decrease in 
the oxygen requirement in the seventh week of preg- 
nancy that reached significance at the two highest work- 
loads. Thereafter their oxygen requirements rose sig- 
nificantly over time at all workloads at an approximate 
rate of 3% per lunar month through the thirty-seventh 
week and reached values that peaked 15% to 18% above 
those observed preconceptionally. The mean values 
were significantly higher than the preconceptional ones 
from the twenty-fifth week onward at the 30% work- 
load, from the thirty-first week onward at the 40% 
workload, and only during the thirty-seventh week at 
the 20% workload. At all workloads the postpartum 
requirement remained significantly higher than the 
preconceptional one by 6% to 10%. The divergent pat- 
terns in the two subgroups offset one another so that 
the only consistent significant change in the overall 
study populace was a fall in the oxygen requirement at 
7 weeks’ gestation. However, when the two subgroups 
were compared with each other at each time point, 
significant differences in the absolute change from 
preconceptional values were present from the fifteenth 
week onward at all workloads. For the 40% workload, 
this difference peaked at .170 ml/min in the thirty- 
first and thirty-seventh weeks and was maintained at 
that level in the initial postpartum period. Overall, the 
relative oxygen cost in the women who continued ex- 
ercise remained 15% to 18% below that of those who 
did not. 

The first portion of Table III presents the longitu- 
dinal changes in the calculated oxygen cost of vertical 
work in the two subgroups. In this calculation, the dif- 
ference iri the oxygen consumption produced by an 
increase in treadmill grade at a constant speed was sim- 
ply normalized for each subject to a climbing rate of 5 
m/min. Throughout pregnancy and the initial post- 
partum period, the oxygen requirement of the subjects 
who continued the exercise regimen remained at or 
below the preconceptional level. The maximum de- 
crease of 15% was observed in the seventh week, but 
the values were also significantly lower in the fifteenth 
and thirty-first weeks despite increases in body weight 
of 8% and 18%, respectively. The subjects who stopped 
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Table II. Oxygen cost of the three treadmill workloads 









Weeks’ gestation 





Post partum. 


20% Workload 


EX 405 + 31 341 + 29* 365 + 26* 361 + 35* 372 + 37* 399 + 39 369 + 27* 

NO 361 + 19 339 + 30 361 + 27 372 + 28 381 + 33 422 + 28% 387 + 24* 

ALL $83 + 18 341 + 20* 363 + 18* 366 + 22 376 + 24 410 + 23 378 + 18 
30% Workload 

EX 687 + 46 622 + 41* 647 + 47% 684 + 61 685 + 66 691 + 63 632 + 61* 

NO 586 + 28 557 + 34* 590 + 39 628 + 39* 653 + 44* 673 + 40* 626 + 35* 

ALL 636 + 36 589 + 27% 618 + 30 656 + 36 669 + 39* 682 + 36* 638 + 35 
40% Workload 

EX 1055 + 64 957 + 56* 978 + 55* 1024 + 59 1018 + 80 1068 + 59 956 + 56* 

NO 895 + 25 829 + 5I1* 921 + 41 988 + 59 1027+ 57* . 1055 + 72* 964 + 53* 

ALL 980 + 40 897 + 40* 952 + 35 1007 + 41 1022 + 49 1061 + 45 960 + 38 








All data presented in milliliters of oxygen per minute as mean + SEM. EX, Exercise-continued subgroup. NO, exercise-stopped 


subgroup. ALL, Overall study populace. 


*Significantly (p < 0.05) higher or lower than preconceptional value. 


their regular exercise regimens also experienced a sig- 
nificant 8% decrease in the oxygen requirement in the 
seventh week, but this was followed by a significant 
increase over time in the oxygen requirement through 
the thirty-seventh week at an approximate rate of 29 
ml per lunar month. As a result, the oxygen require- 
ment was significantly higher by 18% to 19% in the 
thirty-first and thirty-seventh weeks. In both subgroups 
the value returned to preconceptional levels in the ini- 
tial pospartum period. Again, the divergent patterns 
in the two subgroups offset one another so that the 
only significant longitudinal difference in the oyerall 
study populace was a 12% reduction in the oxygen 
requirement in the seventh week. However, as noted, 
earlier in the raw workload data, significant between- 
subgroup differences in the absolute changes from pre- 
- conceptional values were present at the individual time 
points from the fifteenth week onward. At the various 
‘time points, the relative oxygen cost of climbing at a 
rate of 5 m/min ranged between 15% and 31% less in 
the women who continued their training regimens 
throughout pregnancy. l 
Significant progressive weight gain was noted 
throughout pregnancy. This was roughly linear for 
each subject (R? between 0.87 and 0.99). In the exercise- 
continued and exercise-stopped subgroups, the aver- 
age rate of increase approximated 1.3 and 1.7 kg per 
lunar month, respectively. This represented a total 
weight gain approximating 21% and 27% of precon- 
ceptional weight in the two subgroups, which clearly 
exceeded the perċentage increase in oxygen consump- 
tion, indicating that the oxygen requirement per kilo- 
gram actually decreased. Indeed, the calculated in- 
crease in the workload of climbing at the rate of 5 
m/min because of weight gain was 61 and 79 kpm/min 
in the two respective subgroups. To offset this increase 


in workload, the data were adjusted for the increased 
oxygen cost attributable to individual weight gain at 
each time point by a correction factor of —2.6 ml oxy- 
gen per kilopond meter per minute. This was calculated 
directly from data obtained in a study of experimental 
obesity in which a nearly identical treadmill workload 
was used before and after similar weight gains and 
losses.“ The weight-corrected data are presented in the 
second portion of Table III. Note that when the effect 
of pregnancy weight gain is considered the initial sig- 
nificant decrease in the oxygen requirement is main- 
tained in both subgroups throughout pregnancy and 
the initial postpartum period. The greatest decreases 
were observed in the third trimester when the values 
were 37% to 42% lower in the exercise subgroup and 
23% to 35% lower in the control subgroup. When the 
relative change from preconceptional levels in the 
weight-corrected oxygen requirements of the two 
subgroups was compared at the various time points of 
study, the decrease was significantly greater in the ex- 
ercise subgroup in the seventh, fifteenth, twenty- 
fourth, and thirty-first weeks. At these time points, the 
relative decrease in the execise-stopped subgroup was 
between 33% and 54% of that observed in the exercise- 
continued subgroup with a peak difference of 104 
ml/min in the thirty-first week. No significant differ- 
ence between subgroups, was observed at either 37 
weeks or in the seventh week post partum, 


Comment 


These data support the basic hypothesis in an un- 
ambiguous fashion. First, they demonstrate that, in 
physically fit and active women, there is a consistent 
(16 of 18 subjects) decrease in the oxygen required to 
complete a series of progressive, low- to medium-load, 
antigravitational exercise tasks in the middle of the first 
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trimester despite a 3% increase in body weight. Fur- 
thermore, work efficiency, measured by the decrease 
in oxygen requirement for the vertical component of 
the exercise, was clearly increased at this point in preg- 
nancy in both subgroups. Second, they indicate that the 
continuation of an endurance exercise training regi- 
men during pregnancy significantly modifies the lon- 
gitudinal change in oxygen required to complete the 
three workloads throughout pregnancy, as well as the 
longitudinal change in antigravitational work eff- 
ciency. Without adjustment for the effects of pregnancy 
weight gain, the changes in oxygen requirement were 
at least 15% less in the exercise-continued subgroup 
and the longitudinal changes in efficiency were at least 
15% less in the exercise-stopped subgroup from the 
fifteenth week onward. Finally, the data indicate that 
the magnitude of the decrease in oxygen requirement 
in the exercise-continued subgroup and the increase in 
the exercise efficiency.in both subgroups is obscured 
after the fifteenth week by the pregnancy-associated 
increases in maternal weight. For example, in the thirty- 
seventh week maternal weight gain should have in- 
creased the oxygen requirement for antigravitational 
work to a level approximately 40% above that observed 
before pregnancy. The fact that an increase of this mag- 
nitude was not observed clearly suggests a marked in- 
crease in efficiency that is documented by the weight- 
corrected data. Thus, when the data are adjusted for 
weight gain, the increased efficiency seen in the seventh 
week is maintained throughout the remainder of preg- 
nancy in both subgroups with the improvement being 
greater in the women who maintained their precon- 
ceptional exercise regimens. 

These findings and conclusions differ from those re- 
ported by others. Hutchinson et al." reported that the 
oxygen required to run on the flat at 6 mph rose at a 
rate of 50 ml/month from the third month of preg- 
nancy onward with a value 4 months post partum equiv- 
alent to that recorded in the third month. Unfortu- 
nately, measurements were not made either before con- 
ception or at the time we noted the initial decrease in 
the oxygen requirement, nor could these data be cor- 
rected for the impact of pregnancy weight gain and 
postpartum weight loss as no vertical work was done. 
Thus comparison with the present data is difficult. It 
is interesting, however, to note that the percentage 
change in weight exceeded the percentage increase in 
oxygen consumption during pregnancy and that the 
postpartum oxygen. requirement exceeded that re- 
corded in the third month of pregnancy, despite the 
fact that the subject weighed 1.6 kg less post partum. 
Both suggest that the weight-corrected oxygen require- 
ment may well have been less during pregnancy, es- 
` pecially early pregnancy. 

Knuttegen and. Emerson? studied 13 pregnant 
women during treadmill exercise that was roughly 


with training and with nutritional and work stress, 
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equivalent to our 30% workload. The data reported 
clearly show that the mean oxygen requirement for the 
group fell post partum in rough proportion to the de- 
crease in weight. In this regard the data from the cur- 
rent study are similar. On the basis of this single finding, 
however, the authors concluded that the increased 
stress of treadmill exercise during pregnancy is due to 
weight gain. In contrast, they noted that only two of 
the women showed a progressive increase in oxygen 
requirement for the protocol during pregnancy. This 
was not discussed further and the longitudinal trends 
observed in the other 11 women were not described, 
nor was the relationship between serial weight gain and 
oxygen requirement addressed. Clearly, it is possible 
that the weight-corrected oxygen requirement might 
have decreased over the latter half of pregnancy in 11 
of the 13 subjects studied. Blackburn and Calloway” 
used a graded treadmill exercise protocol to study work 
efficiency serially throughout the latter half of preg- 
nancy and post partum. They concluded that the caloric 
expenditure for the different workloads increased pro- 
gressively during the latter half of pregnancy and fell 
post partum and that the cost per unit weight was un- 
changed over the time period of study. They also noted 
that efficiency might actually be increased if one sub- 
tracted the resting caloric expenditure, which also rose 
progressively. Unfortunately, although their data al- 
lowed it, they did not pursue the issue of efficiency 
further by calculating the longitudinal change in the 
caloric requirement for vertical work. When this is cal- 
culated without a correction for weight gain, the caloric. 
requirement to climb at a rate of 8 m/min was de- 
creased by 12% between the twentieth and thirty-sixth 
weeks of pregnancy when compared with the cost post 
partum and .was no different from the postpartum 
value between the _thirty-seventh and fortieth weeks. 
Thus their data indicate that work efficiency is im- 
proved in pregnancy and are actually in substantial 
agreement with those obtained in the current study. 
Despite these findings, however, it is clear that the 
oxygen cost of vertical work increases in direct pro- 
portion to weight gain and decreases in direct propor- 
tion to weight loss in nonpregnant subjects studied se- 
rially during changes in either fat mass" or weighted 
load. Thus it appears that there is a fundamental 
change in the efficiency of uphill walking associated 
with pregnancy, but the mechanism for this change is 
unclear. While pregnancy-associated factors such as the 
change in the center of gravity and stride length could 
potentially influence efficiency, the magnitude of the 
change suggests either a fundamental improvement in 
contractile efficiency at a cellular level or-an unappre- 
ciated systematic error in data accrual. Factors favoring ` 
the former explanation are speculative at this time but 


include the increases in metabolic efficiency associated 
16-18 
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Table III. Oxygen required for vertical work at a rate of 5 m/min 


Before T 


pregnancy 









Weeks’ gestation 








23 Post parium 





Absolute values 


EX 467 + 30 396 + 10* 419 + 18* 442 + 19 406 + 20* 472 + 15 464 + 19 

NO 417 + 23 382 + 2]* 439 + 17 479 + 23 49] + 26* 497 + 45* 429 + 23 

ALL 442 + 19 389 + 11* 430 + 12 466 + 16 448 + 19 485 + 23 446 + 15 
Corrected values 

EX 467 + 50 369 + 8* 362 + 15* 331 + 17* 269 + 19* 313 + 14% 422 + 18* 

NO 417 + 23 364 + 20* 383 + 16* 355 + 21* 323 + 24% 293 + 40* 359 + 21* 

ALL 442 + 19 366 + 10* 373 + 10* 349 + 14* 296 + 16* 300 + 20* 393 + 14* 





Data presented in milliliters of oxygen per minute as mean + SEM. EX, Exercise-continued subgroup. No, pe -stopped 


subgroup. ALL, Overall study populace. 
*Significant difference from preconceptional values. 


particularly when heavy physical activity and nutri- 
tional stress are combined in pregnancy. ® The most 
likely factors to cause a systematic error would be the 
presence of a training effect, an anaerobic metabolic 
component, or a marked oxygen debt, The first is quite 
unlikely because we found no evidence to support a 
training effect in our initial replicate studies nor have 
others seen it at similar intensities.® '* '* The second, 
although possible, is unlikely for several reasons. First, 
these were serial studies in very fit subjects and the 
workloads were light to moderate. Second, in earlier 
studies in similar women, lactate levels actually fell 
with exercise of slightly greater intensity than this dur- 
ing mid and late pregnancy.” Finally, a pregnancy- 
associated increase in oxygen debt is a real possibility 
noted or considered by others.* ° This, however, was 
not measured in the current study for several reasons. 
First, the study design, with three progressive work- 
loads without separate recoveries, did not allow us to 
measure it for each workload independently. Second, 
there is no evidence that the oxygen debt accrued at 
the very beginning of muscular activity is increased 
further by a change in exercise intensity of this mag- 
nitude. Third, in the current study we assessed changes 
in efficiency from the change in the difference in oxy- 
gen consumption produced by a change in grade. Any 
potential oxygen debt should not influence this mea- 
surement. Thus an increase in oxygen debt also appears 
to be an unlikely explanation. 

As we only determined maximum oxygen consump- 
tion before pregnancy (human subject safety concerns), 
one must consider whether a pregnancy-associated in- 
crease or decrease in an individual’s maximum oxygen 
consumption would in and of itself influence the oxy- 
gen required to perform a set, progressive load, tread- 
mill exercise task. Training and detraining data in 
pregnancy” suggest that the associated increases and 
decreases in maximum oxygen consumption are re- 
flected by changes in the relative oxygen requirement 
for a standard task (percent of maximum oxygen con- 


sumption). There is no evidence, however, that a 
change in maximum oxygen consumption significantly 
influences the absolute oxygen requirement for a stan- 
dard task (milliliters per minute).” Thus exercise per- 
formance should influence perceived exertion, heart 
rate, etc., but should not affect the absolute oxygen 
requirement. In the current study we assumed that 
changes in maximum oxygen consumption would not 
change the absolute oxygen requirement and used 
maximum oxygen consumption only as a means to stan- 
dardize the relative preconceptional oxygen require- 
ments (intensity) for the progressive workload task be- 
tween individuals. Because of differences in weight and 
efficiency, the actual individual absolute oxygen re- 
quirements and tasks were quite different. Once set, 
each individual’s progressive workload task did not 
change in the subsequent testing periods. While it is 
likely that maximum oxygen consumption and there- 
fore the relative oxygen requirement (percent of max- 
imum) changed during pregnancy as a function of ex- 
ercise performance, in and of itself, this should not have 
influenced the absolute oxygen requirement for per- 
forming the identical progressive workload task.” The 
latter would be influenced by weight ° and the other 
efficiency-related factors discussed above. 

In summary, the data obtained in this prospective, 
serial study of a fairly uniform, physically fit populace 


_ support the initial hypothesis. They indicate that in this 


populace the efficiency of low- to moderate-intensity 
exercise is increased throughout pregnancy and that 
the increase is enhanced in women who choose to con- 
tinue their training regimens throughout pregnancy. 
Review of several earlier studies suggests that these 
findings also may apply to less physically active groups 
of women. Currently, the mechanism, responsible for 
the pregnancy-associated change in efficiency is not un- 
derstood. 
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Exercise prescription in pregnancy: Weight-bearing versus 


non-weight-bearing exercise 
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Bicycle ergometry (non-weight-bearing exercise) and treadmill (weight-bearing exercise) were compared to 
assess physiologic responses to similar work loads. A total of 22 subjects at 29.3 + 1.6 (+ SEM) weeks’ 
gestation who performed non-weight-bearing exercise were compared with 15 similarly fit subjects at 

26.1 + 2.3 weeks’ gestation who performed weight-bearing exercise at three submaximal levels. 
Measuremenis by indirect calorimetry indicate preferential carbohydrate use during non-weight-bearing 
exercise at submaximal levels. (AM J OpsteT GYNECOL 1989;161:1464-9.) 


Key words: Exercise prescription in pregnancy 


Exercise is routinely prescribed because of various 
clinical conditions in nonpregnant patients. Recently, 
exercise has been proposed as adjunctive therapy for 


From the Departments of Obstetrics and Gynecology and Exercise 
Sciences, University of Southern California Schoot of Medicine. 
Presented at the Thirty-fifth Annual Meeting of the Society for Gy- 
necologic Investigation, Baltimore, Maryland, March i7-20, 

1988. 

Reprint requests: Raul Artal, MD, University of Southern California 
School of Medicine, Women’s Hospital, Department of Obstetrics 
and Gynecology, Room 5K-40 1240 N. Mission Road, Los Angeles, 
CA 90033. 

6/6/15657 


aama 


gestational diabetes.! It appears that exercise facilitates 
the use of glucose uptake by postreceptor mechanisms 
that regulate glucose transport and intracellular glu- 
cose metabolism,” * Because gestational diabetes is a 
disease of glucose intolerance, therapeutic modalities 
to overcome this resistance and improve glucose me- 
tabolism may be preferred rather than insulin admin- 
istration. If exercise can successfully maintain normo- 
glycemia and avert the use of insulin in patients with 
gestational diabetes, this could reduce maternal and 
infant morbidity and avoid complications related with 
insulin therapy. 

Exercise prescription requires knowledge of poten- 
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Fig. 1. Maternal heart rate responses during non-weight-bearing (bicycle ergometry) and weight- 
bearing (treadmill) exercise at incremental work loads. 
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Fig. 2. Respiratory exchange ratio during non-weight-bearing (bicycle ergometry) and weight- 
bearing (treadmill) exercise at incremental work loads. 


Table I. Clinical data of study subjects 











Weight-bearing 
exercise 


Non-weight-bearing 
exercise 





Characteristics 









Number of subjects 22 15 NS 
Age (yr) 29.8 + 0.5 30.3 + 1.9 NS 
Gestational age (wk) 28.3 + 1.8 25.9 + 2.5 NS 
Weight (kg) 70.8 + 2.7 65.1 + 2.9 NS 
VO.max/kg (ml/kg/min) 28.6 + 1.8 26.5 + 1.7 NS 
Tidal volume at rest (L) : 0.69 + 0.04 0.68 + 0.06 NS 
Tidal volume at VO,max (L) 1.96 + 0.08 1.67 + 0.10 0.03 
Mean + SEM. 


NS = Not significant (p > 0.05). 
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Fig. 3. CO, output (L/min) during non-weight-bearing (bicycle ergometry) and weight-bearing 


(treadmill) exercise at incremental work loads. 
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Fig. 4. Tidal volume (L) during non-weight-bearing (bicycle ergometry) and weight-bearing (tread- 


mill) exercise at incremental work loads. 


tial risks, general physical condition, and work capacity 
to estimate the training intensity necessary to induce 
conditioning or desired effects. To establish the safety 
of exercise therapy in gestational diabetes a pilot study 
was performed.* We investigated the effects of mild 
treadmill exercise on normal mothers and their infants 


as well as pregnancies complicated by gestational dia- 


betes and reported no immediate adverse effects. 
Exercise prescription in the treatment of gestational 
diabetes is investigational. Therefore exercise studies 
on substrate use during pregnancy are needed. One 
method to assess substrate use is indirect calorimetry 
through determinations of the respiratory exchange 


ratio (R). R is a respiratory variable that reflects the 
ratio between carbon dioxide output (VCO;) and oxy- 
gen uptake (VO,) and provides information on the 
proportion of substrate derived from various food- 
stuffs.’ If carbohydrates are completely oxidized to 
CO, and water (H:O), one volume of CO, is pro- 
duced for each volume of O, consumed. Hence an R 
value of 1.0 would indicate that only carbohydrates are 
being used (CHO, + 6 O,-> 6 CO, + 6 H,O; R = 
VCO,/VO, = 6/6 = 1.0). An R value of 0.7 would in- 
dicate that fats are being burned. Any value between 
0.7 and 1.0 would reflect the relative proportion of 
carbohydrate and fat being used. 
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Fig. 5. Respiratory frequency (breaths/min) during non-weight-bearing (bicycle ergometry) and 
weight-bearing (treadmill) exercise at incremental work loads. 
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Fig. 6. Respiratory exchange ratio at 50% and 60% of the individual VOpmax. ` 


The objective of this study was to compare different 
exercise regimens and responses between non-weight- 
bearing exercise such as bicycle ergometry and weight- 
bearing exercise such as the treadmill in persans with 
uncomplicated pregnancies. 


Material and methods 


A total of 37 healthy pregnant subjects were studied 
after informed consent was obtained. The subject char- 
acteristics are summarized in Table I. On the basis of 
an intake questionnaire, both groups were found to be 
of similar low-to-average levels of fitness judged by 
their regular physical activities and later confirmed by 


similar maximal O, uptake (VO.max) stress test. A total 
of 22 subjects performed bicycle ergometry exercise 
and 15 subjects performed treadmill exercise. The par- 
ticipants were not randomly assigned in the study; 
group assignment was not stratified but rather was 
based on date of entry into the study. Bicycle ergometry 
exercise involved work loads:of 25, 50, and 75 W with 
steady state achieved in 7 minutes with 5-minute rest 
periods between stages. To achieve VO.max an initial 
work load of 75 W with increasing increments of 25 W 
every 2 minutes was performed. A modified Balke 
protocol was used in the treadmill group.’ The inten- 
sity of exercise was started at 2.5 ape at 0% eleva- 
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tion and was increased 2% every minute until exhaus- 
tion. Similar submaximal levels of exercise were per- 
formed by both groups. For the purpose of analysis, 
the levels of exercise were quantitated by the level of 
VO, by arbitrarily chosen increasing work loads. The 
data were grouped by incremental work loads of 
VO, = 0.7 + 0.05 L/min, VO, = 0.85 + 0.05 L/min, 
and VO, = 1.1 + 0.05 L/min. In addition, to obtain 
uniform standardized data independent of weight and 
level of fitness, the R data were then grouped and an- 
alvzed at points that corresponded with the 50% and 
60% of the individual VO.max (see Fig. 6). 

VCO., VO., ventilatory parameters, and maternal 
heart rate were measured at each work load. The Beck- 
man Metabolic Measurement Cart (model MMC) with 
open circuit spirometry was, used for all measurements. 
The equipment was calibrated daily before the exper- 
iments were started. Indirect calorimetry was used to 
derive R.* 

Fetal heart rate (FHR) and uterine activity were con- 
tinuously monitored before and after exercise with a 
Corometrics fetal monitor (model 140). FHR and uter- 
ine activity were also monitored during exercise when 
technically feasible. Unpaired Student ¿ test analysis 
with the use of MR-TOD (Medical Research—Time Ori- 
ented Data base, Seattle, Wash.) for statistical signifi- 
cance were performed with a equal to 0.05. 

This investigation was approved by the University of 
Southern California School of Medicine Human Re- 
search Committee. f 


Results 


Table I presents the subject characteristics of both 
the non-weight-bearing and weight-bearing exercise 
groups. No statistical differences were found between 
the subject characteristics at rest. 

Figs. 1 to 5 summarize maternal heart rate response, 
R values, VCO,, and ventilatory parameters (tidal vol- 
ume and respiratory frequency), Maternal heart rate 
responses were similar in both groups. The R values 
were significantly higher during non-weight-bearing 
exercise than during weight-bearing exercise: This dif- 
ference was consistent at all preset submaximal levels 
of exercise (Fig. 2) and at 50% and 60% of the indi- 
vidual VO,max (Fig. 6). VO, levels were similar at each 
submaximal work load by study design. Inasmuch as R 
is derived from the ratio of the VCO, to VO,, the higher 
R values reflect elevated VCO, as seen in Figs. 2 and 
3. Ventilatory, parameters were similar in both groups 
at each submaximal work load. 

FHR monitoring showed good reactivity and rare 
uterine contractions before, during, and after exercise. 


Comment 


Comparative physiologic studies between weight- 
bearing and non-weight-bearing exercise have not been 
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previously conducted in pregnancy. A similar respira- 
tory tidal volume while pedaling the bicycle ergometer 
at the same VO, and while walking on the treadmill 
were reported in prior studies in nonpregnant sub- 
jects.*° Similarly, in our study at submaximal work loads 
the tidal volumes were not statistically different. In our 
study, bicycle ergometry induced hyperventilation only 
at VO.max, as compared with walking. 

The use of the R value to assess energy use is valid 
if no ventilatory abnormalities exist such as hyperven- 
tilation, which would increase VCO, and therefore in- 
crease the R value. Such differences in ventilation were 
noticed in our study only at VO,max. 

The significantly higher R values in the non-weight- 
bearing exercise group during exercise may reflect 
preferential carbohydrate use over lipids during non- 
weight-bearing mild exercise in comparison with 
weight-bearing mild exercise in pregnancy. This ob- 
servation in our study was independent of the fitness 
level and weight as reflected by similar VO,max/kg 
values in the two groups as summarized in Table I and 
Fig. 6. 

Theoretically, during prolonged exercise higher lac- 
tate values could be associated with an elevation in R. 
The lactate is buffered by sodium bicarbonate and ře- 
sults in excess CO, formation that is independent of 
fuel metabolism.” Elevated lactate production during 
bicycle ergometry that leads to metabolic acidosis could 
explain the higher R values. This is unlikely to-occur 
in brief exercise sessions as performed by our subjects. 

One potential clinical application of this finding is its 
use as an alternative therapeutic modality to gestational 
diabetes. Because gestational diabetes appears to be a 
state of impaired glucose use, noninsulin intervention 
would be advantageous. The preferential carbohydrate 
use during brief non-weight-bearing exercise in com- 
parison with weight-bearing exercise during pregnancy 
requires further investigation. This preferential use of 
carbohydrates may be a result of the anaerobic com- 
ponent of this type of non-weight-bearing exercise. 

Recognition of potential risks is essential when ex- 
ercise is prescribed. Comparative studies such as this 
one allow an assessment of physiologic responses. The 
risks involved with exercise in pregnancy in previously 
sedentary obese individuals include soft tissue muscu- 
loskeletal injuries. The anatomic changes of preg- 
nancy that include laxity of joints and ligaments, cou- 
pled with a continuous shift in the center of gravity 
and increasing weight, place sedentary persons at 
higher risk for injuries (primarily in weight-bearing 


-activities) during exercise. Thus certain types of exer- 


tion such as weight-bearing exercise may not be suitable 
for this type of subject. This body weight and the 
change in the point of gravity have a much smaller 
effect on bicycle ergometer performance and therefore 
less risk of injury is involved. 
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Should exercise become a therapeutic modality for 
women with gestational diabetes or in the otherwise 
normal sedentary person, it appears from these prelim- 
inary studies that non-weight-bearing exercise such as 
bicycle ergometry may be the preferred form of ex- 
ercise to be prescribed. 
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Human fetal behavioral states after vibratory stimulation 


Robert Gagnon, MD, Cora Hunse, RN, and John Foreman, PEng 
Lendon, Ontario, Canada , 


A total of 14 healthy pregnant women between 37 and 41 weeks’ gestational age were studied to 
determine the effects’ of a 5-second external vibratory stimulus (100 Hz, square wave) on human fetal 
behavioral states. Fetal behavioral state observations were made with simultaneous recordings of fetal 
heart rate, gross’ fetal body movements, and fetal eye movement between 8:30 am and 4:00 pm. During the 
first episode of behavioral state 1F (quiet sleep state) =10 minutes ‘duration on two consecittive half days, 
the vibratory stimulus was placed on the surface of the’ maternal abdomen over the fetal head. Each fetus 
received one 5-second vibratory stimulus during either the first or second half day of observation. The time 
at’ which the instrument was applied but no vibratory stimulus was ‘administered. was considered as the 
control period. All women were then observed for 2-hours after the control period and after stimulation. A 
transition period from a quiet sleep-state to a stable active sleep state (state 2F, rapid eye movement : 
sleepy ‘averaged <3 minutes after stimulation, as compared with 23 minutes after the control period. These 


changes in fetal behavioral states persisted for 20. minutes after vibratory stimulation. There also was an 
immediate ‘and sustained i increase in long-term fetal heart-rate variability, the number of fetal heart rate 
accelerations’ and gross fetal body movement during the first 20 minutes after stimulus, without changes in. 
basal fetal heart rate. We hypothesize that changes j jn fetal behavior seen after application of low 
frequency vibratory stimulus are more. physiologic than the profound changes in fetal heart rate and gross 
fetal body movement previously described after. vibratory acoustic stimulation with an electronic artificial - 


ym (Am J. OBSTET GYNECOL 1989; 161: 1470-6, ) 


Key words: Human feral behavior, sound and vibration, fetal heart rate 


Healthy human fetuses undergo rest-activity cycles 
that are usually related to different behavioral states.' 
It is believed that human fetuses may change from a 
state of sleep to a state of wakefulness as a result 
of vibratory acoustic stimulation.* * Recently, low- 
frequency vibration as a source of external stimulation 
has been suggested as the cause of the increase in fetal 
heart rate (FHR) reactivity* and as a possible means to 
decrease the length of nònstress tests. 

* Che aim of this study was to investigate the effect of 
an external vibratory stimulus on fetal behavioral $ states 
in a group of: healthy human fetuses at term. 


Patients and methods 


Patients. Informed consent was obtained from 16 
pregnant women between 37 and 41 weeks’ gestational 
age. All remained i in good health and had normal term 
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deliveries that confirmed gestational age and the good 
health of the fetuses studied, The average gestational 
age at delivery was 40.5 + 0. 4 weeks (SEM). The av- 
erage weight of the fetuses at birth was 3664 + 141 gm 
(SEM). No Apgar score was <8 at 5 minutes. Umbilical 
cord blood arterial samples were obtained at birth in 
all fetuses. The. mean umbilical arterial Po, was 
17.1 + 1.2 mm Hg, the Pco, was 54.1 + 2.0 mm Hg, 
and the pH was 7.28 + 0.0]. Two (12.5%) women were 
delivered of infants ‘by cesarean section because of 
cephalopelvic disproportion. All fetuses were in vertex 
presentation at the time of delivery. 

Experimental design. The women received a stan- 
dardized 800 kcal breakfast or lunch at 8:00 am or 
12:00 pM, respectively. All studies began 30 minutes 
later at 8:30 am or 12:30 pm and were conducted in a 
quiet room with the patients either sitting upright in 
bed or resting in a lateral recumbent position. Women 
were asked not to smoke for =4 ‘hours before thé stud- 
ies. Smoking of food intake by patients or observers 
was not permitted during the studies. 

The external vibratory stimulus used in this study 
was generated with a Model 4810 minishaker (Bruel 
and Kjaer, Copenhagen, Denmark) matched with a 
minishaker power amplifier (Department of Mechnical 
Engineering, University of Western Ontario, London, 
Ontario, Canada), firmly applied on the maternal ab- 
domen. The signal was generated with the output of a 
Fast Fourier Transform analyzer (Model SP-20, Sig- 
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nology, Campbell, Calif.) and adjusted to generate a 
square wave of 100 Hz during 5 seconds. During a pilot 
study in our laboratories (Gagnon et al. Unpublished 
observations), this type of stimulus was associated with 
a more consistent fetal response than a sine wave of 
the same frequency or higher frequencies. The surface 
of the minishaker in contact with the maternal abdo- 
men was 9.6 cm’, which was approximately twice the 
moving surface of the Model 5C electronic artificial 
larynx (4.9 cm?; Western Electric, New York, N. Y.). 
The surface of the instrument vibrated at a funda- 
mental frequency of 100 Hz with multiple harmonics 
up to at least 5000 Hz.* The maximum force of vibra- 
tion was 48 dB at 100 Hz, equivalent to an absolute 
force of 4.35 x 107° N.* A similar spectrum of vibra- 
tion (maximum force of 45 dB at 100 Hz) is produced 
by the electronic artificial larynx." 

All patients were acclimatized by touching the surface 
of the activated minishaker with their hand before the 
studies began. Women were studied continuously for 
3% hours on each of 2 half days. Fetal behavioral state 
observations were made with simultaneous recordings 
of FHR, gross fetal body movement, and fetal eye 
movement between 8:30 Am and 4:00 pm. During the 
first episode of behavioral state 1F (FHR, pattern A; 
gross fetal body movement, incidental; fetal eye move- 
ment, absent)' on each consecutive half day, the mini- 
shaker was placed on the surface of the maternal ab- 
domen over the fetal head. The device was applied only 
after the fetus has been in state 1F for 10 minutes. This 
technique allowed us to synchronize all fetuses in the 
same behavioral state (quiet sleep state) for the same 
length of observation (10 minutes) just before both the 
stimulus and the control were applied. Each fetus re- 
ceived one 5-second vibratory stimulus during either 
the first or second half day of observation. Patients were 
informed that the stimulus might or might not be ac- 
tivated during the two times that the instrument was 
placed on the abdomen. The choice of whether to stim- 
ulate the abdomen during the first or second episode 
of state 1F was made from random number tables. The 
time at which the instrument was applied but no vi- 
bratory stimulus was administered was considered as 
the control period. All women were observed for 2 
„hours after the control period and stimulation. 

One healthy fetus did not show evidence of any ep- 
isode of state 1F after 3 hours of continuous observa- 
tion, and fetal eye movements could not be adequately 
visualized in another fetus. These two study partici- 
pants were excluded from further analysis. 

FHR measurement. FHR was recorded with a Hew- 
lett Packard Model 8040 A external monitor (Hewlett 
Packard GMBH, Boeblinger, Federal Republic of Ger- 
many) with a compact transducer and was analyzed on- 
line by a Sage II microprocessor (Sage Technology, 
Reno, Nev.) as previously described.*° During analysis, 
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a baseline was fitted to the heart rate record and FHR 
accelerations 210 beats/min for =15 seconds above the 
baseline were automatically detected. For each 10- 
minute interval, the basal FHR {beats/min), the num- 
ber of FHR accelerations, the total gained beats (total 
area of FHR accelerations -above the baseline), and the 
mean minute range (milliseconds) were calculated on- 
line. 

Measurement of fetal activity. Fetal breathing move- 
ment and gross fetal body movement were measured 
with a real-time ADR ultrasound scanner (Model 2130, 
Advanced Diagnostic Research Corp., Tempe, Ariz.) 
and were analyzed on-line in 10-minute intervals with 
a PDP 11/34 minicomputer as previously described.’ 
Individual gross fetal body movement and fetal breath- 
ing movement were identified on a video monitor and 
coded with an event marker. With the use of this tech- 
nique, the agreement between observers to detect fetal 
breathing movement and gross fetal body movement 
is 94%.’ The 3.5 MHz transducer was positioned over 
the maternal abdomen to permit continuous observa- 
tion of a longitudinal cross-section of fetal chest and 
abdominal wall echoes.’ 

Measurement of fetal eye movement. A second real- 
time ultrasound scanner (Model SAL-30A, Toshiba 
Corp., Shimoishi, Japan) was used to identify fetal eye 
movement. The 3.5 MHz transducer was positioned on 
the maternal abdomen so that an oblique cross-section 
of the fetal face was obtained.® In such a section one 
of the fetal eyes can be seen as a sonolucent globe, - 
behind which lies a wedge-shaped echo-rich area. Fetal 
eye movement can be detected easily in the real-time 
image as small movements in the periphery of the so- 
nolucent area and in the retroocular echo-rich area.® 
Individual fetal eye movements were identified on a 
second video monitor adjusted to magnify the size of 
the real-time image approximately eight times and the 
movements were coded with an event marker. The in- 
terobserver agreement to detect fetal eye movement 
with real-time image is reported to be 90%. 

‘Measurement of fetal behavioral states. FHR trac- 
ing, gross fetal body movement, fetal breathing move- 
ment, fetal eye movement, and failed time were re- 
corded on an eight-channel chart recorder (Model 7, 
Grass Instrument Co., Quincy, Mass.). Electrical signals 
from the analog output of the HP 8040A external mon- 
itor and the two event markers were processed by 
means of a common mode rejection preamplifier 
(Model 7, P51 IJ, Grass Instrument Co.). The paper 
speed was adjusted at 25 mm/min for off-line analysis 
of fetal behavioral states. 

Data analysis. The basal FHR, the number of FHR 
accelerations =10 beats/min for =15 seconds above the 
baseline, the total gained beats, and the mean minute 
range were determined for successive 10-minute inter- 
vals. Portions of records that could not be analyzed 
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Fig. 1. Typical example of transition from state 1F (quiet sleep state) to state 2F (rapid eye movement 
sleep state) after 5-second external vibratory stimulation (arrow) in healthy term human fetus. (FHR, 
fetal heart rate; FEM, fetal eye movements; GFBM, gross fetal body movements). 
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Fig. 2. Mean incidence of coincidence 1F (+SEM) was plotted in 10-minute intervals before and 


after stimulation (——) or control (- - - -). 


because of FHR signal loss of >30% or patient inter- 
ruption were not included. These portions made up 
5.0% of the total study time. 

Measurements of the percentage of time spent mak- 
ing gross fetal body movements, the percentage of time 
spent making breathing movements, and the frequency 
distribution of breath-to-breath intervals were calcu- 
lated for each 10-minute interval of the 61 hours of 
total observation time. Portions of movement records 
that could not be analyzed because of technical prob- 


lems or patient interruption made up 5.1% of the total 
study time. 

Each of the three fetal behavioral state variables 
(body movement, eye movement, and FHR pattern) 
were analyzed separately for condition (parameter for 
presence or absence of body and eye movement; for 
heart rate patterns A through D) with the use of a 3- 
minute moving window advanced in half-minute steps.’ 
The result of this procedure was a profile that shows 
the changes of each variable between its possible con- 
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ditions (parameters). The three behavioral state vari- 
ables were then analyzed simultaneously to identify ep- 
ochs in which the parameters of all three were present 
in the previously defined combinations.’ Periods during 
which the parameters of the behavioral state variables 
were present in the previously defined combinations 
were called periods of coincidence 1F to 4F, respec- 
tively. To accept the presence of behavioral states, the 
defined combinations of the behavioral state variables 
had to persist =3 minutes without interruption and 
transitions from one of the specified combinations to 
another had to be completed within a maximum of 3 
minutes. Portions of fetal eye movement records that 


could not be analyzed because of technical problems — 


made up 6.0% of the total study time. 

Results are presented as means and SE (+ SEM). Sta- 
tistical significance between groups for the 10 minutes 
before and the 2 hours after the stimulation or the 
control period was determined by a two-way analysis 
of variance that compared overall means and each of 
the 10-minute intervals.° 


Results 


Fetal behavioral states. An example of the changes 
in fetal behavioral states after external vibratory stim- 
ulus is shown in Fig. 1. All fetuses were in state 1F 
(quiet sleep state) before application of the stimulus or 
the control period. The mean incidence of coincidence 
1F (quiet sleep state) decreased to 18.6% + 7.5% (SEM) 
during the first 10 minutes after stimulation, which was 
significantly lower than 76.4% + 8.9% after the control 
period (analysis of variance, p < 0.01) (Fig. 2). The 
percentage of time spent in the quiet sleep state re- 
mained below control values up to 20 minutes after the 
5-second vibratory stimulus (Fig. 2). The mean inci- 
dence of fetal eye movement was 71.4% + 10.9% dur- 
ing the first 10 minutes after vibratory stimulation and 
remained above control values (5.0% + 2.0%) for 20 
minutes (analysis of variance, p < 0.01) (Fig. 3). Simi- 
larly, the mean incidence of coincidence 2F (rapid-eye 
movement sleep state) increased up to 65.0% + 11.1% 
immediately after the stimulus was applied and re- 
mained significantly above control values for the first 
20 minutes after vibratory stimulation (analysis of vari- 
ance, p < 0.01) (Fig. 3). 

In 12 (85.7%) fetuses, fetal behavioral states changed 
from a quiet (1F) to an active (2F) sleep state imme- 
diately after stimulus, two (14.3%) fetuses had isolated 
FHR accelerations without a shift in behavioral state, 
and one fetus changed to an indeterminate state char- 
acterized by the presence of continuous gross fetal body 
movement and small-amplitude FHR accelerations. 
The mean transition time from the time the minishaker 
was applied on the maternal abdomen to the onset of 
state 2F (FHR, pattern B; gross fetal body movement, 
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present; fetal eye movement, present). was 3.1 + 1.5 
minutes after stimulation, which was significantly lower 
than after the control period (23.9 + 4.0 minutes) 
(p < 0.001) (Fig. 4). 

FHR and fetal activity patterns. The mean 10- 
minute mean minute range was 29.4 + 4.1 msec before 
stimulation. After vibratory stimulation, the mean 10- 
minute mean minute range increased to 54.7 + 7.0 
msec during the first 10 minutes after application of 
the stimulus and remained above the control value 
(34.0 + 4.6 msec) for 20 minutes (analysis of variance, 
p<0.01). No significant change in the mean basal 
FHR was found after square wave vibratory stimulation 
(control value, 135 + 2 beats/min). Fig. 5 shows that 


there was an immediate and sustained increase in both 


the mean number of FHR accelerations and the mean 
number of gross fetal body movements during the first 
20 minutes after vibratory stimulation, as compared 
with the control period (analysis of variance, both 
p < 0.01). 

It is important to note that all biophysical variables 
including FHR, FHR variability, gross fetal body move- 
ment, fetal eye movement, and the time spent in the 
different behavioral states followed similar patterns in 
both stimulus and control groups between 20 and 120 
minutes after either the control period or application 
of the stimulus (Figs. 2, 3, and 5). Also, the maximum 
values in these variables after stimulation was not ex- 
cessively high, as compared to the maximum values 
after the control period (Figs. 2, 3, and 5). 


Comment 


The 5-second external vibratory stimulation (100 Hz, 
square wave) used in this study was associated with 
significant changes in human fetal behavioral states at 
term. There was a transition from a stable quiet sleep 
state (1F) to a stable active sleep state (rapid eye move- 
ment sleep, 2F), within 3 minutes after the application 
of this stimulus on the surface of the maternal abdo- 
men. These changes in fetal behavioral states persisted 
for 20 minutes and did not exceed the maximum time 
spent in an active sleep state after spontaneous tran- 
sition from state 1F to state 2F after the control period. 
There also was an immediate and sustained increase in 
long-term FHR variability and in the number of FHR 
accelerations and gross fetal body movements during 
the first 20 minutes after stimulation, without changes 
in basal FHR, which confirms previous observations.* 

Behavioral states in healthy term newborns alternate 
between state 1 (quiet sleep) and state 2 (rapid eye 
movement sleep).’*"! At the time of feedings, there is 
a shift from state 2 to state 3 (quiet wakefulness) and 
ultimately to state 4 and state 5 (wakefulness and crying, 
respectively)."" The well-organized pattern of these 
spontaneous and progressive changes in newborns is 
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Fig. 3. Mean incidence of fetal eye movements and mean incidence of coincidence 2F were plotted 
in 10-minute intervals before and after stimulation (-——) or control (- - - -). 
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Fig. 4. Mean transition time (-+SEM) from time vibratory stimulus (closed bar) or control (open bar) 


was applied to onset of state 2F is shown. 


believed to reflect the integrity of the central nervous 
svstem.'' Nijhuis et al.,' with-use of real-time ultraso- 
-nography, observed that fetuses of 36 week’s gestation 
had developed states that were, in their organization, 
fully comparable to the states originally described by 
Prechtl et al.'° in neonates. In contrast with the neo- 
nates, FHR pattern has been used as a state criteria 
because it can be easily recorded and four specific pat- 
terns can be clearly defined related to the four different 


fetal behavioral states. FHR pattern B, which is usually 
seen after vibratory stimulation (Fig. 1), has been de- 
fined as a wide oscillation band width with frequent 
accelerations during fetal movements that occurs dur- 
ing state 2F (rapid eye movement sleep).' Clinicians 
have recognized that.the presence of FHR accelerations 
associated with fetal movements (FHR pattern B, Fig. 
1) is a reliable indicator of fetal health.” 

Hutt et al., in a series of carefully designed exper- 
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Fig. 5. Mean number of FHR accelerations and mean number of gross fetal body movements were 


plotted in 10-minute intervals before and after stimulation ( 


iments, reported that acoustic broad-band signals (such 


as square wave pulses), at an intensity >90 dB sound 
pressure level could alter behavioral states in the 2- to 
3-day-old healthy newborn. Such stimulation applied 
10 cm from the newborn’s ear during quiet sleep state 
generally produced a “startle reflex” followed by a pe- 
riod of rapid eye movement sleep state or by waking.” 
In our study, although the stimulus used was vibratory 
rather than acoustic, similar changes in fetal behavioral 
states were seen (Figs. 1 and 3). Whether or not such 
stimulus, after being transmitted through maternal soft 
tissues, could be perceived as an acoustic stimulation 
by the fetus remains to be determined. Although not 
measured in the current study, it is also possible that 
the pressure applied against the skin by the minishaker 
is a clinically significant variable that will need to be 
addressed. 

Healthy human fetuses may take as long as 80 min- 
utes to demonstrate activity. To decrease the length 
of nonstress tests, external vibratory acoustic stimula- 
tion with an electronic artificial larynx has been sug- 
gested to increase FHR reactivity." However, it has 
been shown in the pregnant ewe that the fetus might 
be exposed to extremely high sound pressure levels 
(135 dB) during stimulation with the electronic artificial 
larynx.'® This might explain the excessive FHR and 
movement responses after stimulation with the elec- 
tronic artificial larynx, which is believed to reflect a state 
of fetal wakefulness.” * 

Human term fetuses that were exposed to vibratory 





) or control period (- - - -). 


stimulation underwent changes in behavioral states 
from a state of quiet sleep to an active sleep state that 
were similar to spontaneous changes seen in healthy 
newborns'! and were typical of a reactive nonstress 
test.'? This contrasted with the frequent occurrence of 
FHR pattern D (seen in wakefulness) characterized by 
large FHR accelerations often fused into sustained 
tachycardia after stimulation with the electronic arti- 
ficial larynx. Wakefulness state usually does not occur 
spontaneously after quiet sleep state in healthy term 
neonates." Therefore it is possible to hypothesize that 
the changes in fetal behavior seen after low-frequency 
vibratory stimulation are more physiologic than the 
profound changes in FHR and fetal movements that 
occur after stimulation with the electronic artificial 
larynx.” * ' i 

The mechanisms by which an external source ọf 
sound or vibration can alter human fetal behavior are 
unknown. The clinica] efficacy of such stimuli with re- 
gard ta the prediction of fetal outcome and a decrease 
in the length of nonstress tests remains to be deter- 
mined. , 


We thank Dr. J. Patrick for his interest in this work 
and Mrs. Maria de Sousa for her excellent technical 
assistance. 
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The effect of vibroacoustic stimulation on the nonstress test at 
gestational ages of thirty-two weeks or less 


Maurice L. Druzin, MD, Terri G. AEAEE MD, J. M. Hutson, MD, and 


Annette L. Bond, MD ` 
New York, New York 


The effect of vibroacóustic stimulation on the nonstress test at gestational ages of =32 weeks was studied 
in 15 patients who underwent a total of 316 nonstress tests starting at 20 to 25 weeks’ gestation. There 
were 168 nonreactive, nonstress tests that were followed by 3 seconds of vibroacoustic stimulation. The 
incidence of reactive nonstress tests after vibroacoustic stimulation was significantly increased after 26 
weeks’ gestation. This may have clinical applicability and may be related to functional maturation of the 


fetal auditory system. (Am J OBSTET GYNECOL 1989;161:1476-8.) 


Key words; Vibroacoustic stimulation, nonstress test, preterm delivery 


Fetal heart rate (FHR) accelerations have long been 
known to reflect fetal well-being. Vibratory acoustic 
stimulation has been used over the years to elicit FHR 


accelerations in an attempt to decrease the false- 


abnormal (nonreactive) nonstress test.*? Studies have 
shown that FHR accelerations in response to sound may 
reflect fetal well-being.* * This increase in heart rate 
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may be related to a change in fetal state. This has re- 
cently been described as a startle response of the fe- 
tus. ° Fetal scalp stimulation resulting in FHR accel- 
eration has been correlated with normal. acid-base 
status.” Recently, FHR accelerations in response to vi- 
bratory acoustic stimulation have been shown to be pre- 
dictive of fetal pH in labor." 

A recent study evaluated fetal accelerations in re- 
sponse to vibratory acoustic stimulation from 26 weeks 
to term and demonstrated what may be the normal 
neurodevelopmental status of the fetus.’ It has been 
shown that the response to vibratory acoustic stimula- 
tion is active as early as 24 weeks’ gotun when stud- 


- ied serially from 12 to 32 weeks." 


This study was undertaken to determine the effect 
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Table I. Results of nonstress tests followed by vibratory acoustic stimulation 





Estimated 
gestational 


age (wk) Total NSTs 





20-22 16 
22-24 21 
24-26 26 
26-28 30 
28-30 38 
30-32 37 
32-34 34 
34-36 38 

>36 76 
TOTAL : 316 


















Reactive NST 
after VAS 


Nonreactive 
NST 





15 (94%) 1 (7%) 
18 (86%) 3 (17%) 
23 (88%) 5 (22%) 
19 (63%) 17 (89%) 
18 (47%) 17 (94%) 
18 (49%) 18 (100%) 
23 (68%)) 22 (96%) 
14 (37%) 14 (100%) 
20 (26%) 19 (95%) 
168 116 








NST, Nonstress test; VAS, vibratory acoustic stimulation. The incidence of reactive nonstress tests after vibratory acoustic 
stimulation was significantly increased after 26 weeks’ gestation {p < 0.001). ` 


of vibratory acoustic stimulation on the fetus in terms 
of the nonstress test at gestational ages from 20 to 32 
weeks, 


Material and methods 


Fifteen patients underwent 316 nonstress tests start- 
ing at 20 to 25 weeks of gestation. Six patients were 
volunteers with no obstetric risk factors. Nine pa- 
tients underwent tests for preterm labor (n = 4), dia- 
betes (n = 2), preeclampsia (n = 1), incompetent cer- 
vix (n = 1), or third-trimester bleeding (n = 1). The 
nonstress test is performed with an external system to 
monitor fetal movement, uterine contractions, and 
FHR. Uterine activity and fetal movements are ob- 
tained with a tokodynamometer strapped to the ab- 
domen in conjunction with manual palpation of the 
uterus by the examiner. This method will register the 
frequency and relative duration bùt not the actual 
strength of the contractions. The patient is given an 


“event marker,” with which she can register perceived | 


fetal movements on the strip chart. Thus both the pa- 
tient and the examiner may record fetal movements. 
The FHR can be derived from ultrasonographic pho- 
nocardiogram, or abdominal ‘wall electrocardiogram 
signals. Ultrasonography will provide an adequate FHR 
tracing in up to 95% of the cases, while the success rate 
of the other two methods has been reported as 40% to 
60% of cases. 

A nonstress test is considered reactive (normal) if 
there are two accelerations of the FHR, =15 beats/min 
above the baseline, lasting at least 15 seconds, associated 
with fetal movement in a 20-minute period. 

A nonstress test is considered nonreactive (abnormal) 
if the above criteria are (1) not met within an initial 20- 
minute period and (2) not met after vibratory acoustic 
stimulation is performed in a consecutive 20-minute 
period. 

Vibratory acoustic stimulation was performed by us- 


ing a single 3-second vibratory acoustic stimulus over 
the fetal vertex with the use of a Western Electric model 
5C electronic artificial larynx. Sound pressure levels of 
this device measured at 1 m in air averaged 82 dB. 
Spectral analysis of the artificial larynx shows a fun- 
damental frequency of 80 Hz; harmonics ranging from 
20 to 9000 Hz are also observed. The fetal vertex was 
identified by Leopold maneuvers. In instances where 
the fetal position was unclear, ultrasonography was 
used to verify the location of the fetal vertex. FHR 
response was then observed after vibratory acoustic 
stimulation and the classification of the nonstress test 
was then determined. 


Results 


There were 168 nonreactive nonstress tests that were 
followed by vibratory acoustic stimulation applied for 
3 secorids. The incidence of reactive nonstress tests af- 
ter vibratory acoustic stimulation was significantly in- 
creased after 26 weeks of gestation (Table I). All neo- 
nates were appropriate for gestational age (>2800 gm) 
and all had 5-minute Apgar scores >8. One neonatal 
death was due to neonatal group B -hemolytic strep- 
tococcal sepsis. There were no congenital anomalies. 


Comment 


A variety of sound frequencies and levels have been 
used in fetal vibratory acoustic stimulation to obtain a 
FHR response. It is chought that lower frequencies may 
evoke fetal tactile vibrational responses, as well as au- 
ditory responses. It is also thought that high frequen- - 
cies (above 1500 Hz) have minimal vibratory influence 
and that a response i$ probably auditory in origin.” 
The study of two anencephalic fetuses revealed that 
there was no fetal response to vibratory acoustic stim- 
ulation in the anencephalic fetuses.'? These authors 
therefore concluded that the fetal response to vibratory 
acoustic stimulation is mediated by auditory mecha- 
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nisms. This position. is siupported by other investiga: 
tors. Our study supports the impression that fetal te- 
sponse. to vibratory acoustic stimulation occurs signifi- 
cantly rore frequently after 26 weeks’ gestation than 
before that gestational age. Recent’ studies suggest that 
therë miay bea threshold response to vibroacoustic stim- 
ulation.” Further studies are warranted to confirm this 
at variéus gestational ages. This finding may have clin- 
ical applicability and may be related to functiotial mat- 
uration of the fetal auditory system. 
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Effects of low-frequency vibration on human term fetuses 


Robert Gagnon, MD, John Foreman, PEng, Cora Hunse, RN, and John Patrick, MD 


London, Ontario, Canada 


Thirteen healthy pregnant women between 37 and 41 weeks’ gestational age were studied to examine 
effects of a 5-second external vibratory stimulus (100 Hz, square wave) on fetal heart rate, fetal breathing, 
and gross fetal body movement patterns. All fetuses were stimulated during an episode of low fetal heart 
rate variability (mean minute range =32 milliseconds for =5 minutes) lasting at least 5 minutes. There was 
an immediate and sustained increase in long-term FHR variability, number of FHR accelerations, and 
gross fetal body movements after stimulation. Fetuses made breathing movements more irregularly 

after vibratory stimulus. We hypothesize that external low-frequency vibratory stimulus, applied during 
episodes of low fetal heart rate variability, causes a change from a state of quiet sleep to a state of 
rapid-eye-movement sleep in healthy term fetuses. (Am J OssteT GYNECOL 1989;161:1479-85.) 


Key words: Effects of vibration on human fetuses; human fetal behavioral states; 


proprioceptive fetal sensory receptors 


External stimulation of human fetal sensory recep- 
tors with sound! or vibratory acoustic stimulation” * has 
been suggested as a method of assessment of human 
fetal health. Fetal heart rate (FHR) responses to a pure- 
tone sound stimulus have been reported to be unpre- 
dictable and possibly dependent on the behavioral state 
at the time of the stimulus.’ Although vibratory acoustic 
stimulation with an electronic artificial larynx can re- 
producibly alter FHR and fetal movement patterns 
during third trimester,” * it is not yet clear whether the 
stimulus influences human fetuses by auditory or vi- 
brational pathways. 

The purpose of this study was to define, in a group 
of healthy fetuses at term, changes in fetal heart rate, 
fetal breathing, and gross body movements after a pure 
external vibratory stimulus applied during an episode 
of low FHR variability. 


Patients and methods 


Patients. Informed consent was obtained from 14 
pregnant women between 37 and 41 weeks’ gestational 
age. All remained in good health and had normal term 
deliveries that confirmed gestational age and the good 
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health of fetuses studied. The average gestational age 
at delivery was 40.5 + 0.2 weeks (SEM). The average 
weight of the fetuses at birth was 3765 + 118 gm. The 
average 5-minute Apgar score was 9.2 + 0.1. No Apgar 
score was <9 at 5 minutes. Umbilical cord blood arterial 
samples were obtained at birth in 12 of the 14 fetuses. 
The mean umbilical arterial Po, was 16.1 + 1.2 mm 
Hg, the Pco, was 54.7 + 3.2 mm Hg, and the pH was 
7.27 + 0.02. Three (21%) women were delivered by 
cesarean section (two because of failure to progress and 
one because of a footling breech presentation at the 
onset of labor). Thirteen fetuses were in vertex pre- 
sentation and one was in breech position at the time of 

delivery. l 

Experimental design. The women received a stan- 
dardized 800 kcal breakfast or lunch at 8 Aam or 12 
noon, All studies began 30 minutes later and were con- 
ducted in a quiet room with the patients either sitting 
upright in bed or resting in a lateral recumbent posi- 
tion. Women were asked not to smoke for at least 4 
hours before the studies. Smoking or food intake by 
patients or observers was not permitted during the 
studies. 

The external vibratory stimulus used in this study 
was generated with a model 4810 minishaker (Bruel 
and Kjaer, Copenhagen) matched with a minishaker 
power amplifier (Department of Mechanical Engineer- 
ing, University of Western Ontario). A real-time, two- 
channel Fast Fourier Transform analyzer (model SP- 
20, Signology, Campbell, Calif.) having two input and 
one output channels was used. The digital output of 
the built-in signal generator was adjusted to generate 
a square wave of 100 Hz during 5 seconds. The qual- 
ity and the amplitude of the signal generated by the 
Fast Fourier Transform analyzer and received by the 
minishaker were simultaneously recorded on-line with 
the two input channels. This procedure allowed us to 
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Fig. 1. Relationship between amplitude of vibration (decibels) and frequency of vibration (hertz) 


produced by minishaker (square wave, 100 Hz). 
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Fig. 2. Example of increase in FHR accelerations and fetal movements after application of a 5- 
second vibratory stimulus (S) during episode of low FHR variability. 


apply a reproducible stimulus on the surface of the 
maternal abdomen. 

The surface of the minishaker in contact with the 
maternal abdomen was 9.6 cm?, which was approxi- 
mately twice the moving surface of the electronic ar- 
tificial larynx (4.9 cm’). The surface of the instrument 
vibrated at a fundamental frequency of 100 Hz with 
multiple harmonics up to 4000 Hz, which are, by def- 
inition, the frequency components of a square wave 
(Fig. 1). The maximum force of vibration was 48 dB 
at 100 Hz (equivalent to an absolute force of 4.35 x 
10-3 N; measurements made on the surface of the 


source with a model 086B80 impedance hammer, PCB 
Electronics, Boston; Fig. 1). A similar spectrum of vi- 
bration (maximum force of 45 dB at 100 Hz) is pro- 
duced by the electronic artificial larynx.® 

All patients had been acclimatized by touching the 
surface of the activated minishaker with a hand before 
the beginning of studies. Women were studied contin- 
uously for 4 hours. Episodes of low FHR variability 
(mean minute range of =32 milliseconds for =5 min- 
utes) were automatically detected on-line by a Sage II 
microprocessor (Sage Technology, Reno) as previously 
described.” ° 
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Fig. 3. Mean basal FHR (+SEM) and mean 10-minute mean minute range were plotted in 10- 
minute intervals before and after stimulus (solid squares) or control (open squares). 
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Fig. 4. Mean time spent in accelerations and mean number of FHR accelerations were plotted in 
10-minute intervals before and after stimulus (solid squares) or control (open, squares). 


During the first and second episodes of low FHR 
variability, the minishaker was placed on the surface of 
the maternal abdomen over the fetal head. Each fetus 
received one 5-second vibratory stimulus during either 
the first or second episode of low FHR variability of at 
least 5 minutes’ duration. Patients were informed that 
the stimulus might or might not be activated during 
the two times that the instrument was placed on the 
abdomen. The choice of whether to stimulate the ab- 
domen during the first or second episode of low FHR 
variability was made from random number tables. The 
time at which the instrument was applied but no vi- 
bratory stimulus was administered was considered the 
control period. All women received only one stimulus 
to the abdomen during individual studies and were 
observed for at least 30 minutes after control and 
stimulus. 

One healthy fetus did not demonstrate any episode 
of low FHR variability after 4 hours of continuous ob- 
servation and was excluded from further analysis. 

FHR measurements. The FHR was recorded with a 


Hewlett Packard model 8040A external monitor (Hew- 
lett Packard GmBH, Boeblinger, Federal Republic of 
Germany) with a compact transducer and analyzed on- 
line by a Sage II microprocessor (Sage Technology) as 
previously described.” è During analysis, a baseline was 
fitted to the heart rate record and episodes of low (mean 
minute range $32 milliseconds for =5 minutes) and 
high (mean minute range >32 milliseconds for =5 min- 
utes) FHR variability were recognized and updated au- 
tomatically every 5 minutes.® FHR accelerations of =10 
beats/min for =15 seconds above the baseline’ were 
automatically detected. 

For each 10-minute interval the basal FHR (beats per 
minute) and the mean minute range (milliseconds) 
were calculated. 

Measurements of fetal activity. Fetal breathing 
movements and gross fetal body movements were mea- 
sured with a real-time ADR ultrasonographic scanner 
(model 2130, Advanced Diagnostic Research Corp., 
Tempe, Ariz.) and analyzed on-line in 10-minute in- 
tervals with a PDP 11/34 minicomputer (Digital Corp., 
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Fig. 5. Percentage of time intervals during which fewer than two FHR accelerations of =10 
beats/min (10 bpm) and of =15 beats/min (15 bpm) for =15 seconds occurred was plotted for all 
fetuses before and after stimulus (solid squares) or control (open squares). 
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Fig. 6. Mean number and mean incidence of gross fetal body movements were plotted in 10-minute 
intervals before and after stimulus (solid squares) or control (open squares). 


Toronto) as previously described.° The transducer op- 
erated at a frequency of 3.5 MHz with an average in- 
tensity of 0.045 mW/cm’. Individual gross fetal body 
movements and fetal breathing movements were iden- 
tified on a video monitor and coded with an event 
marker. The transducer was positioned over the ma- 
ternal abdomen to permit continuous observation of a 
longitudinal cross section of fetal chest and abdominal 
wall echoes.? 

Data analysis. The basal FHR, the number of FHR 
accelerations of =10 beats/min for =15 seconds above 
the baseline, the duration and amplitude of individual 
FHR accelerations, the total time spent in accelerations, 
and the mean minute range were determined for suc- 
cessive 10-minute intervals. All results are presented as 
means + SEM for successive 10-minute intervals dur- 
ing the 10 minutes before and the 30 minutes after 
stimulus or control. Portions of records that could not 
be analyzed because of FHR signal loss of >30% or 
patient interruption were not included. These portions 
made up 4.0% of total study time. 


Measurements of the percentage of time spent mak- 
ing gross fetal body movements, the percentage of time 
spent making breathing movements, and the frequency 
distribution of breath-to-breath intervals were calcu- 
lated for each 10-minute interval of the 25 hours of 
total observation time. Portions of movement records 
that could not be analyzed because of technical prob- 
lems or patient interruption made up 5.0% of total 
time. 

Statistical significance between groups before and af- 
ter stimulus or control was determined by using a 
mixed, nested analysis of variance comparing overall 
means and each of the 10-minute intervals’? with an 
HP 9845B microprocessor (Hewlett Packard, Com- 
puter Division, Fort Collins, Colo.). 


. Results 

Basal FHR and FHR variability. An example of the 
FHR response after a pure vibratory stimulus, during 
an episode of low FHR variability (mean minute 
range = 18 milliseconds) at 39 weeks, is shown in Fig. 
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2. The mean 10-minute mean minute range was 
25.6 + 2.3 milliseconds before stimulus. After vibra- 
tory stimulation, the mean 10-minute mean ‘minute 
range increased to 61.2 + 5.4 milliseconds during the 
first 10 minutes after stimulus and remained above con- 
trol for 30 minutes (analysis of variance, p < 0.001) 
(Fig. 3). No significant change in the mean basal FHR 
was found after square-wave vibratory stimulation 
(Fig. 3). 

Characteristics of FHR AES The mean to- 
tal time spent in accelerations per 10 minutes was 
29 + 14 seconds before stimulus and increased to 
149 + 14 seconds during the 30 minutes after stimu- 
lation compared with 52 + I1 seconds after control 
(analysis of variance, p < 0.001) (Fig. 4). Similarly, 
there was an immediate and sustained increase in the 
number of FHR accelerations from 0.9 + 0.4 during 
the 10 minutes before stimulus to 4.0 + 0.4 after vi- 
bratory stimulus (analysis of variance, p < 0.001) (Fig. 
4). No significant change was found in the mean am- 
plitude or the mean duration of FHR accelerations af- 
ter either stimulus or control (34.4 + 5.1 beats/min 
and 37 + 5 seconds, respectively). It was important that 
all fetuses (100%) had more than two FHR accelerations 
during the first 10 minutes after vibratory stimulation 
with either 10 or 15 beats/min for acceleration ampli- 
tudes compared with 50% and 35%, respectively, after 
control (Fig. 5). This suggested that at least 50% of the 
fetal responses were due to vibratory stimulus coni- 
pared with control. 

Gross fetal body movements. Fig. 6 demonstrates 
that there was an immediate arid sustained increase in 
both number and incidence of gross. fetal body move- 
ments from 1.6 + 0.3 and 1.5% + 0.8% before stim- 
ulus to 5.0 + 1.5 and 13.9% + 1.9% during the 30 
minutes after vibratory stimulus (analysis of variance, 
both p < 0.001)... 

Fetal breathing movements. Fetuses made breathing 
movements 26.9% + 8.0% of the time during the 10 
minutes before vibratory stimulation, and the incidence 
of breathing movements was not Significantly altered 
by stimulus compared with control. 

Fig. 7 demonstrates a histogram plot of thé mean 
percentage of total breath-to-breath intervals in suc- 
cessive 0.5-second increments in 12 fetuses during the 
10 minutes before control (n = 11) or stimulus (n = 
12) (Fig. 7, A) and in the same fetuses during the 30 
minute after control or stimulus (Fig. 7, B). There was 
a skewed distribution of breath-to-breath intervals with 
a peak at 1.0 to 1.5 seconds before and after control 
(Fig. 7, Aand B). However, during the 30 minutes after 
stimulus, there was a broad distribution of breath-to- 
breath intervals at 0.5 to 1.5 seconds without a well- 
defined peak (Fig. 7, B). This suggested that fetuses 
were breathing more irregularly after square-wave vi- 
bratory stimulation. 
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Fig. 7. Fetal breath- to-breath intervals were measured, and 
histograms of mean percentage of total breath-to-breath in- 
tervals in 0.5-sêcond increments were plotted for 12 fetuses 
during 10 minutes before (A) and 30 minutes after (B) stim- 
ulus (—-) or control ( - - - - ). There was a broad distribution 
of breath-to-breath intervals at 0.5 to 1.5 seconds without a 
well-defined peak after stimulus. 


Comment l 

. The results indicated that, ina group of healthy term 
fetuses, the patterns in the FHR.and fetal movement 
were significantly altered after a 5-second external vi- 
bratory stimulus (100 Hz, square wave) applied during 
an episode of low FHR variability. There was an im- 
mediate and sustained increase in long-term FHR vari- 
ability, number: of FHR accelerations, and gross fetal 
body movements. Analysis of fetal breathing intervals 
demonstrated a broader distribution of bréath-to- 
breath intervals after stimulus. No significant change 
was found in the basal FHR or the characteristics of 
FHR accelerations. 

In humans, Meissner’s and pacinian corpuscles (fun- 
damental frequency response beween 80 and 150 Hz) 
are thought to be the primary vibration-sensitive re- 
ceptors and are related to proprioceptive sensation. In 
healthy term newborns, proprioceptive reflexes can be 
elicited mainly in behavioral state 1 (quiet sleep)"; au- 
ditory response is best obtained in state 2 (rapid-eye- 
movement sleep) and state 3 (quiet wakefulness).'? No- 
ciceptive reflexes, elicited after stimuli such as tickling, 
scratching of the skin, and Babinski reflex, are state 
independent." Finally, auditory responses at high in- 
tensity (above 95 dB) are state independent." 

During a pilot study in our laboratories (Gagnon R, 
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et al., unpublished observations), no fetal response was 
found with the same vibratory stimulus during episodes 
of high FHR variability associated with FHR accelera- 
tions. Also, no response was found at frequencies above 
150 Hz. This suggested that vibratory (best stimulated 
in-quiet sleep) rather than auditory (best stimulated i in 
active sleep, fundamental frequency response 2000 Hz) 
sensory receptors were stimulated in the present study. 
Proprioceptive reflexes, which are. best obtained in 
quiet sleep state in newborns,!! might therefore also be 
preseg in healthy term fetuses. 

‘There is evidence that the nature of the stimulus may 
be important in obtaining a response in the human 
fetus and newborn. The spectral component of a square 


- wave is the superposition of multiple odd harmonics of 


a pure tone sine wave" (Fig. 1). Hutt et al. measured 
instantaneous heart rate and electromyographic re- 
sponses in upper and lower limbs to acoustic stimula- 
tion in term newborns. The best heart rate and elec- 
tromyographic responses occurred after a square-wave 
stimulus of 125 Hz, 75 dB. No consistent response 
was seen with a sine wave or at frequencies above 
500 Hz." Bernstein et al.” measured vibrotactile sen- 
sitivity thresholds from two profoundly deaf children, 
to sine-wave and square-wave vibratory stimuli, at fre- 
quencies between 20 and 160 Hz.. The deaf children 
had the same sensitivity thresholds only to square-wave 
vibratory stimulus, when compared with a group of 
children with normal hearing. 16 The authors suggested 
that square-wave’ vibrotactile stimulation may be po- 
tentially useful to assess’ neurologic function in pro- 
foundly deaf children.’ The lack of any correlation 
between congenital deafness and the FHR response to 
vibrotactile stimulation" also supports this suggestion. 

‘Similarly, we recently reported more consistent FHR 
and fetal body movement responses after square-wave 
vibratory stimulus (100 Hz, 48 dB) than after sine-wave 
stimulus of the same intensity (Gagnon R., etal., unpub- 
lished observations). This indicated that, as in new- 
borns" and children," the type of stimulus (square wave 
vs. sine wave) used might be important to predict hu- 
man fetal sensory responses to low-frequency vibration. 

The lack of any increase in basal FHR and duration 
of FHR accelerations after vibratory stimulus con- 
trasted with the sustained increase in basal FHR and 
large FHR accelerations (which we believe to be wake- 
fulness) after vibratory acoustic stimulation with the 
electronic artificial larynx. This suggested that the 
acoustic and vibratory components? of the electronic 
artificial larynx are important to elicit fetal responses 
to a mixed vibratory acoustic stimulus.*” 

Current data demonstrated an immediate increase 
in FHR variability, FHR accelerations, and fetal move- 
ments after vibratory stimulus. Fetuses also breathed 


r 
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more irregularly. Both FHR and fetal activity patterns 
were similar to rapid-eye-movement sleep in new- 
borns'? © and to state 2F in healthy term fetuses." 

These observations would be compatible with the hy- 
pothesis that fetuses have been changed from a state 
of quiet sleep to a state of -rapid- eye- -movement sleep 
as a result of. low- -frequency; square-wave vibratory 
stimulation. It is not.possible to determine whether the 
higher. frequencies (>1500 Hz) of the square-wave vi- 
bratory stimulus could be transmitted as an “auditory 
stimulus” available to the fetus. In the near future, 
using a miniaturized hydrophone to record intrauter- 
ine sound-pressure level at the time of vibratory stim- 


` ulation, we hope to be able to answer that question. 


Although human fetal responses to sound and vi- 
bration are potentially useful to assess fetal health? 3 
and, perhaps, fetal neurologic function,” it remains to 
be determined if human fetuses, during such stimuli, 
are exposed to higher intensities of sound or vibration 
than measured in air.’ 

If clinicians wish to shorten nonstress testing times 
to be certain that FHR accelerations and fetal move- 
ments are occurring, pure vibration applied during 
quiet periods might be preferable to the electronic 
artificial larynx, which causes a prolonged fetal 
tachycardia’ and shortens nonstress testing by only 4% 
minutes.” Determination of long-term neurobehavioral 
development after repeated stimuli with the electronic 
artificial larynx also is important before the electronic 
artificial larynx is suggested for use in clinical practice. 


We thank Mrs. Maria de Sousa for her excellent tech- 
nical assistance. 
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Nifedipine pharmacokinetics during preterm labor tocolysis 


James E. Ferguson II, MD,’ Thomas Schutz, BA," Robert Pershe, BS,° 
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Stanford, California 


Nifedipine, a calcium entry blocker, has known relaxing effects on the myometrium. Thirteen women in , 
preterm labor reċeived nifedipine for tocolysis. Blood samples obtained serially during treatment and at the 
time of delivery were assayed for maternal and neonatal nifedipine concentrations. The peak concentration 
of nifedipine during sublingual therapy ranged from 23.4 to 197.9 ng/mi and reflected substantial 
interpatient variability. The mean (+ SD) measurable trough value in patients who received 20 mg of 
nifedipine orally every 6 hours was 7.2 + 5.5 ng/ml. The maternal mean half-life of nifedipine was.81 
minutes (range 49 to 137 minutes). At delivery, neonatal nifedipine levels were nondetectable in 6 of the 
11 neonates available for study; in 5, values ranged from 29.5 to 1.8 ng/ml. From these results we - 
conclude that both sublingual and oral nifedipine treatment results in variable but usually measurable 
maternal plasma concentrations and that placental transfer of nifedipine occurs. (AM J OBSTET GYNECOL 


1989; 161:1485-90.) 


Key words: Preterm labor, nifedipine, pharmacokinetics, calcium entry blockers 


Preterm labor continues to complicate a significant 
number of pregnancies and contributes substantially to 
perinatal morbidity and mortality.' Although a variety 
of pharmacologic agents are currently used to treat 
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preterm labor, only the B- adreriergic agent ritodrine 
has a Food and Drug Administration—labeled indica- 
tion for such treatment.2 The use of B-adrenergic 
agents can be associated with undesirable side effects.’ 
Because of these potential side effects, we were 
prompted to study an alternate tocolytic agent. 

Calcium entry blockers, by virtue of their relaxing 
effects on the myometrium, show promise. Preliminary 
studies with nifedipine have suggested that the drug 
can inhibit labor while producing few apparent side 
effects.” i 

Although the pharmacokinetics of nifedipine have 
been studied in healthy subjects®” and in patients with 
various cardiovascular disorders,* there are no data 
available for pregnant women. Because of the clinical 
interest in nifedipine as a tocolytic agent, we sought to 
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define maternal peak values and the half-life of nifed- 
ipine and to determine if placental transfer of nifedi- 
pine occurs in patients undergoing preterm labor to- 
colysis. 


Material and methods 


Patients with preterm labor occurring between 20 
and 36 completed weeks of gestation were eligible for 
enrollment into. the study. Informed consent, as ap- 
proved by the Stanford University Committee for the 
Protection of Human Subjects in Research, was ob- 
tained from each patient. Preterm labor was defined as 
regular uterine contractions with a documented change 
in cervical dilatation or effacement after 20 weeks but 
before 36 completed weeks’ gestational age. Patients 
with these maternal factors were excluded: prior recent 
tocolytic exposure, diabetes, hyperthyroidism, cardiac 
disease, severe preeclampsia-eclampsia, abruptio pla- 
centae, choricamnionitis, multiple gestation, hydram- 
nios, and cervical dilatation >4 cin. Fetal distress, sus- 
pected intrauterine growth retardation, a dead fetus, 
or a fetal anomaly incompatible with life constituted 
fetal factors for exclusion. l 

The pharmacokinetic investigations in the present 
study were performed in a group of patients who were 
already part of an ongoing prospective, randomized 
clinical trial comparing nifedipine and ritodrine tocol- 
ysis. Patients selected by the randomization process to 
receive nifedipine gave additional informed consent for 
the extra phlebotomies required for the pharmacoki- 
netic studies. An intravenous infusion of 5% dextrose 
in lactated Ringer’s solution at 100 ml/hr was admin- 
istered to all patients after an initial 200 ml fluid bolus. 
Nifedipine tocolysis was initiated with a 10 mg capsule 
given sublingually; patients were instructed to bite the 
capsule between their molars and, if possible, to avoid 
swallowing to facilitate sublingual absorption. If uterine 
contractions persisted after 20 minutes, a similar dose 
was given. This pattern was repeated, if needed, up to 
a maximal total dose of 40 mg administered sublin- 
gually during the first hour of treatment. If sublingual 
tocolysis abolished the uterine activity, then oral ther- 
apy with 20 mg of nifedipine was initiated 6 hours after 
the last sublingual capsule. This dose was repeated at 
4- to 6-hour intervals or, if continuation of tocolysis was 
clinically indicated, occasionally at more frequent in- 
tervals. Tocolysis was attempted, for 48 hours when glu- 
cocorticoids were administered to patients with rup- 
tured membranes and through 36 completed weeks of 
gestation when the membranes were intact. If delivery 
was delayed beyond these intervals, tocolysis was con- 
sidered “successful.” Before and at 12 hours of treat- 
ment, an electrocardiogram was obtained on each pa- 
tient. Throughout the initial 24-hour period of treat- 
ment, patients remained in the left lateral decubitus 
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position and received nothing by mouth, except for sips 
of water with oral nifedipine. 

Fluid intake was limited to 2400 ml/24 hours, and 
records of total intake and urine output were made. 
Maternal blood pressure, pulse and respiratory rate, 
fetal heart rate, and uterine activity were recorded at 
frequent intervals. Serial laboratory evaluations were 
performed, and: the use of amniocentesis and steroid 
administration followed our standard practice as pre- 
viously described.? 

To facilitate blood’ sampling, a heparin lock. was 
placed in each patient participating in the pharmaco- 
kinetic studies. The heparin lock was maintained with 
1: 1000 sodium heparin solution and flushed at regular 
intervals. Five milliliters of blood was obtained before 
the first sublinguzl nifedipine dose and 20 minutes af- 
ter each sublingual dose given (before each subsequent 
sublingual dose). After the last sublingual dose, blood 
was obtained on an hourly basis until the first oral dose. 
These samples were used for a basis to determine the 
half-life of the drug. Patients receiving oral nifedipine 
had blood samples for nifedipine levels obtained at 4- 
to 6-hour intervals (immediately before each subse- 
quent oral dose) during the initial 24 hours of treat- 
ment. Occasionally (for instance, at the time of dis- 
charge from the hospital or when a patient was seen 
on an outpatient basis), blood was drawn for trough 
concentrations after the initial 24-hour study interval. 
Additionally, maternal and neonatal samples were ob- 
tained at the tiñe of delivery, and neonatal sampling 
was repeated at 12 and 24 hours of life. In one patient 
blood samples (maternal and neonatal) were drawn 
only at the time of delivery, not during initial sublingual 
or oral tocolysis. Blood samples were transferred to 
heparinized screw-top vials wrapped with aluminum 
foil (to protect against light degradation) and placed in 
a refrigerator. Within 24 hours, the samples were cen- 
trifuged and the plasma was placed in cold storage 
(20° C) until assayed. 

Plasnia nifedipine concentrations were measured by 
high-performance liquid chromotography with ultra- 
violet detection by means of a minor modification of 
the method developed by Raemsch and Sommer.’ The 
system consisted of a Waters model 6000A pump with 
an IBM 9505 autosampler and a Spectra-Physics 4290 
integrator. A 15 cm Waters NovaPak Cs columri was 
used and a Waters model 441 ultraviolet absorbance 
detector was operated at 254 nm and AUFS (absorbance 
units full scale) 0.005. The mobile phase was 55% meth- 
anol and 45% .0.05 mol/L monobasic potassium phos- 
phate (pH 3.0 by addition of 85% phosphoric acid). 
The flow rate was 1.0 ml/min. Extraction of 1.0 ml of 
plasma, 100 ng of the internal standard (nitrendipine), 
and 500 pl of 1 mol/L sodium hydroxide was done 
with 7.5 ml of ethyl ether and hexane (1:1, vol/vol). 
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The aqueous phase was frozen in a dry ice—acetone 
bath, and the organic layer was separated and evapo- 
rated at 37° C under a vacuum. The residue was re- 
constituted with 200 ul of the mobile phase and 100 pl 
was injected onto the chromatograph. All extraction 
and chromatographic procedures were performed un- 
der yellow light to prevent the photodegradation of 
nifedipine. 

A set of nifedipine standards was run along with each 
set of unknown samples. Normalized peak area ratios, 
derived from the standard curve, were used to calculate 
nifedipine concentrations in the unknowns. In general, 
the lower limit of the nifedipine assay was 5 ng/ml; 
however, in some cases, if the background noise in the 
chromatogram was <30% of the nifedipine signal, 
plasma concentrations of 1 to 2 ng/ml could be de- 
tected. The half-life of nifedipine was estimated by fit- 
ting the postpeak plasma concentration-versus-time 
data to a monoexponential function, by means of a 
weighted nonlinear regression analysis." 


Results 


Demographic data that relate to the study patients 
are depicted in Table I. None of the patients had a 
prior history or current evidence of hepatic impair- 
ment. The mean (+SD) peak concentration of nifed- 
ipine in the 12 patients in whom blood samples were 
drawn during sublingual therapy was 96.7 + 45.3 
ng/ml (range 23.4 to 197.9 ng/ml). Plasma concentra- 
tions from the study subjects obtained during sublin- 
gual dosing are presented in Fig. 1. Subjects generally 
had increasing plasma concentrations after each suc- 
cessive dose of sublingual nifedipine. Several patients 
(Nos. 3, 5, and 7), however, demonstrated nearly equal 
or lower values with each additional sublingual dose. 
The half-life (mean + SD) of nifedipine, calculated 
from plasma concentrations obtained hourly after the 
last sublingual dose but before the first oral dose, was 
81 + 26 minutes (range 49 to 137 minutes). 

Sublingual tocolysis was effective in 11 of 13 patients 
and they were subsequently treated with oral nifedi- 
pine. In 10 of these 11 patients trough values were 
determined routinely during the initial 24-hour study 
period. An every-6-hour oral dosing schedule was fol- 
lowed in 9 patients. Blood for the determination of the 
6-hour trough values during the initial 24 hours of 
treatment was therefore obtained in 27 instances. Mea- 
surable values were detected in 24 samples; the mean 
(+SD) for these values was 7.2 + 5.5 ng/ml (n = 24). 
The levels ranged between 1.5 and 21 ng/ml. Some 
drug accumulation seemed to occur in the remaining 
patient, who received her first oral dose 5 hours after 
the last sublingual dose, then an oral dose 5 hours later, 
followed by three oral doses at 4-hour intervals. The 
oral trough plasma concentrations for blood samples 
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Table I. Maternal characteristics 


Characteristic Value 





Age (yr)* 26.4 + 5.3 
Gestational age (wk)* 29.7 + 4.0 
Parity 

0 7/13 

>0 6/13 
Cervical dilatation 

=2 cm 10/13 

>2, <4 cm 3/13 
Weight (kg)* 66.5 + 10.9 
ROMt+ 6/13 





*Values are mean + SD. 
fRuptured chorioamniotic membranes. 


obtained during the 5-hour and subsequent 4-hour in- 
tervals from this patient were 34, 44, 48, and 57 
ng/ml. Additionally, four of the nine patients who were 
receiving 20 mg of nifedipine orally every 6 hours had 
a single trough plasma concentration determined be- 
tween 2 and 21 days after the initial pharmacokinetic 
studies. The values obtained 2 to 21 days later were 
5.9, 6.0, 7.0, and 5.7 ng/ml, compared with the cor- 
responding initial average 6-hour trough values of 5.4, 
3.9, 6.0, and 5.0 ng/ml. 

Neonatal and corresponding maternal nifedipine 
levels at the time of delivery are shown in Table II. In 
patients 1, 7, and 8, tocolysis failed and delivery oc- 
curred within 2, 5, and 3 hours, respectively, of the last 
maternal nifedipine dose. In the remaining 10 patients, 
nifedipine was discontinued either because the gesta- 
tion had been prolonged #48 hours in patients with 
ruptured membranes or beyond 36 weeks in patients 
with intact membranes or, in one instance, because a 
patient wished to withdraw from the study. As shown, 
delivery occurred at various intervals after the last ni- 
fedipine dose. The disposition of nifedipine could be 
determined in the neonate of patient 1 and neonatal 
levels at 12 and 24 hours of life were 13.6 and 10.4 
ng/ml, respectively, indicating a half-life of 26.5 hours. 
In the remaining 10 infants available for study, neo- 
natal nifedipine concentrations at 12 and 24 hours of 
life were nondetectable in six and not obtained in four 
neonates. The calculated fetal/maternal ratios for pa- 
tients 1, 3, 4, and 13 were 0.63, 0, 1.3, and 0.75, re- 
spectively. 


Comment 


To our knowledge, neither the disposition of nifed- 
ipine in pregnant women nor the concentration of drug 


` in neonates at the time of delivery has been previously 


reported. We have demonstrated that both sublingual 
and oral nifedipine administration results in variable 
but usually measurable maternal blood levels in patients 
receiving this drug for preterm labor tocolysis. Our 
results are consistent with previous studies in healthy 
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Fig. 1. Nifedipine concentrations for 12 patients receiving two, 
three, and four sublingual doses, respectively, as shown in 
panels A, B, and C. Arrows indicate approximate times of sub- 
lingual 10 mg nifedipine administration. Each curve ends at 
the corresponding patient's maximum measured concentra- 
tion, excepting the curves labeled 3, 5, and 7, which are unique 
in that concentrations remained the same or even fell during 
serial administration of the drug (these curves end at the first 
measurement after the final sublingual dose). 


volunteers and patients with hypertension, which like- 
wise demonstrated extreme interpatient variability in 
pharmacokinetic parameters including half-life, mag- 
nitude and timing of peak plasma concentrations, and 
trough levels.^® In these studies the interpatient vari- 
ability existed irrespective of whether the drug was ad- 
- ministered intravenously, orally (capsules or tablets), 
sublingually, or rectally. 

Although the exact cause of the large interpatient 
variations in measured peak plasma concentrations af- 
ter sublingual administration among the patients in this 
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study and other studies of nonpregnant patients is un- 
known, variations may be attributed to differences in 
the site and rate of absorption, extent of first-pass he- 
patic extraction, and rate of metabolism. It is generally 
accepted by investigators that sublingual nifedipine ab- 
sorption occurs and is rapid’; nonetheless, some con- 
troversy exists concerning the efficiency of nifedipine 
absorption through the buccal mucosa when compared 
with absorption from the stomach and intestine. In- 
deed, McAllister" suggested that sublingual absorption 
of nifedipine may be limited and that active absorption 
may occur only after patients swallow and the drug 
reaches the stomach. If so, interpatient differences in 
the length of time a “sublingual” dose is held in the 
mouth before swallowing may, by potentially delaying 
absorption, also contribute to the observed variability. 
Although nearly all of a swallowed dose is thought to 
be absorbed in the stomach and small intestine, Na- 
kashima et al. suggested that patients with “fast” and 
“slow” absorption exist and that they differentially ab- 
sorb nifedipine in the stomach and small intestine, re- 
spectively, accounting for further differences in the 
timing and magnitude of peak plasma concentrations. 
Additionally, Kleinbloesem et al. have identified the 
existence of an oxidative polymorphism regulating the 
metabolism of nifedipine. The majority of patients have 
been phenotypically classified as “rapid metabolizers”; 
approximately 20% are thought to be “slow metabo- 
lizers.” The differing rates of metabolism could also 
compound the interindividual differences reported. 
Direct comparison of pharmacokinetic parameters 
with other studies is difficult because pregnant women 
have not been previously studied and because differing 
dosages and routes of administration have been used 
in prior studies. Although the physiologic changes of 
pregnancy could have affected the absorption, distri- 
bution, metabolism, and excretion of nifedipine, the 
pharmacokinetic parameters we observed were similar 
when compared with those of nonpregnant patients. 
There are few data on the pharmacokinetics of nifed- 
ipine after sublingual administration. Raemsch and 
Sommer’ administered a single 10 mg dose of nifedi- 
pine sublingually to 10 fasting patients. Although 
this group of invest:gators also noted marked differ- 
ences in individual plasma levels, the mean plasma 
concentration-versus-time curves generated are re- 
markably similar when compared with the profiles ob- 
tained from patients in this study. Drug half-life has 
been previously determined after single intravenous 
bolus and single oral dose exposure in healthy volun- 
teers. Kleinbloesem et al. noted a mean half-life of 
1.7 + 0.4 hours in six male volunteers who had intra- 
venously received nifedipine, 0.015 mg/kg of body 
weight and a half-life of the same order for this same 
group of volunteers when a 20 mg capsule of nifedipine 
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Table IJ. Maternal half-life of nifedipine with simultaneous maternal (peripheral venous) and neonatal 
(umbilical venous) nifedipine concentrations at time of delivery 





Patient Maternal Cp 
no., tm * at delivery 
1 49 30 
2 73 Nd 
3 55 3.9 
4. 76 4.5 
5 82 + 
6 106 xX 
7 85 Nd 
8 106 X 
9 77 Nd 
10 137 Nd 
11 51 Nd 
12 77 + 
13 k 2.4 


Neonatal Cp Last dose 
at delivery (mg) 


Hourst 

19 20 2 
Nd 20 20 
Nd 20 8 

6.0 20 8 

+ + + 

4.8 20 15.5 
Nd 10 5 
29.5 20 3 
Nd 20 14.5 
Nd 20 17 
Nd 20 144 

+ + + 

1.8 20 14 





Cp, Plasma nifedipine concentration in nanograms per milliliter. Nd, Nondetectable nifedipine level. X, Blood for nifedipine 
assay not obtained. +, Infant outborn after 36 weeks of gestation (nifedipine had been discontinued and maternal and neonatal 


blood for nifedipine assay was not requested). 
*Maternal half-life (in minutes). 


tInterval (in hours) from the last maternal nifedipine dose to delivery. 
Maternal nifedipine concentration determined only at delivery, 


was given orally in the crossover phase of the study. 
Raemsch and Sommer,’ using similar methods, re- 
ported a half-life after intravenous treatment of 1.26 + 
0.55 hours in seven volunteers and approximately 2% 
hours after oral administration. The maternal half-life 
of 1.35 + 0.43 hours that we observed when postpeak 
plasma concentration-versus-time data were evaluated 
after successive 10 mg sublingual doses of two to four 
nifedipine capsules does not differ greatly from others 
reported, even though the dose, route of administra- 
tion, and physiologic milieu were different. The neo- 
natal half-life was quite long; however, comparative 
data are not available. Immature neonatal hepatic de- 
toxification mechanisms may be responsible for this 
finding. Raemsch and Sommer’ noted a mean nifedi- 
pine level of 17 ng/ml at 6 hours in five fasting vol- 
unteers who received 20 mg of nifedipine orally. This 
value is somewhat greater than the mean trough value 
of 7.2 ng/ml we obtained in nine patients receiving 20 
mg of nifedipine orally every 6 hours. 

We further demonstrated that there are no time- 
dependent changes in plasma trough concentrations in 
patients continuing the same oral dose of nifedipine 
for up to 21 days after the initial study period. This 
finding is in agreement with previous reports. Raemsch 
and Sommer’ studied nine male and female volunteers 
on an oral dosing regimen with 10 mg of nifedipine 
three times daily. They noted no change in the mean 
maximum or trough concentrations of nifedipine when 
concentrations on day 7 were compared with those of 
day 1. In this study involving pregnant women, there 
was also no apparent cumulative effect of nifedipine 
when administered orally in 20 mg doses every 6 hours. 


Because of the frequent need to administer oral tocol- 
ytic agents over a prolonged period of time, it is clin- 
ically useful to know this drug apparently may be given 
every 6 hours without fear of a cumulative effect. 
This study represents the initial documentation 
that nifedipine undergoes transplacental passage. The 
transplacental passage of verapamil has recently been 
reviewed." Given the similarities between these two cal- 
cium entry blockers, we were not surprised that nifed- 
ipine was detected in the fetal-neonatal circulation. Al- 
though substantial cord blood levels were noted in two 
patients in whom tocolysis failed and délivery occurred 
within 3 hours after a maternal nifedipine dose, neo- 
natal nifedipine levels were <6 ng/ml in all instances 
in which 25 hours had elapsed since the most recent 
maternal nifedipine dose. As expected, the highest neo- 
natal levels were found in newborns of mothers who 
had received the last dose of nifedipine in closest prox- 
imity to the time of delivery. Because neonatal nifedi- 
pine concentrations and fetal maternal ratios have not 
been previously determined in humans, only animal 
data are available for comparison. Harake et al.” in- 
fused 5 and 10 ug + kg™' + min”! of nifedipine to eight 
pregnant ewes. Fetal and maternal nifedipine levels 
(mean + SEM) during the 5 ug: kg~'- min7’ infusion 
rate were 29 + 5 and 110 + 12 ng/ml. After the 10 
wg infusion rate the respective values were 91 + 8 and 
267 + 35 ng/ml. Individual fetal/maternal ratios were 
not enumerated; however, the mean fetal/maternal ra- 
tios during the 5 and 10 yg infusion rates were 0.3 and 
0.4, respectively. Although the limitations in comparing 
transplacental passage in an animal model to that in 
the human are well known, the overlapping range for 
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the plasma concentrations (at the 5 wg infusion rate) 
and the fetal/maternal ratios is interesting to note. 


In summary, we have demonstrated that both sub- 


lingual and oral nifedipine treatment result in variable 
but usually measurable maternal plasma concentrations 
and that placental transfer of nifedipine occurs. 


We thank Marion I. Brown, MS, and the labor and 


delivery nurses at Stanford for their able assistance with 
this study. 
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Prediction of hematocrit decline after intravascular 
fetal transfusion 


Scott N. MacGregor, DO, Michael L. Socol, MD, Bruce W. Pielet, MD, John S. Shoil, MD, 
and Richard K. Silver, MD 


Chicago and Evanston, Illinois 


Fetal blood sampling and intravascular transfusion via cofdocentesis allow more precise fetal evaluation 
and treatment in isoimmunized pregnancies. However, the timing of repéat transfusion has remained. 
empiric. In this report we review our experience with fetal transfusions i in, isoimmunized pregnancies to 
evaluate the ability to predict fetal hematocrit decline and thereby determine the optimum timing for repeat 
transfusions. Between March 1986 and March 1988, 60 intravascular fetal transfusions were pérformed in 
20 patients. Fetal transiusions were excluded from analysis if blood samples were unable tò be obtained 


before and after transfusion, as well as at the beginning of the next trarisfusion or birth. Fifty-three 
procedures were añalyzed. Two equations were Used to predict the fetal hematocrit at the subsequent 
transfusion. Thé difference between observed and predicted hertiatocrits at the beginning of a subsequent 
transfusion or birth was —0.9% + 5.8% with equation 2, which was the more accurate formula in the 
majority of fetuses. Prediction of fetal hematocrit-decline may be used to détermine the optimum timing of 


repeat transfusion. (AM J OBsTET GYNECOL 1989;161:1491-3.) 


Key words: Fetal transfusion, isoimmunization, cordocentesis, fetal therapy 


Fetal blood sampling and intravascular transfusion 
via cordocentesis allow more precise fetal evaluation 
and treatment in pregnancies complicated by blood 
group isoimmunization.'* Fetal transfusion volume is 
determined by the severity of anemia, and the adequacy 
of therapy can be assessed by the posttransfusion fetal 
hematocrit. Despite these improvements in the man- 
agement of the severely isoimmunized fetus, the timing 
of repeat transfusion has remained empiric. In this 
report we review our experience with fetal transfusions 
in isoimmunized pregnancies to evaluate the ability to 
predict fetal hematocrit decline and thereby determine 
the optimum timing for repeat transfusions. 


Material and methods 


Between March 1986 and March 1988, 60 intra- 
vascular fetal transfusions were performed in 20 pa- 
tients with gestational ages between 21 and 35 weeks. 
Ultrasonography-guided intravascular transfusions 
were performed with methods previously described 
with a few modifications. A detachable needle guide 
is no longer used and maternal administration of sed- 
atives has been replaced by the intravenous infusion of 
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pancuronium bromide (0.05 to 0.1 mg/ kg) to the fetus 
after needle tip, placement into the umbilical vein. 

Transfusioris were performed with cytomegalovirus- 
negative, frozen, washed, packed red blood cells cross- 
matched against maternal blood: Transfusion volumes 
ranged from’ 30 to 110 ml. Three minutes after com- 
pletion of thé transfusion, fetal blood was sampled for 
the posttransfusion hematocrit with the first 0.5 to-1.0 
ml aliquot of this sample being discarded. The needle 
was left within the umbilical vessel during this- period 
of donor-fetal blood mixing to avoid needle. teplace- 
ment. The desired fetal hematocrit after transfusion 
was approximately 45%, on the basis of the upper limits 
of normal fetal hematocrit between 26 and 30 weeks’ 
gestation. ‘In those fetuses transfused either before 26 
weeks’ gestation or after 30 weeks’ gestation, the de- 
sired posttransfusion hematocrit was slightly <45% or 
>45%, respectively. The pretransfusion and posttrans- 
fusion fetal hematocrits, as well as that of the donor 
blood, were determined with a Coulter S- -IV or S-VI 
electronic cell counter (Coulter Electronics Inc:, Hi- 
aleah, Fla.). © ë 

Fetal transfusions were excluded from analysis if 
blood samples were unable to be obtained after trans- 
fusion, as well as at the beginning of the next trans- 
fusion or birth. Fifty-three procedures were analyzed. 
Seventeen of the 20 patients were rhesus sensitized and 
47 of the 53 transfusions were performed in these preg- 
nancies. Kell, c, and E isoimmunization each compli- 
cated one pregnancy and thé remaining six transfu- 
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Table I. Gestational age distribution at the 
time of fetal intravascular transfusion . 









Gestational . 





ape (wk) . „Interval 1 Interial 2 eo 
<24 3 l 
24-27 9 ; 9 
28-30 . 7 11 
>30 1 12 
TOTAL ` . 20 ‘ -33 





Table II. Differences between observed and 
predicted , hematocrits at the subsequent 
transfusion or birth 





Observed-predicted 
hematocrit. 
(mean + SD) 


Transfusion interval 





Interval 1 (n = 20) . ' 
—3.5-31.4 


Equation 1* 9.8 + 9.3 

Equation 2 ~3.6 + 7.8 —14.1-13.9 
Interval 2 (n = 33) rn f 

Equation 2 0.5 + 3.5 — 8.0-8.0 
Interval l + 2 ; 

(n = 53) . 

Equatiọn 2 ~0.9 + 5.8 —14.1-13.9 


*p < 0.05. 


Table III. Differences between observed and 
predicted hematocrits at subsequent — 
transfusion or birth in interval.1 subgroups 





Observed-predicted 
hematocrit 
(mean + ‘SD) 





Fetal hydrops 
Present (n = 5) 


Equation Í — 6.4-9.4 
| Equation 2, ~6.4 + 6.6 ~11.2-4.6 
Absent (n = 15) ; i 
Equation 1* 11.6 + 9.4 ~3.2-31.4 
. „Equation 2 -2.9 + 7.9 —14.1-13.9 
Fetal red blood cellst 
<10% (n = 10) 
Equation 1 5.4 + 6.8 — 8.5-21.0 
Equation 2 -5.6 + 7.1 ~14.1-7.0 
>10% (n = 10) i 
Equation 1* 14.1 + 9.5 —3.2-31.4 
Equation 2 7 L7 + 80 —12.2-13.9 


*At subsequent transfusion or birth by Kleihauer-Betke 
testing. 
tp < 0.05. 


sions were performed in these patierits. Gestational age 
assessment was based on menstrual dates and early ul- 
trasonographic examinations. Fetal weight was esti- 
mated by ultrasonography-derived growth parameters 
obtained at each transfusion,® ê 

_ Two transfusion intervals were indentified: interval 
1 between the first and second transfusions (n = 20) 
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and interval 2 between subsequent transfusions or birth 
(n = 33). The hematocrit of either the fetal blood sarh- 
ple obtained at the beginning of the next transfusion 
or the umbilical cord blood sample obtained at birth 
was predicted with the following equations: 


Het pred = = Het £ - i x (EEW1/EFW2) x 
(120 — Days)/120 (Equation 1) 
Het pred = Het f.x (EFW1/EFW2) x 


(120 ~ Days)/120 (Equation 2) 


where Het pred’ is the predicted hematocrit at the sub- 
sequent transfusion or birth, Hct £ — i is the final hé- 
matocrit minus the initial hematocrit at. the index trans- 
fusion, Hcr'f is the final hematocrit at the index trans- 
fusion, EFW1 ‘is the ultrasonographically estimated _ 
fetal weight at the index trarisfusion, EFW2 is the ul- 
trasonographically estimated fetal weight at the sub- 
sequent transfusion, and days is the number of days 
between the index and subsequent transfusion or birth. 
These eqiiations assume that donor red blood cell sur- 
vival in, the fetal circulation is 120 days. In addition, 
equation 1 assumes that between the first and second 
transfusions few, if ariy, of the fetal red blood cells will 
survive. : 

. The observed and predicted hematocrits: -at the be- 
ginning of-a subsequent transfusion or birth were:com- 
pared. Hematocrits were predicted with both equations 
l and 2 for the interval 1 transfusions. Since only two 
(6%) of the interval 2 transfusions had >10% fetal red 
blood cells (determined by Kleihauer-Betke testing) re- 
maining at the subsequent ttansfusion or birth, he- 
matocrits were predicted with only equation 2 for the 
interval 2 transfusions. 

Interval. 1 transfusions were further divided into 
those witli presence versus absence of fetal hydrops. and 
fetal red blood cells <10% versus >10% at the subse- 
quent transfusion or birth. Observed and predicted he- 
matocrits also were compared in these subgroups. Com- 
parisons were performed with the paired / test with 
statistical significance assumed at p < 0.05. 

Results 
_ Gestational age distribution at the time of transfusion 
is summarized in Table I. The mean interval between 
subsequent transfusion or birth was 16.0 + 6.4 days; 
the mean intervals in the interval 1 and interval 2 groups 
were 12.5 + 3.9 anid 17.7 + 6.7 days, respectively. 

The differences between observed and predicted he- 
matocrits at the beginning of a subsequent transfusion 
or birth are shown in Table II. Thé mean differences 
for interval 1 transfusions were 9.8% + 9.3% with 
equation 1 and -3.6% + 7.8% with equation 2. For 
interval 2 and all (interval 1 plus interval 2) transfu- 
sions, the mean differences were only 0.5% + 3.5% 
and —0.9% + 5.8%, respectively, with equation 2. The 
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predicted hematocrits were only significantly different 
from those observed only for the interval 1 transfusions 
when equation 1 was used. The mean decline in he- 
matocrit per day between subsequent transfusion or 
birth was 1.3% + 1.1%; the mean declines in hemat- 
ocrit per day for the interval 1 and interval 2 groups 
were 1.5% + 1.6% and 1.2% + 0.6%, respectively. 

Comparisons of the differences between observed 
and predicted hematocrits among the interval I sub- 
groups are summarized in Table HI. If fetal hydrops 
was present at the initial transfusion or <10% fetal red 
blood cells remained at the subsequent transfusion or 
birth, equation 1 and équation 2 were comparable. 
Otherwise, equation 2 more accurately predicted the 
subsequent hematocrit. 


Comment 


Prediction of fetal hematocrit decline after intravas- 
cular transfusion i is subject to systematic errors as well 
as variation among different fetuses. For example, a 
preyious case réport suggested that life span of trans- 
fused adult cells may be shorter in the isoimmunized 
fetus (approximately 100 days) than in adults (approx- 
imately 120 days).’ Further studies are required to con- 
firm this observation. Additionally, estimation of fetal 
weight by ultrasonographic parameters may introduce 
error. Finally, the severity of the fetal hemolytic anemia 
is variable’ even in those fetuses ‘with similar blood 
group isoimmunization. The assumption that few fetal 
red blood cells survive after the first transfusion (equa- 
tion 1) may be correct only in the most severely affected 
fetuses. Indeed, half of the fetuses in the interval | 
subgroup had >10% fetal red blood cells at subsequent 
transfusion or birth by Kleihauer-Betke testing. Despite 
difficulties involving interpretation and standardiza- 
tion observed with this test, it is ‘considered sensitive to 
0.01. 

Our data suggest that the simple Foni evaluated 
help to predict the decline i in fetal hematocrit and de- 
termine the optimum timing of repeat transfusion. 
This i is most evident in interval 2 because by this time 
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the fetal red blood cells have essentially all been re- 
placed by donor red blood cells in the fetal circulation. 


. Consequently, the decline in fetal hematocrit is depen- 


dent on the life span of the transfused blood cells and 
the rate of fetal growth rather than the hemolysis that 
is secondary to isoimmunization. The interval between 
first and second transfusions (interval 1) is more prob- 
lematic because of the unpredictable hemolysis of the 
remaining fetal red blood cells. In thosé fetuses with 
more severe hemolytic anemia few fetal red blood cells 
will survive the transfusion interval. However, because 
the rate of hemolysis of the remaining fetal red blood 
cells is variable and ‘cannot be controlled: for, it will 
always be more difficult to predict the hematocrit de- 
cline in interval 1 than in interval 2. Nonetheless, these 
simple formulas ofter an alternative to empiric decision 
making. 
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Effect of acute intravascular volume expansion on human fetal 


prostaglandin concentrations 


Carl P. Weiner, MD," and Jean E. Robillard, MD" 


I owa City, Iowa ` 


Direct fetal intravascular transfusion is well tolerated by the human fetus. However, the rapid transfusion of 
high-hematocrit blood should increase vessel distention and the flow shear force. Each is known to 
stimulate the release of prostacyclin. We measured prostaglandins E, and F} and the stable metabolite of ` 
prostacyclin, 6-keto-prostaglandin F,,, by radioimmunoassay before; at. the estimated midway point of, and 
at the completion of 40 umbilical venous transfusions performed because of immune hernolytic anemia. 
Umbilical venous pressures correctéd for amniotic fluid pressure were measured at similar intervals during 


nine of the procedures. The mean (+: SEM) length of-gestation at transfusion was 29 + 1 week, opening - 
hamatocrit 23% + 1%, and total volume of 70% hematocrit red blood cells transfused 83 + 5 mi. 
6-Keto-prostaglandin F,,, was the principal circulating fetal prostanoid and its concentration: was unrelated 
to gestational age. Intravenous: transfusion was associated with an 84% increase in 6- -ketọ-prostaglandin 
Fia (p = 0.03) and a 68% increase in prostaglandin E, (p < 0.05). The rise for each strongly correlated 
with the rise in the fetal umbilical venous pressure (6-keto- -prostagiandin:F,,, r = 0.94, p = 0.0005; 
prostaglandin Ez, r = 0.81, p <0. 03). We conclude that 6-keto-prostaglandin F,, is the. principal’ circulating 
prostaglandin in the human fetus and that the release of venodilator prostaglandins may te one reason 
the human fetus Can ‘tolerate a large j increase in iniraváscular volume without obvious sequelae; (Am J 
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The most frequently performed therapeutic fetal 
procedure i is an intravascular transfusion to treat im- 
mune hemolytic anemia. ‘Though transfusion is an ef- 
fective treatment for anemia, its effects on fetal hó- 
meostasis are not well documented. We have previously 
demonstrated that arginine vasopressin is reduced in 


the’ anémic ‘fetus before transfusion" and that atrial na- - 


triuretic factor and umbilical Venous pressure are 
greatly elevated in the fetus with immune hydrops.” * 
These observations suggest that the anemic fetus is in 
a state of relative hypervolemia. Thus it was surprising 
to observe that the fetal umbilical venous pressure 
increased only modestly during intravascular trans- 
fusion despite sometimes doubling the estimated fetal- 
placental intravascular volume.** The placenta likely 
contributes to stability as a high-capacitance unit, but 
other factors may þe involved. A variety of feat tissues 
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‘from humans and sheep are capable of producing 


large quantities of prostacyclin and prostaglandin E, 
(PGE,).®* Each can stimulate vasodilation at appropri- 
ate concentrations" and is released in response to an 
increase in shear force and perfusion pressure’ oc- 
curring simultaneously with vessel distention.’? Such 
changes might accompany a rapid infusion of packed 
red blood cells and trigger the release of prostacyclin 
and PGE.. In support of this possibility, we have ob- 
served that the umbilical artery systolic/diastolic ratio, 
resistance index, ‘and pulsatility index decline after 
transfusion.’* Others have noted a similar acute decline 
in Doppler-determined resistance of the renal, cere- 
bral, and femoral arteries after transfusion.‘ Thus we 
hypothesized that the fetus actively enhances vascular 
capacitance during intravascular transfusion by the re- 
lease of vasodilator prostanoids. To test this hypothesis, 
we measured the stable metabolite of prostacyclin (6- 
keto- -prostaglandin Fia 6-keto-PGF,,.), PGE, and pros- 
taglandin Fy, (PGF) before, during, and after com- 
pleting the tr ansfusion. 


Material and methods 

This investigation was approved by the Univer- 
sity Institutional Human Subjects Committee. Eigh- 
teen anemic fetuses underwent a total of 40 intra- 


‘vascular transfusions. Intravascular transfusions were 


performed as described previously” with a 5 MHz sec- 
tor transducer (model 3600, General Electric, Ran- 
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cho Mirage, Calif.), an attached needle guide (CIVCO 
Inc., Kalona, Iowa), and a 22-gauge needle (Beckton- 
Dickinson, Rutherford, N.J.). Each fetus received pan- 
curonium (0.3 mg/kg estimated fetal weight intrave- 
nously) for neuromuscular blockade and furosemide 
(4 mg/kg intravenously in two divided doses). The 
packed red blood cells were prepared from fresh type 
O-negative blood compatible with both mother and fe- 
tus, rendered buffy coat poor, irradiated, washed twice 
in normal saline solution, and resuspended in saline 
solution to yield a hematocrit of 70%. Adequate blood 
was infused over a 15- to 30-minute interval to give a 
closing hematocrit between 45% and 50%. Only the 
umbilical vein was used for transfusion and blood sam- 
pling. Blood specimens for hematocrit, venous blood 
gas parameters, 6-keto-PGF,,, PGE, and PGF» were 
aspirated before, at the estimated midway point of, and 
immediately after completing the transfusion. During 
nine of the procedures, the fetal umbilical venous pres- 
sure was recorded at the same sampling intervals. The 
interval between repeat transfusions was at least 3 
weeks. 

The fetal umbilical venous pressure was measured 
by connecting a saline solution—filled tube to a solid- 
state pressure transducer (Sorenson Transpac II, no. 
468626-04, supplied by Abbott Critical Care Systems, 
North Chicago) and pressure monitor (no, 78833B, 
Hewlett-Packard, Houston). The transducer was placed 
at the level of the fetal heart as determined during the 
preceding ultrasonographic examination. The identity 
of the vessel was confirmed by observing both the lack 
of a pulsatile pressure waveform on the monitor screen 
and the direction the infusate flowed on ultrasonog- 
raphy. At the conclusion of the procedure, the needle 
was withdrawn from the vein into the amniotic cavity 
where the amniotic fluid pressure was recorded. There 
was neither maternal perception nor sonographic evi- 
dence of uterine activity during the time the pressure 
measurements were made. The reported umbilical ve- 
nous pressures reflect subtraction of the amniotic fluid 
pressure from the umbilical venous pressure. 

The heparinized specimen, which provided a sample 
for both the blood gas measurements and the prosta- 
glandins, was placed directly onto wet ice. Blood gas 
values were measured immediately with automated 
equipment (model 1312, Instrumentation Laboratory, 
Pittsburgh). The pH, Pco, (millimeters of mercury), 
and Po, (millimeters of mercury) were measured di- 
rectly. Base deficit (milliequivalents per liter), bicar- 
bonate (milliequivalents per liter), and oxygen satura- 
tion (percent) were calculated by means of standard 
nomograms. 

The heparinized plasma sample was then quickly 
acidified with citric acid and the prostaglandins were 
isolated with a C,, solid-phase column (Bond Elut, An- 


Fetal prostaglandins and intravascular transfusion 1495 


alytichem International, Harbor City, Calif.) with ethyl 
acetate used as the eluting solvent. Once prostanoids 
are extracted, their concentration remains stable. Re- 
covery of tritiated prostaglandins was as follows: 6- 
keto-PGF,,, 71.8% + 1.7%; PGE., 75.1% + 1.1%; and 
PGF,,, 8.30% + 2.8%. The samples were taken to dry- 
ness and reconstituted in a mobile phase (water/ace- 
tonitrite/benzene/acetic acid, 772:225:2:1), clarified 
by microfiltration, and injected into the high-pressure 
liquid chromatography system (Waters free fatty acid 
HP column, 3.9 mm xX 15 cm). Recovery of tritiated 
prostaglandin by high-pressure liquid chromatography 
was: 6-keto-PGF,,, 72.8% + 0.3%; PGE, 71.6% + 
1.1%; PGF,,, 66.7% + 0.6%. Fractions containing each 
of the respective prostaglandins were,taken to dryness 
with argon and stored at — 20° C until assayed at mul- 
tiple volumes by highly specific and sensitive radioim- 
munoassays performed by the University of Iowa Car- 
diovascular Research Center Core Laboratory.’*"” 

All results are reported as the mean + 1 SEM. Be- 
cause of the small sample volumes, not all of the pros- 
tanoids could be measured for each transfusion. Ad- 
equate specimen to measure 6-keto-PGF,, and PGF, 
at each of the three sampling intervals was available in 
19 procedures and PGE, in 22 procedures. The effect 
of transfusion on the study parameters at each sam- 
pling interval was compared with a repetitive measures 
analysis of variance. When significant differences were 
identified, Scheffé’s test was applied. The relationship 
between the change in concentration of the three pros- 
tanoids during transfusion and gestational age, baseline 
hematocrit, change in hematocrit, and change in um- 
bilical venous pressure was investigated by least-squares 
multiple linear regression analyses. Differences yield- 
ing p = 0.05 were considered significant. 


Results 


There were no procedure-related complications and 
all fetuses have since been delivered uneventfully. The 
effects of intravascular tranfusion on the various study 
parameters are summarized in Table I. 

The mean length of gestation at transfusion was 
29 + 1 week (range 21 to 35 weeks). The opening he- 
matocrit ranged from 5.5% to 34%, and the total vol- 
ume of packed red blood cells infused ranged from 25 
to 160 ml. 

Levels of both 6-keto-PGF,, and PGE, rose signifi- 
cantly during the course of the transfusion (p < 0.04 - 
for each). PGF». remained stable. The three prosta- 
noids also were measured in aliquots obtained from 
four of the units of blood used for a transfusion. In all 
samples ihe concentrations of 6-keto-PGF,,, PGE», and 
PGF,, were less than the baseline concentrations and 
usually less than half. The umbilical venous pres- 
sure rose approximately 50% during the transfusion 
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Table I. Effects of intravascular transfusion on study parameters 





Baseline 
Volume infused (ml) 
Hematocrit (%) 2341 
6-Keto-PGF,, (pg/ml) 115.2 + 20 
PGE, (pg/ml) 64.7 + 11 
PGF,, (pg/ml) 60.9 + 25 
Umbilical venous pressure (mm Hg) 711 
pH f 7.39 + 0.006 
Pco, (mm Hg) 36.1 + 0.4 
Po, (mm Hg) 38.5 + | 
Bicarbonate (mEq/L) 22.3 + 0.3 
Base excess (mEq/L) ~15 + 0.4 
Oxygen saturation (%) 1641 





*p < 0.0001 from baseline. 
tp = 0.03 from baseline. 
tp < 0.05 from midinterval. 
$p = 0.005 from baseline. 
lp = 0.001 from baseline. 


(p < 0.0001). Though there were considerable differ- 
ences in the patterns of umbilical venous pressure re- 
sponses by the eight different fetuses (p < 0.01), in 
most who began the transfusion with an umbilical pres- 
sure in the normal range, the pressure remained within 
the normal limits (<10 mm Hg). 

The magnitude of the increase in 6-keto-PGF,, and 
PGE, was unrelated to either gestational age, initial or 
change in hematocrit, or total volume of packed red 
blood cells infused. However, the increase in 6-keto- 
PGI, did correlate with the increase in PGE, (r = 0.67, 
p = 0.003) and each of these venodilator prostanoids 
correlated strongly with the change in the umbilical 
venous pressure that occurred during transfusion 
(6-keto-PGF,,; r = 0.94, p = 0.0005; PGE», r = 0.81, 
p < 0.03). The change in umbilical venous pressure was 
unrelated to either the total volume infused (r = 0.20, 
p = 0.54) or the change in hematocrit (r = 0.38, 
p = 0.25). 


i 


Comment 


The rapid expansion of fetal intravascular volume 
by intravenous transfusion of high-hematocrit blood 
has numerous effects on fetal homeostasis other than 
correcting the anemia. We have previously demon- 
strated that, when preceded by the administration of 
pancuronium and furosemide, acute fetal volume ex- 
pansion with packed red blood cells (1) stimulates the 
release of atrial natriuretic factor? and (2) increases um- 
‘bilical venous pressure modestly‘ despite in some in- 
stances almost doubling the total fetal-placental intra- 
vascular volume.’ There are several potential expla- 
nations why the increase in umbilical venous pressure 
is not more dramatic after fetal volume expansion. 
First, the placenta may act as a low-pressure, high- 
capacity reservoir. Second, atrial natriuretic factor pro- 





Midinterval Closing 
42 +3 83+ 5 
35 + 1* 46 + |* 

154.0 + 28 211.6 + 41+ 

55.4 + 11 93.2 + 14 

38.1 + 6 43.9 + 10 
9.2 + 1.5 11.5 + 1.78 

7.36 = 0.009% 7.34 + ).008* 

36.4 + 0.7 35.5 + 0.7 

38.2 + 1 38.7 + 2 

20.9 + 0.5) 19.6 + 9.5% 

~3.3 + 0.5* —4.8 + 0.5* 

69.5 + 3 68 + 3 





duces vascular smooth muscle relaxation. Third, the 
fetal vasculature is capable of synthesizing and releas- 
ing a high concentration of PGE, and 6-keto-PGF,,.*° 
Each can produce vasodilation in a variety of vessel 
beds. The rapid infusion of packed red blood cells in- 
creases both the flow rate and the shear force, which 
in some systems can stimulate the release of these pros- 
tanoids.'* Further, PGE, itself can stimulate prostacyclin 
release.’* This release would complement the action of 
atrial natriuretic factor and increase the systemic ca- 
pacitance by venodilation. 

This study documents that, similar to the human 
abortus, 6-keto-PGF,, is the principal circulating pros- 
tanoid in the anemic fetus. It also demonstrates that 
intravascular transfusion stimulates a significant rise in 
the concentration of 6-keto-PGF,, and PGE, that is di- 
rectly proportional to the rise in the fetal umbilical 
venous blood pressure. The release of these agents, 
which can produce systemic and placental vasodila- 
tion,’ '' may explain the acute decline in Doppler- 
determined placental, trunk, renal, and cerebral resis- 
tance that occurs after intravascular transfusion.’ " 
Though a pharmacologic concentration of PGE, pro- 
duces umbilical artery constriction in vitro, the decline 
in the umbilical artery systolic/diastolic ratio with 
transfusion would suggest that constriction is not a 
factor in the circumstances studied. Hypoxia’? and 
acidosis” are unlikely explanations for their release 
since Po, and pH remained fairly constant. PGF,, de- 
clined during transfusion by an amount not inconsis- 
tent with dilution. 

This investigation used specific and sensitive radio- 
immunoassays although indomethacin was not used 
during sample collection. The measured levels are high 
but not dissimilar to those in prior studies of fetal pros- 
taglandins. It has been suggested that high plasma con- 
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centrations especially of 6-keto-PGF,, result from in- 
terfering plasma substances and that the 5-keto-PGF,, 
would be much lower if measured by another method 
such as mass spectrography.” However, the present 
study was longitudinal in design and there was little 
prostaglandin-like material in the transfused packed 
red blood cells. Thus the increases in 6-keto-PGF,, and 
PGE, are unlikely to be solely an artifact of the assay. 

These findings have clinical application. One com- 
mon problem either during or after transfusion is uter- 
ine irritability. If the release of prostacyclin and PGE, 
is an important adaptive mechanism for fetal adjust- 
ment to volume expansion, it would be unwise to use 
prostaglandin synthetase inhibitors either prophylac- 
tically before or therapeutically after transfusion. 

In conclusion, the human fetus responds to a variety 
of stimuli as early as 0.5 of gestation. In this study 
intravascular transfusion stimulated the release of ve- 
nodilator prostanoids, which may help stabilize the um- 
bilical venous pressure. 
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The effect of intravascular transfusion on umbilical venous 


pressure in anemic fetuses with and without hydrops 


Carl P. Weiner, MD, Gay D. Pelzer, RN, Joni Heilskov, RN, Katharine D, Wenstrom, MD, 
and Roger A. Williamson, MD 


Towa City, Iowa 


Human fetal umbilical venous pressure was measured during 20 intravascular transfusions performed for 
treatment of hemolytic anemia. The mean (+1 SEM) gestational age at the time of transfusion was 

29.3 + 1 weeks and the mean beginning hematocrit was 27% + 2%. The mean volume of infused packed 
red blood cells (70% hematocrit) was 90.3 + 7 ml. The mean hematocrit at completion of the procedure 
was 48% + 1%. In nonhydropic fetuses umbilical venous pressure rose progressively from 6.7 + 1mm 
Hg at the start of transfusion to 10.9 + 1 mm Hg at the completion of transfusion (po < 0.002). However, 
most fetuses who began the infusion with a normai umbilical venous pressure ended the transfusion with a 
normal umbilical venous pressure (<10 mm Hg). Fetuses with immune hydrops (n = 2) had elevated 
umbilical venous pressure values before the initiation of transfusion therapy when compared with the first 
transfusion of nonhydropic fetuses (12.5 + 0.5 vs. 5.7 + 1mm Hg, p = 0.01), However, the umbilical 
venous pressure measurements declined Into the normal range within 24 hours of the first transfusion; this 
normalization was too rapid to be explained by the reversal of liver hypertrophy or portal hypertension. 
There was no demonstrable relationship between the rise in umbilical venous pressure and either the 
gestational age, the volume transfused, or the rise in hematocrit. This study demonstrated: (1) In terms of 
the umbilical venous pressure, direct intravenous infusion of the human anemic fetus is well tolerated; (2) 
the elevated umbilical venous pressure associated with immune hydrops can correct rapidly with red blood 


call replacement. (AM J Osstet GYNECOL 1989;161:1498-501.) 


Key words: Cordocentesis, rhesus disease, umbilical venous pressure 


The fetal response to intravascular transfusion pro- 
vides valuable information concerning both the ontog- 
eny and the function of mechanisms involved with vol- 
ume regulation and the cause(s) of hydrops fetalis. It 


also provides information necesary for the develop- . 


ment of optimal methods of transfusion. 

There are presently two forms of fetal intravascular 
transfusion—direct and exchange. The advantage of 
a direct transfusion is that it is faster. By reducing the 
time for operator error, the overall morbidity also 
should be reduced. However, concern has been ex- 
pressed that direct transfusion might lead to volume 
everload and cardiac decompensation in an already 
stressed fetus.’ The observations that arginine vaso- 
pressin is lower in the anemic fetus than in controls? 
and atrial natriuretic factor is very high in the fetus 
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with immune hydrops* suggest that the anemic fetus 
has an expanded intravascular volume. On the other 
hand, we have previously reported that intravascular 
transfusion stimulates the release of atrial natriuretic 
factor’ and vasodilator prostanoids," Each could result 
in increased venous capacitance. This would be consis- 
tent with observations from our and other fetal therapy 
units that Doppler-measured resistance to blood flow 
in the umbilical, renal (Mari G, Moise K, Kirshon B, 
Carpenter RJ. Unpublished observations), femoral, 
and cerebral arteries declines transiently after intra- 
vascular transfusion.* © The effect of intravascular 
transfusion on the umbilical venous pressure of the 
anemic human fetus has not previously been reported. 
We hypothesized that a combination of high placental 
capacity and the activation of fetal venodilator mech- 
anisms such as atrial natriuretic factor and prostaglan- 
din release would stabilize the umbilical venous pres- 
sure during the infusion of large volumes of blood. To 
test this hypothesis, we measured umbilical venous 
pressure before, at the estimated midway point of, and 
after completion of the transfusion. 


Material and methods 

Eight fetuses undergoing 20 intravascular transfu- 
sions for treatment of anemia as a result of isoimmu- 
nization were studied. Two of the 8 (25%) were hy- 
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Table I. Effect of simple intravascular transfusion on nonhydropic fetus (mean + SEM) 
Baseline Midinterval Posttransfusion 

Hematocrit (%) 98 + 1 37 + 1* 48 + i* 
Volume infused (ml) — 42.5 +2 93.5 +2 
Umbilical venous pressure (mm Hg) 6.71 8.1 + 1.6* 10.9 + 1.4* 
Umbilical vein pH 7.40 + 0.005 7.38 + 0.004* 7.35 + 0.004* 
Umbilical vein Po, (mm Hg) 40.9 + 1.5 40.8 + 1.7 41.0 + 2.1 
Umbilical vein Pco, (mm Hg) 36.8 + 0.6 36.6 + 0.5 35.9 + 0.9 





*p < 0.05, compared with baseline value. 


dropic at the time of the first transfusion. Our method 
for intravascular transfusion has been described pre- 
viously in detail.’ For each procedure we used a 22- 
gauge spinal needle (Beckton-Dickinson, Rutherford, 
N.J.) and a 5 MHz sector transducer (model 3600, Gen- 
eral Electric, Rancho Mirage, Calif.) with an attached 
needle guide (CIVCO, Kalona, Iowa). All fetuses re- 
ceived pancuronium (0.3 mg.kg estimated fetal weight 
intravenously) for neuromuscular blockade and furo- 
semide (4 mg/kg intravenously in two divided doses) 
to, dilate capacitance vessels.’ Transfusion therapy was 
initiated when the fetal hematocrit declined below 30%. 
After the first procedure, a repeat transfusion was per- 
formed at 3- to 4-week intervals until the final trans- 
fusion was performed at 34 to 35 weeks, if appropriate. 
Our goal was a term delivery. The packed red blood 
cells were prepared from fresh type O, negative blood 
_ compatible with both mother and fetus, rendered buffy 
coat-poor, irradiated, washed twice with 0.9% sodium 
chloride, and resuspended in 0.9% sodium chloride to 
yield a hematocrit of 70%. Blood was infused into the 
nonhydropic fetus over 15 to 30 minutes to produce a 
closing hematocrit of 45% to 50%. The hydropic fetuses 
described here were managed differently at the begin- 
ning of therapy. During the first transfusion, the he- 
matocrit increased only to 25%; 24 hours later the hé- 
matocrit had increased to 45% to 50%. , 

The hematocrit and fetal umbilical vein blood gas 
parameters were measured before, at the estimated 
midway point of, and at the end of the transfusion. 
After the required blood specimens had been obtained, 
the needle was connected to a saline solution—filled 
tube attached to a solid-state pressure transducer (Sor- 
enson Transpac II, No. 46862-04, supplied by Abbott 
Critical Care Systems, North Chicago, Ill.) and pressure 
monitor (No. 78833B, Hewlett-Packard, Houston). The 
transducer was placed at the level of the fetal heart as 
determined during the preceding ultrasonographic ex- 
amination. The needle was purged briefly to clear the 
shaft of blood, and the pressure was recorded at its 
nadir. This process took approximately 30 seconds. 
The identity of the vessel punctured was confirmed to 
be the umbilical vein by observations of both the flow 
direction of the injected saline solution and the lack of 
a pulsatile pressure waveform on the monitor screen. 





At the conclusion of the transfusion, the needle was 
withdrawn from the vein into the amniotic cavity. The 
nadir pressure was recorded. There was neither ma- 
ternal perception nor sonographic evidence of a uter- 
ine contraction during the time any of the pressure 
measurements were recorded. The umbilical venous 
pressure reported in this article reflects subtraction of 
the amniotic fluid pressure from the umbilical venous 
pressure. 

A complete blood count was performed on blood 
anticoagulated with 1% ethylenediaminetetraacetic 


„acid with a Technicon H-1 analyzer (Technicon, Tar- 
‚reytown, N.Y.). Venous blood gas measurements were 


performed with blood anticoagulated with heparin on 
a Blood Gas Manager No. 1312 (Instrumentation Lab- 
oratory, Lexington, Mass.). The pH, Pco, (millimeters 
of mercury), and Po, (millimeters of mercury) were 


‘measured directly. The base excess (milliequivalents 


per liter), bicarbonate (milliequivalents per liter), and 
oxygen saturation (percent) wre calculated oy use of 
standard nomograms. 

The results are presented as the mean + 1 SEM. The 
three values for baseline umbilical venous pressure, he- 
matocrit, and posttransfusion umbilical venous pres- 
sure were compared with a repetitive measures analysis 
of variance. When significant differences were identi- 
fied, Scheffé’s test was applied. Differences in discrete 
variables between nonhydropic and hydropic fetuses 
were tested for significance with an independent ¢ test. 


_ The.relationship between the baseline umbilical venous 


pressure and gestational age and between the change 
in umbilical venous pressure and gestational age, total 
volume infused, and change in hematocrit were tested 
by least-squares regression. A p = 0.05 was considered 
to represent a significant difference. 


Results 

There were no complications associated with any of 
the 20 procedures. The mean gestation at transfusion 
was 29.3 + 1 weeks (range 21.5 to 34.5) and the mean 
beginning hematocrit was 27% + 2% (range 5% to 
37%). There was no demonstrable relationship between 
the beginning umbilical venous pressure and gesta- 
tional age (r = 0.10; p = 0.68). The mean volume of 
packed red blood cells infused was 90.3 + 7 ml (range 
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Fig. 1. Effect of intravascular transfusion on umbilical venous pressure in fetus with hydrops. Asterisks 
indicate amniotic fluid pressure. Umbilical venous pressure (in millimeters of mercury) corrected 
for amniotic fluid pressure is indicated by solid circles. Normal umbilical venous pressure is <10 mm 


Hg. 


55 to 120). Umbilical venous pressure values with 
paired amniotic fluid pressure values at all three sam- 
pling times were available for 15 procedures. l 

The baseline umbilical venous pressure exclusive of 
hydropic fetuses:(6.7 + 1 mm Hg) was within normal 
limits (2 SD = 10 mm Hg’): The umbilical venous pres- 
sure rose significantly.(p < 0. 002) during transfusion, 
reaching a level just above the normal range (10.9 + 
1 mm Hg) (Table I). The increase observed for the 
umbilical venous pressure during transfusion was sim- 
ilar in fetuses undergoing the first transfusion as op- 
posed’ to a subsequent transfusion (4 + 2 vs 4.3 + 
L.mim Hg). Most fetuses who began the transfusion with 
a normal umbilical venous pressure still had a normal 
umbilical venous pressure at the end of the procedure. 
The baseline umbilical venous ‘pressure of the two fe- 
tuses that were hydropic at the time of first transfusion 
was significantly elevated (12.5 + 0.5 mm Hg) com- 
pared with all nonbydropic fetuses undergoing their 
first transfusion (5.7 + 1 mm Hg, p = 0.01, two-tail 
! test). The. umbilical venous pressures of these two 
hydropic fetuses responded’ differently during the 
transfusion when compared with those of the nonhy- 
dropic fetuses. In one fetus previously described," the 
umbilical venous pr essure normalized during the first 
transfusion and remained normal thereafter. The um- 
bilical venous pressure of the second fetus rose during 
the first transfusion but was normal by the time of the 
second transfusion 1 day later (Fig. 1). The hydrops 
itself resolved far more’ slowly. 

There was no relationship observed between the rise 
in umbilical venous pressure during transfusion and 
either gestational age (r = 0.14, p = 0.72), the volume 
of packed red blood cells infused (r = 0.21, p = 0.57), 
or the change in hematocrit achieved by transfusion 
(r = 0.36, p = 0.25). 


Comment 


Blood returning through the umbilical vein passes 
via the ductus venosus into the inferior vena cava where 
it streams preferentially through the foramen ovale 
into the left atrium.” We assume that the umbilical ve- 
nous pressure is an approximation of the fetal central 
venous pressure, which also may be sensitive to left- 
sided, cardiac alterations. Our present and prior 
experience® measuring the umbilical venous pressures 
of fetuses with a variety of problems supports this as- 
sumption. Fetuses with elevated umbilical venous pres- 
sures had pathologic conditions consistent with cardiac 
failure, hepatosplenomegaly, or acute bradycardia. 

Direct intravascular transfusion significantly in- 
creased the umbilical venous pressure, though most 
pressures were still within the normal range at the com- 
pletion of the transfusion. Thus, despite a preexisting, 
relative increase in fetal intravascular volume before 
transfusion,®* acute volume expansion was well toler- 
ated by the fetus. The finding that umbilical venous 
pressure rose during transfusion is similar to our ani- 
mal investigation,'® where there was a 50% rise in the 
central venous pressure of the sheep fetus that had 
been rendered anemic by phlebotomy and then trans- 
fused 24 hours later. The magnitude of the volume 
expansion should not be underestimated. With a mean 
transfused volume of almost 100 ml in nonhydropic 
fetuses, we often doubled the estimated fetal intravas- 
cular volume during the course of this study.’ The 
tolerance of the fetus to volume expansion likely re- 
flects both a high placental capacitance and other adap- 
tive fetal mechanisms.* * We presently have little infor- 
mation concerning the length of time the umbilical ve- 
nous pressure remains elevated after the transfusion. 
In two fetuses studied after the preparation of this 
manuscript, the needle was left in place pending a final 
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blood count. The umbilical venous pressure had al- ` 


ready begun to decline by the ‘time the result was re- 
ceived 5 to 10 minutes later. The umbilical venous pres- 
sures of all fetuses repetitively studied here had re- 
turned to the baseline value by the next transfusion 3 
weeks later. These findings, however, may be appliċable 
only to the fetus who is transfused by a procedure con- 
sisting ‘of pancuronium, furosemide, and 70% hemat- 
ocrit blood and whose closing hematocrit i is between 
45%-and 52%. ' 

_ The two fetuses with immune hydrops studied at the 
time transfusion therapy was initiated.each had an el- 
evated, umbilical venous pressure that corrected far too 
rapidly with transfusion for us to conclude that the 
hydrops resulted solely from hepatic parenchymal hy- 
pertrophy and resulting, portal hypertension. This ob- 
servation was unexpected and would seem at odds with 
the prevailing opinion that portal hypertension and 
hypodlbuminemia that are secondary to hepatoeryth- 
ropoiesis are important in the genesis of hydrops.'* * 
Thus it seems likely that hypoxic myocardial dysfunc- 
tion led to increased umbilical venous pressure in these 
two fetuses. In this circumstance intiavascular trans- 
fusion would have a positive inotropic effect by in- 
creasing the fetal oxygen-carrying capacity. This might 
explain prior clinical studies reporting an increase in 
the. survival rate of hydropic fetuses treated by intra- 
vascular transfusion rather than intraabdominal trans- 
fusion, where red blood cell absorption from the peri- 
toneal cavity can be delayed." 

On the basis of results in these two fetuses, no con- 
clusion can be made concerning the appropriate 
method for intravascular transfusion. However, these 
observations suggest that fetal vascular overload can be 
prevented by monitoring the umbilical venous. pres- 
sute. In conclusion, though direct fetal intravenous 
transfusion, as described here, significantly raises the 
umbilical venous pressure, the pressure remains within 
: clinically acceptable norms. 


Addendum - 
We have now examined 16 fetuses undergoing 40 


intravascular transfusions as described. The results are 
virtually identical. 
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Duplex Doppler ultrasonographic evaluation of the fetal renal 
artery in normal and abnormal fetuses l 


J. C. Veille, MD, and C. Kanaan, MD 
Cleveland, Ohio 


Using duplex Doppler ultrasonography in asymmetrically grown fetuses with decreased amniotic fluid, we 
found the renal artery waveform pattern was different from that in the normally grown fetus. Such an 
abnormal waveform may reflect an increase in vascular resistance within the renal bed in oligohydramnios 
and intrauterine growth retardation. This would suggest that local mechanisms are operational and may 
influence renal blood flow in the human fetus with intrauterine growth retardation. (Am J OBSTET GYNECOL 


1989;161:1502-7.) 


Key words: Duplex Doppler ultrasonography, fetal renal artery, intrauterine growth 


retardation 


Pulsed Doppler ultrasonography with real-time im- 
aging and on-line spectral analysis (duplex imaging) has 
wide clinical applications in the evaluation of blood flow 
velocity. Duplex ultrasonographic examination of the 
kidney has been used to investigate renovascular resis- 
tance in patients with renal transplant to noninvasively 
evaluate the increase in resistance that occurs during 
acute rejection.’* In patients with episodes of acute re- 
nal rejection, the renal arterial diastolic flow velocity is 
significantly reduced. We hypothesized that in fetuses 
affected by asymmetric intrauterine growth retardation 
(IUGR), fetal renal blood flow may similarly be affected 
as a result of an elevated intravascular resistance, lead- 
ing to a decrease in renal perfusion and to oligohy- 
dramnios. 


Material and methods 


Patient population. Patients from our clinical prac- 
tice or from our antenatal testing unit at MacDonald 
Hospital for Women in Cleveland, Ohio, were asked to 
participate in this study. Informed consent was ob- 
tained as approved by the Institutional Review Board 
of University Hospitals of Cleveland. None of the nor- 
mal patients studied was taking any medication at the 
time of the study except for prenatal vitamins. A total 
of 22 normal pregnant patients (mean gestational age 
at the time of the study + SD = 31.2 + 4.5 weeks) 
and 1l pregnant patients who were suspected and were 
later proved to have asymmetric IUGR of the fetus 
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(mean gestational age at the time of the study, 30.0 + 
3.1 weeks) were studied. 

Of the eleven patients with IUGR, three had 
pregnancy-induced hypertension, two were heavy 
smokers, one had postdate syndrome, one had in- 
tractable nausea and vomiting with no weight gain dur- 
ing her pregnancy, one had gestational diabetes with 
pregnancy-induced hypertension, and there was no 
apparent cause for IUGR in three patients. Of the 
11 patients with IUGR seven had oligohydramnios, 
whereas the other four had normal amniotic fluid. 
It is of interest that the highest values for the sys- 
tolic/diastolic ratio (S/D) of the fetal renal artery were 
found in the group with oligohydramnios. Statistical 
analysis of the waveform was done between these 
two subgroups of patients with IUGR and is shown in 
Table I. Among the group of seven patients who had 
IUGR and oligohydramnios, four had reverse umbilical 
artery diastolic flow and nonreactive nonstress test re- 
sults. All four had an emergency cesarean section be- 
cause of fetal distress, and the neonates’ birth weights 
were <1500 gm (780, 900, 1100, 1400 gm, respec- 
tively). All four neonates had respiratory distress syn- 
drome, apnea, bradycardia, jaundice, and difficulty in 
heat control. The other seven patients had reactive non- 
stress test results and negative contraction stress test 
results and were vaginally delivered of infants at 
36.8 + 1.2 weeks. Except for being small for gesta- 
tional age (SGA) all seven infants did well in the neo- 
natal period. 

Instrumentation. All patients had a routine ultra- 
sonographic examination. Measurements of biparietal 
diameter, femur length, and abdominal circumference 
were obtained. Placental grading and amniotic fluid 
determination were noted. The amniotic Huid volume 
determination was performed with a semiquantitative 
technique as previously described.® The estimated fetal 
weight was then determined with previously published 
tables.’ Birth weights 2 SDs below the mean’ were con- 
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Fig. 2. Duplex waveform of fetal renal artery. S, Systolic mark; D, diastolic mark. 


Table I. Fetal renal artery of IUGR fetuses (mean + SEM) 





Without signs of 
hypoxia (n = 7) 


S/D ratio 5.3 + 0.59 
Pulsatility index 1.98 + 0.15 
Time-velocity integral 2.93 + 0.23 
Area under curve (cm?) 4.47 + 0.63 
Half-time (msec) 60.8 + 5.04 


With signs of 
hypoxia (n = 4) p Value 
8.07 + 0.36 <0.02 
2.46 + 0.30 NS 
2.67 + 0.57 NS 
10.40 + 5.54 NS 
42 + 11.6 NS 





sidered to be SGA. Duplex ultrasonographic exami- 
nations were performed with a 3 or 5 mHz real-time 
pulsed-wave Doppler system (UM 8, Advanced Tech- 
nology, Bothell, Wash.). The Doppler cursor was placed 
in the lumen of the vessel and the sample volume was 
kept to a minimal size (1.5 mm). 

The wall filter was also kept to minimal settings (50 
Hz) to obtain the full Doppler spectrum during dias- 
tole. With the use of a foot pedal, the two-dimensional 
image was intermittently frozen on one screen while 
the Doppler signal was displayed on the opposite 


screen. When an adequate waveform was displayed, a 
hard copy for subsequent analysis was made on a strip- 
chart recorder set at a speed of 50 mm/sec. Maximum 
power intensity was previously set by the company to 
meet the Food and Drug Administration’s preenact- 


‘ment level requirements (i.e, Isera = 46 mW/cm’, 


Isa = 65 W/cm’, and Im = 160 W/cm?).* Power was 
further decreased to 10% of its maximum intensity. 


*Ispr, = Maximum value of spatial peak temporal average 
intensity, Isp, = maximum value of spatial peak pulsed av- 
erage intensity, Im = spatial peak maximum intensity. 
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Normal IUGR 


Fig. 3. Summary of umbilical artery S/D ratio, Fetuses affected by IUGR are shown to have signif- 


icantly higher value. *Denotes p value <0.01. 
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Fig. 4. Summary of fetal renal artery S/D ratio and pulsatility index (PI) in normal and IUGR 
fetuses. No difference in S/D ratio was found. Pulsatility index was significantly elevated in IUGR 


fetuses. *Denotes p value <0.01. 


Duplex examination 

Umbilical artery. The placental cord insertion was lo- 
calized and the umbilical artery identified. The sample 
volume was placed in the lumen of the vessel and re- 
corded on a strip-chart recorder. Signals were recorded 
with the fetus in a quiet state and during apnea. Six 
cycles were calculated for the S/D ratio value and av- 
eraged (Fig. 1). 

Renal artery. An axial view of the fetus was obtained 
at the level of the kidneys. The abdominal aorta was 
identified. Doppler sample volume was placed at the 
hilus renalis, and then carefully positioned as parallel 
as possible to the renal vessel to obtain a maximum 
signal. At times it was necessary to use a larger Doppler 


sample volume to obtain an adequate waveform. This 
was then decreased to obtain a signal with the least 
amount of artifact. Although we could not determine 
the precise angle of the Doppler beam to the renal 
artery, repositioning of the transducer and the Doppler 
sample was accomplished to maximize the waveform 
signal. The abdominal aorta gave a significantly dif- 
ferent signal that helped to differentiate between the 
two waveforms. A minimum of three consecutive car- 
diac cycles were analyzed (Fig. 2). 

Waveform analysis. The waveforms were analyzed 
with a digital image processing system (Digisonics, Inc., 
Houston, Tex.). Each waveform was traced from the 
hard copy on a tablet digitizer and entered in the com- 
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Fig. 5. Time-velocity integral (TV7), area of curve, and half-time of curve between normal and IUGR 
' fetuses. Time-velocity integral and half-time were significantly lower in IUGR fetuses. However, 


area was significantly higher in IUGR fetuses. 


puter program. The systolic and diastolic peak flow 
velocities were analyzed for both the umbilical artery 
and the fetal renal artery. 

The area under the waveform and the time-velocity 
integral of the curve were derived by planimetry. The 
velocity curves were digitalized with the use of the 
darkest portion of the curve as well as its external con- 
tour. The time-velocity integral is derived by the sum- 
mation of all the different velocity components of the 
curve (i.e., the variation of the velocity distribution, or 
the narrow band of frequencies on the spectral display). 
The area half-time of the traced waveform is the time 
taken for the Doppler curve to decrease from its peak 
value to half of its peak value. 

Statistical analysis was performed with the nonpaired 
Student ¢ test with a p value of <0.05 used to reject the 
null hypothesis. Mean and SEM are reported. 


Results 


The S/D ratio of the umbilical artery was significantly 
different in the normal fetuses, as compared with the 
asymmetrically grown fetuses (2.5 + 0.11 versus 5.3 + 
0.79, respectively; p < 0.01) (Fig. 3). However, the 
S/D ratio of the waveform for the fetal renal artery 
was not significantly different between the two groups 
(5.64 + 0.45 versus 7.38 + 1.24, respectively) (Fig. 4). 
The pulsatility index (i.e., the systolic peak velocity mi- 
nus the diastolic peak velocity divided by the mean 
velocity of the waveform) was significantly higher in the 
abnormal group (1.89 + 0.08 versus 2.34 + 0.13; p < 
0.05) (Fig. 4). Both the time-velocity integral and the 
area half-time were significantly higher in the normal 
group, as compared with the abnormally grown fe- 


tuses time-velocity integral, 3.69 + 0.25 versus 2.54 + 
0.26 cm/sec and half-time, 61.5 + 2.48 versus 49.7 + 
4.59 msec, respectively) (Fig. 5). The total area under 
the fetal renal artery waveform was significantly larger 
in the IUGR fetuses (4.15 + 0.25 versus 5.29 + 0.59 
cm?, respectively) (Fig. 5). 


Comment 


Significant differences in the analysis of the umbilical 
artery and the fetal renal artery waveform were dis- 
covered between normally grown fetuses and the fe- 
tuses affected by asymmetric IUGR. In the normally 
grown fetuses the S/D ratio and the pulsatility index 
of the umbilical artery were found to be significantly 
higher in the IUGR group. This was largely because of 
a decrease in the amplitude of the diastolic component 
of the waveform in the IUGR group. Similar findings 
have been reported in human pregnancies and agree 
with our study.*" In fact, a similar decrease in the di- 
astolic component of the umbilical artery waveform has 
been reported in pregnant ewes after repeated placen- 
tal embolization through the umbilical artery.'!? With 
progressive embolization, the end-diastolic velocity 
waveform progressively decreased and reversed flow 
was observed before fetal death. This suggests that the 
abnormal waveform pattern of the umbilical artery is 
caused by a progressive increase in vascular resistance 
within the placental bed (Morrow RJ. Unpublished ob- 
servations). 

The S/D ratio of the fetal renal artery was not sig- 
nificantly higher in the IUGR group. With the use of 
the mean value of the flow velocity curve, the pulsatility 
index was calculated and found to be significantly el- 
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evated in the fetuses affected by IUGR. Similarly, sig- 
nificant differences were found when the.time-velocity 
integral and the area half-time of the fetal renal artery 
waveform were analyzed. This not only indicates that 
the S/D ratio cannot discriminantly identify impaired 
fetal renal blood flow, but also suggests that the way 
the fetal kidney is perfused in the IUGR fetuses is dif- 
ferent from that in the normally grown fetus. The ma- 
jority of the fetuses (4/7) with IUGR and oligohydram- 
nios had signs suggestive of acute fetal hypoxia. It is 
always possible that the difference between the IUGR 
and the normally grown fetuses could be explained by 
the four fetuses with acute hypoxia rather than the 
growth retardation. Analysis of the data into those with 
and those without signs of acute fetal hypoxia did not 
show major differences in the fetal renal waveform 
between these two groups except for the S/D ratio. 
Such results suggest that the changes between the 
IUGR and the normally grown fetuses are mostly a 
result of the growth retardation process. Similar find- 
ings were reported by Rigsby** in the renal artery of 
transplanted kidneys during acute rejection, They 
speculated that the abnormal renal waveform may be 
a result of structural, neurogenic, or humoral process 
mechanism. Experimental work in dog, lamb, and pri- 
mate fetuses with the use of radioactive microspheres 
during acute and chronic preparations suggests that 
both neurogenic and humoral mechanisms are indeed 
operational and are responsible for local changes in 
renal blood flow.’** With embolization of the dog’s kid- 
neys with microspheres, a good correlation between 
progressive increase in the renal vascular resistance and 
decreased organ perfusion was found.' 

In the instrumented lamb, the renal blood flow has 
been estimated to be between 2% and 3% of the com- 
bined cardiac output during physiologic conditions.'* * 
During either hypoxemia or hypercapnia, renal blood 
flow was shown to be reduced by 25% to 50% of the 
baseline values." Vasoconstriction occurred abruptly 
when the fetal arterial Po, value fell <20 mm Hg. Al- 
though the exact mechanism for this decrease in renal 
blood fiow is not clear, it is thought to be mediated by 
the local action of prostaglandins.’* In our study the 
decrease in the time-velocity integral indicates that the 
quantity of blood perfusing the kidney of the IUGR 
fetus is decreased but that the decrease found in the 
area half-time of the renal waveform suggests that the 
kidney is being perfused at a faster rate. Another pos- 
sible explanation for the above findings is that there is 
a significant increase in the vascular resistance distal to 
the point of measurement. This is in keeping with ex- 
perimental evidence that vasoconstriction of the renal 
vascular bed occurs in fetuses with an inappropriate 
uterine environment. The fact that in our study the 
total area under the fetal renal artery waveform is 
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higher in the IUGR group may reflect local mechanisms 
trying to maintain adequate renal perfusion under such 
circumstances of poor growth. 

Our results of an elevated pulsatility index seem par- 
adoxical. If the area of the curve is larger in the IUGR 
fetuses and the mean value for the curve increases, the 
pulsatility index should be lower in this group. How- 
ever, the systolic component of the curve was markedly 
elevated in this group. The net result was that the dif- 
ference in the S/D value increased, giving a higher 
value to the pulsatility index. This would imply that 
instead of a local vasodilatation on the renal vascula- 
ture, the fetal renal blood flow may be maintained by 
a combination of increase in arterial pressure and in- 
trarenal action of catecholamines, vasopressin, and 
prostaglandins as previously reported.” '* 

It is always possible that technical differences oc- 
curred during the sampling of the fetal renal artery 
waveform. Variability in the Doppler angle could, in 
turn, affect the shape of the waveform and create sig- 
nificant problems in the interpretation of the data. Al- 
though such bias could have occurred because we did 
not visualize the fetal renal artery per se, we were care- 
ful to maintain the Doppler sample volume parallel to 
the fetal hilus renalis to keep the Doppler angle as close 
as possible to zero in all views. This study is qualitative 
in nature as quantification of Doppler echocardio- 
graphic data implies that the accurate estimation of the 
vessel studied can be obtained. Qualitative analysis of 
the waveform is not angle-dependent and gives an es- 
timate of resistance to flow rather than an estimate of 
total flow. 

Our results suggest that the overall perfusion of the 
kidney in the fetus affected with IUGR is maintained 
inasmuch as the diastolic component of the waveform 
was found to be normal, but the way the kidneys are 
perfused is different from the normally grown fetus. 
The oligohydramnios observed in cases of severe IUGR 
may then be a result of an inability of the kidney to 
compensate for the decrease in blood flow velocities 
and increased vascular resistance, which results in an 
overall decrease in renal blood flow and glomerular 
filtration rate.” 


We thank Beth Wilson, RN, for her coordination 
efforts and Joyce Olson for her assistance in this study. 
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Intrapartum Doppler velocimetry, amniotic fluid volume, 


fetal heart rate as predictors of subsequent fetal distress 


and 


I. An initial report 


Albert P. Sarno, Jr., MD, MAJ, USA, Myoung Ock Ahn, MD, MPH, 
Harbinder S. Brar, MD, Jeteg P. Phelan, MD, and Lawrence D. Platt, MD 


Los Angeles, Calne 


This study examines the usefulness of umbilical artery Doppler velocimetry, amniotic fluic: volume 
assessment, and fetal heart rate data in the early intrapartum period as predictors of subsequent fetal 
distress. A total of 109’ patients seen in the latent phase of labor in the labor and delivery area were 
studied. Both an abnormal initial fetal heart rate and an amniotic fluid index <5.0 cm were associated with 
a significant increase in the incidence of intrapartum fetal distress: Conversely, a systolic/ diastolic ratio 
>3.0 by Doppler ultrasonography was ‘not associated with increased fetal morbidity. Overall, the 
sensitivities, specificities, and positive predictive values of the fetal heart rate tracing and the amniotic fluid 
volume assessment were comparable. Doppler systolic/diastolic ratios showed very poor sensitivity and 
positive. predictive value. We conclude that the fetal heart rate tracing or the assessment of amniotic fluid: 
volume in the early intrapartum period are ‘reasonable predictors of subsequent fetal condition. The lack of 
patients with the absence of or reverse umbilical velocity preclude conclusions with regard to Doppler 
systolic/dlastalic ratios for this purpose. (Am J OBSTET GYNECOL 1989;161: :1508- 14) 


Key words: Doppler velocimetry, amniotic fluid volume, fetal heart rate, intrapartum fetal 


distress 


The routine use of intrapartum fetal heart rate 
(FHR) monitoring has been addressed by the Executive 
Board of the American College of Obstetricians, and 
Gynecologists. > The recently published statement states 
that intermittent fetal auscultation “is as effective ‘as 
electronic fetal monitoring in paonon high risk pa- 
tients during labor,” 

However, physicians trained in di era of fetal mon- 
itoring may be uncomfortable in. following up patients 
in this manner. In addition, staffing requirements and 
medical-legal risks are practical issues to be confronted. 
Therefore studies aimed at’ further identification of the 
correct patients for auscultation: alone seem indicated. 

This information could then be used to triage pa- 
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tients to either continuous intrapartum electronic fetal 
monitoring or intermittent auscultation. The evalua- 
tion, if rapid and easily performed, could be done by 
the labor and del-very nurse with the results relayed to 
thé physician, 

Should the physician prefer to monitor all fetuses 
with electronic monitoring, this same test may provide 
information to alert the physician to the increased like- 
lihood of fetal distress. More intensive monitoring and 
preparations for cesarean delivery may then be indi- 
cated. Because most community hospitals do not have 
24-hour inhouse obstetric and anesthesia coverage, 
earlier notification of appropriate personnel may be 
helpful. 

The concept o? a “fetal admission test” has been ad- 
dressed with either the initial FHR monitor strip? or 
the fetal response to acoustic stimulation.’ Other pa- 
rameters that may potentially be useful as an admission 
test include amniotic fluid volume and umbilical artery 
blood flow as measured by Doppler velocimetry. 

This study examines the usefylness and predictive 
values of Doppler velocimetry, amniotic fluid volume 
assessment, and FHR patterns early i in the course of 
labor for the subsequent development of intrapartum 
fetal morbidity. + 


Material and methods 


The study group consisted of 109 patients seen at 
the labor and delivery unit of Women’s Hospital, 
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Fig. 1. Schematic representation of four-quadrant estimation of amniotic fluid volume. Greatest 
vertical diameters of largest pocket of amniotic fluid ini each quadrant are summed to form amniotic 


fluid index. (Hypothetical numbers are shown). 


Los Angeles County/ University of Southern California 
Medical Center from August 1, 1987, to December 1, 
1987. Inclusion criteria included term or post-term 
pregnancy (>36 completed weeks’ gestation) as as- 
sessed by usual clinical criteria, singleton fetus, vertex 
presentation, and latent phase of labor. The presence 
of ruptured membranes was not exclusionary. All pa- 
tients were evaluated by a single examiner (A. S.). 

FHR tracings were examined in both the first and 
last 40 minutes of monitoring and were evaluated for 
baseline rate, reactivity, beat-to-beat variability, and the 
presence of severe variable decelerations, late decel- 
erations, and bradycardia. Severe variable decelera- 
tions were graded by the criteria of Kubli et al.’ Se- 
vere variable decelerations and late decelerations were 
diagnosed only if present with >50% of contrac- 
tions. Fetal bradycardia was defined as a FHR of 90 
beats/min or a decline in heart rate of 40 beats/min 
from baseline, persisting for 1 minute. FHR reactivity 
was present if at least a single acceleration of the FHR 
of 15 beats/min from baseline lasting 15 seconds was 
noted.’ Baseline variability was normal if >5 beats/min. 
For purposes of the study, an abnormal FHR tracing 
was deemed to be present when any of the following 
were present: (1) abnormal FHR baseline; (2) de- 
creased baseline variability; (3) absence of reactivity; (4) 
variable decelerations; (5) late decelerations; or (6) 
bradycardia. 

Real-time ultrasonographic examination was per- 
formed with either a General Electric 2600 (Waukesha, 
Wisc.) or an ADR/ATL Ultramark 4 (Bothell, Wash.) 
with a 3.5 mHz linear transducer. Amniotic fluid vol- 


ume was assessed by the amniotic fluid index, which 
divides the maternal abdomen into four quadrants and 
measures the greatest verticle diameter of the largest 
pocket of amniotic fluid in each quadrant and adds the 
measurements (Fig. 1). An amniotic fluid index >5.0 
cm was considéred to reflect adequate fluid.* The re- 
sults of the amniotic fluid index were not revealed to 
the physicians who managed the patient's labor. 

Umbilical artery velocimetry was then performed 
with continuous-wave Doppler ultrasonography (An- 
gioscan III, Unigon Industries, Yonkers, N.Y., or 
Multigon 500A, Muliigon Industries, New York, N.Y.) 
with a 4 mHz transducer with a power output of 6.5 
mW/cm? and an effective depth of 8 cm. The umbilical 
velocity waveform, obtained transabdominally, was rec- 
ognized by the characteristic signature with the arterial 
and venous flow in opposite directions (Fig. 2). The 
screen was frozen and peak systolic to lowest end- 
diastolic ratios (S/D) were computed. Three different 
recordings were performed, waveforms were analyzed, 
and the mean value was calculated for a given patient 
and used for analysis. The results of the Doppler anal- 
yses were not revealed to the physicians who managed 
the patient’s labor. An S/D ratio >3.0 was considered 
abnormal for term gestation.’ 

Pregnancy outcome was assessed with respect to 
the incidence of meconium staining, fetal distress 
that required cesarean delivery, Apgar scores at 1 or 
5 minutes <7, birth weight less than the 10th per- 
centile for gestational age, subsequent abnormal FHR 
patterns, and perinatal mortality. Sensitivity, specific- 
ity, and predictive values for fetal distress requiring 
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Fig. 2. Umbilical waveform with characteristic arterial and 
venous flow in opposite directions. Cursors show peak systolic 
and lowest end-diastolic flow velocity. 


Table I. Maternal variables (n = 109) 


Mean + SD | Range 





Age (yr) 26.0 + 5.3 15-41 
Gravidity 2.8 + 1.9 1-6 
Parity LSE- 0-5 
Estimated. gestational ae 
age (wk) 40,2 + 2.0 36-44 


Duration of rupture 
of membranes (hr) 
Labor (hr) 


13.2 + 18.0 1.5-35 
16.4 + 8.1 9.1-32.0 





Membrane status on admission: intact = 57 (52.3%); rup- 
tured = 52 (47.7%). 


cesarean delivery were calculated for each testing mo- 
dality. Statistical analysis was carried out with the Fisher 
exact test or x? analysis, and significance was considered 
at p < 0.05. 


Results 

Table I shows the maternal variables for the entire 
study population. Equal numbers of patients were first 
seen with either intact or ruptured membranes. Sus- 
pected postdate pregnancy occurred in 31.5% of pa- 
tients, but most of these had poor clinical dating cri- 
teria. 
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Table II describes pregnancy outcome related to the 

interpretation of the initial FHR tracing, the amniotic 
fluid index and Doppler S/D ratio. Of 109 patients, 21 
were noted to have abnormalities of the initial FHR 
tracing, an incidence of 19.3%. Although all indexes of 
morbidity arë higher in the abnormal tracing group, 
there is a significant increase in fetal distress that, re- 
quires cesarean delivery (p = 0.0009, RR = 21.6). A 
total of 17 of 109 patients were found to have oligo- 
hydramnios, for an incidence of 15.6%. All indexes of 
morbidity (except small for gestational age) are in- 
creased in the group with oligohydramiiios and this 
reaches statistical significance for fetal distress that re- 
quires cesarean delivery (p = 0.047, RR = 5.3) and 
Apgar score <7 at 1 minute (p= = 0.002, RR = 3,3). 
There was no relationship in the incidence of oligo- 
hydramnios to postdate and nonpostdate pregnancies 
(20.0% and 21.4%, respectively). 
_ Abnormal’ Doppler flow was found in eight of 109 
patients (7.3%). None of these eight patients had the 
absence of or reverse end-diastolic flow velocity (range 
of S/D ratios, 3.03 to 6.5). Seven of these eight values 
were between 3.0 and 3:6, with a single value more 
significantly elevatéd at 6.5. An abnormal S/D ratio was 
not associated with an, increase in any index of fetal 
morbidity. Both fetuses that were small for gestational 
age had normal S/D ratios. The mean S/D ratio in the 
group of patients in whom fetal distress developed’ was 
2.26 (range, 1. 36 to 2. 66), whereas the mean S/D ratio 
for the group without fetal distress was 2. 30 (range, 
1.45 to 6.50), . 

Though equal numbers of patients were seen with 
intact and ruptured membranes, 5 of 57 patients 
with intact membranes had oligohydramnios (8.8%), 
whereas 12 of 52 patients with ruptured membranes 
had oligohydramnios (23. 1%), a significant difference 
(p = 0.04, x’). i 

Table III shows pregnancy outcome in patients with 
oligohydramnios i in relation to the status of membranes 
on admission. Morbidity is equal between the two 
groups, which suggests that oligohydramnios as a result 
of ruptured membranes has equal significance with 
preexisting oligohydraminios. 

Table IV describes FHR patterns in the last 40 min- 
utes of labor i in relation to the results of the initial FHR 
tracing, amniotic fuid index, and Doppler velocimetry. 
Patients with abnormal initial FHR patterns had sig- 
nificant increases in the incidence of severe variable 
decelerations and late decelerations with decreased 
variability. Patients with oligohydramnios had signifi- 
cant increases in the incidence of baseline tachycardia, 
loss of reactivity, and bradycardia. An abnormal S/D 
ratio was associated with a significant increase in the 
incidence of bradycardia in subsequent labor. 

Table V shows the sensitivity, specificity, positive pre- 
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Table 11. Pregnancy outcome in relation to the initial FHR tracing, amniotic fluid index, and Doppler S/D 


















Abnormal 
FHR 


No. 88 21 
Meconium (%) 28.4 52.4 
Cesarean delivery LJ 23.8* 


because of fetal 
distress (%) 
Apgar <7 (%) 


1 minute 15.9 28.6 
5 minutes L.l 0 
Small for gestational 2.3 0 
age (%) 
Perinatal mortality 0 4.8 
(%) 


*p < 0.001 When compared with normal FHR. 


tp < 0.05 When compared with amniotic fluid index >5.0 cm. 
tp < 0.005 When compared with amniotic fluid index >5.0 cm. 


Amniotic 
fluid index 
>5.0 em 
















Amniotic 
fluid index 


<5.0 cm SID > 3 


92 17 101 8 
29.3 52.9 32.7 0 
3.3 17.67 5.9 0 
14.1 47.14 20.8 0 
0 5.9 1.0 0 
2.2 0 2.0 0 
0 5.8 1.0 0 





Table III. Pregnancy outcome in patients with oligohydramnios in relation to membrane status 








Meconium 3 
Cesarean delivery because 
of fetal distress 
Apgar scores <7 
1 minute 
5 minutes 
Small for gestational age 
Perinatal mortality 


Qoon 


Intact (n = 5) 






Ruptured (n = 12) 





60.0 6 50.0 
0 3 5.0 

40.0 6 50.0 
0 l 8.3 
0 0 0 
0 l 8.3 








dictive value, and negative predictive value of the initial 
FHR, amniotic fluid index, and Doppler velocimetry 
for subsequent fetal distress that required cesarean de- 
livery. 


Comment 


The concept of an admission test performed early in 
the course of labor is attractive because it provides an 
assessment of current fetal condition and risk. This 
evaluation would be important even in routine obstetric 
populations because intrapartum morbidity develops in 
10% to 20% of patients at “low risk.”®° A fetal admission 
test may provide a mechanism to. triage patients to a 
“low-risk” or “high-risk” status. Should the patient and 
her health care provider desire, this may allow inter- 
mittent auscultation or intermittent monitoring. Re- 
assuring admission test results may obviate the need 
for telemetry in the patient who desires to ambulate 
through the latent phase of labor, Nonreassuring test 
results would alert the physician to an increased risk of 
fetal intolerance of labor. Continuous monitoring and 
physician vigilance may then be indicated. 

Diagnostic modalities evaluated thus far include the 
initial FHR strip and the fetal response to acoustic stim- 





ulation. Ingemarrson et al.’ have studied the usefulness 
of a short FHR strip in early labor and have found a 
low rate of intrauterine asphyxia (0.9%) when the trac- 
ing was reassuring and a high rate (50%) when the 
tracing was ominous. In a subsequent study, the same 
authors evaluated the fetal response to acoustic stim- 
ulation and found this technique to be a useful adjunct 
to the initial FHR strip in the exclusion of fetal com- 
promise in early labor.? An ominous FHR strip in as- 
sociation with a nonreactive response to acoustic stim- 
ulation was associated with a 75% risk for fetal distress. 

Amniotic fluid volume has been found to aid in 
the assessment of fetal condition in antepartum sur- 
veillance." Antepartum oligohydramnios with intact 
membranes has been associated with postdate preg- 
nancy, intrauterine growth retardation,” fetal anom- s 
alies," abnormal antepartum FHR patterns," and in- 
creased perinatal morbidity and mortality." Therefore, 
it would seem a logical extension to evaluate amniotic 
fluid volume in the early intrapartum period as a pre- 
dictor of subsequent fetal morbidity. 

Doppler umbilical artery velocimetry has been used 
to evaluate high-risk pregnancies. Previous studies by 
Fleischer et al, Trudinger et al., and Brar et al.’ 
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Table IV. Late FHR patterns in relation to initial FHR, amniotic fluid index, and Doppler S/D 












Abnormal 
FHR (%) 


Baseline tachycardia 
Decreased baseline 


variability 
Loss of reactivity 12.5 » 9.5 
Severe variable 10.2 57.14 
decelerations 
Late decelerations 0 9.5§ 
Bradycardia 9.1 14.3 





=p < 0.001 When compared with amniotic fluid index >5.0 cm. 
+p < 0,005 When compared with amniotic fluid index >5.0 cm. 


=p < 0.0005 When compared with normal FHR. 
3p < 0.05 When compared with normal FHR. 


ilp < 0.05 When compared with amniotic fluid index >5.0 cm. 


Tp < 0.05 When compared with S/D <3.0. 


have established a relationship between impaired end- 
diastolic flow velocity, intrauterine growth retardation, 
and adverse fetal outcome. Abnormal Doppler flow 
may also be an earlier indicator of fetal compromise 
than is the nonstress test in intrauterine growth retar- 
dation.” 

Brar et al.’* have evaluated placental vascular resis- 
tance by Doppler S/D ratios in patients with late de- 
celerations and control patients with reactive tracings. 
Patients with late decelerations had mean S/D ratios 
significantly higher than those of the control group 
(4.32 versus 2.32) as well as higher incidences of me- 
conium, cesarean section because of fetal distress, low 
Apgar scores and admissions to the neonatal intensive 
care unit. However, the morbidity in this group was 
largely a result of those patients with late decelera- 
tions and elevated S/D ratios as opposed to those with 
late decelerations and normal S/D ratios. They con- 
cluded that Doppler assessment may be an important 
adjunct during intrapartum monitoring of patients 
wizh late decelerations and may help discriminate 
“false-positive” from “true-positive” late decelerations. 

This study suggests that both the initial FHR tracing 
and amniotic fluid volume assessment may be reason- 
able choices for an admission test. The sensitivities, 
specificities, and positive and negative predictive values 
are comparable, although the FHR strip has somewhat 
better sensitivity and positive predictive value. The 
FHR tracing certainly is the most readily available and 
most physicians are familiar with its interpretation, 
which makes this technique readily applicable. 

However, amniotic fluid volume assessment may pro- 
vide information not obtainable by evaluation of the 
FHR strip: the fetus at risk because of cord compression 
as a result of oligohydramnios. The association noted 
between ruptured membranes, oligohydramnios, and 
increased morbidity in this study suggests that fetal 
morbidity may occur as a result of oligohydramnios 


Amniotic 
fluid index 
>5.0 cm (%) 
















Amniotic 
fluid index 

<5.0 cm (%) 
n= 17 


S/D 
>3.0 (%) 


= 92 n=8 





8.7 35.3} 13.9 0 


18.5 99.4 20.8 12.5 
0 5.9 1.0 0 
7.6 23.5] 79 37.54 


after membrane rupture. To identify this population, 
ultrasound assessment of amniotic fluid volume should 
be performed on all patients who are admitted to the 
hospital in labor with ruptured membranes. It would 
seem logical that prophylactic amnioinfusion may de- 
crease morbidity in this group of patients because the 
technique has been shown to relieve variable deceler- 
ations," and decrease morbidity in preterm premature 
rupture of the membranes.” These approaches are 
being investigated. 

The lack of correlation between abnormal Doppler 
S/D ratios and adverse fetal outcome is not surprising 
given the relatively small number of patients in the 
study. Although eight patients were found to have el- 
evated S/D ratios, there were no cases of absent or 
reverse end-diastolic flow velocity, the abnormalities 
most predictive of poor fetal outcome. The mean S/D 
ratios in patients with and without fetal distress (2.26 
versus 2.30) were not different, which suggests that 
elevated placental vascular resistance was not a com- 
mon cause of fetal distress in the study population. In 
keeping with the findings of Brar et al.'* it would appear 
that the role of Doppler velocimetry in the intrapartum 
period would be one as an adjunctive test in the pres- 
ence of abnormal FHR patterns that are suggestive of 
uteroplacental insufficiency, rather than one as a 
screening test. Correlation of Doppler S/D ratios with 
a large number of patients who exhibit decreased vari- 
ability and lack reactivity seems indicated given the 
association between late decelerations and abnormal 
S/D ratios. The lack of correlation between Doppler 
S/D ratios and variable decelerations is predictable be- 
cause abnormal flow velocity in the umbilical artery is 
reflective of a primary lesion within the placental vas- 
cular bed,” whereas variable decelerations reflect acute 
cord compression,” two very distinct pathophysiologic 
mechanisms. 

The value of a screening test is measured by its sen- 
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sitivity, specificity, and predictive value for abnormal 
outcome. With reference to a screening test for sub- 
sequent fetal distress, the clinician is most interested in 
the positive predictive value of the test (i.e., given ab- 
normal test results, what is the risk for adverse out- 
come?). However, the positive predictive value of a test 
varies with the incidence of the disease. For example, 
when the incidence of the disease is 5% and sensitivity 
and specificity are kept constant at 95%, the maximum 
positive predictive value obtainable is 50% (i.e., 50% of 
patients with abnormal test results will have the ab- 
normal outcome). In the current study 6 of 109 patients 
(5.9%) required cesarean delivery because of clinical 
fetal distress. This low incidence may account for the 
relatively low positive predictive values noted for all 
three testing modalities. Therefore, it would appear 
that the utility of abnormal screening test results would 
be to provide the clinician with the information that 
the risk of intrapartum fetal distress is increased. How- 
ever, immediate intervention by cesarean delivery 
would not be indicated. 

Conversely, the predictive value of negative (normal) 
test results can be clinically useful in the evaluation of 
a test that predicts fetal condition in subsequent labor. 
The high negative predictive values noted for all three 
testing modalities should reassure the clinician when 
the test results are normal. In this instance the finding 
of normal or “reassuring” test results may then allow 
triage of the patient to intermittent auscultation. 

Sensitivity (the probability that the test results will be 
abnormal in all cases of adverse outcome) and speci- 
ficity (the probability that the test results will be normal 
in all cases of normal outcome) are also important in- 
dicators of the accuracy of the screening test. Whereas 
the initial FHR tracing and the amniotic fluid index 
identified 83.3% and 50% of patients with abnormal 
outcome, respectively, Doppler S/D was not abnormal 
in any case of adverse outcome (mean S/D, 2.26; range, 
1.36 to 2.66). However, all three testing modalities 
showed comparable specificity when compared to each 
other. 

Overall, it would appear that both the initial FHR 
tracing and the amniotic fluid index may be of value 
as screening tests within the scheme outlined above; 
however, the lack of sensitivity and positive predictive 
value with Doppler S/D ratios mitigate against its use 
as a primary screening tool in this situation. 

It would seem that the combination of initial FHR 
(or fetal acoustic stimulation) with amniotic fluid index 
assessment into a comprehensive admission test with 
Doppler velocimetry as an adjunctive test in the pres- 
ence of an abnormal initial FHR or oligohydramnios 
may provide even better sensitivity, specificity, and pre- 
dictive values than any single test. The finding of oli- 
gohydramnios in the presence of ruptured membranes 
increases the risk for fetal distress most likely as a result 
of acute cord compression; therefore, prophylactic am- 
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Table V. Sensitivity, specificity, and positive 
and negative predictive value of initial FHR, 
amniotic fluid index, and Doppler S/D for 
subsequent fetal distress requiring cesarean 
delivery (%) 







Positive | Negative 
predictive | predictive 


Sensitivity | Specificity | value value 





Initial FHR 83.3 84.5 23.8 98.9 

Amniotic fluid 50.0 86.4 17.6 96.7 
index 

Doppler S/D 0 92.2 0 94.1 


nioinfusion may be effective in decreasing fetal mor- 
bidity. 

In conclusion, our study suggests that the initial FHR 
strip or amniotic fluid index in early labor may be rea- 
sonable to use as a fetal admission test to guide sub- 
sequent labor management. Doppler velocimetry does 
not appear to be of use in this setting, but may be of 
value as an adjunctive test in cases in which abnormal 
heart rate patterns, decreased amniotic fluid volume, 
or reverse flow are seen or if flow is absent. Unfortu- 
nately, none of the latter were seen in this study; there- 
fore, a larger study is being carried out. 
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Doppler assessment of the fetal and uteroplacental circulation 


during nifedipine therapy for preterm labor 


Giancarlo Mari, MD, Brian Kirshon, MD, Kenneth J. Moise, Jr., MD, Wesley Lee, MD, and 


David B. Cotton, MD 
Houston, Texas 


To investigate the effects of nifedipine on the human fetal circulation, 11 fetuses whose mothers were 
treated with nifedipine for treatment of preterm labor were studied. Maximum velocity waveforms were 
obtained in the middle cerebral artery (n = 8), renal artery (n = 6), ductus arteriosus (n = 8), and 
umbilical artery (n = 10). Transvalvular maximal velocity waveforms were obtained across the aortic 

(n = 11) and pulmonary (n = 7) valves. Maternal uterine arteries also were studied (n = 7). Doppler data 
were collected before and 5 hours after nifedipine therapy. Patients received an oral loading dose of 30 
mg of nifedipine followed by a second oral dose of 20 mg 4 hours later. No significant difference in the 
flow velocity waveforms was found in the vessels studied 5 hours after the initial dose. These results 
suggest that short-term nifedipine therapy does not influence either fetal or uteroplacental circulation as 
evaluated with the Doppler technique. (Am J OssteT GynecoL 1989;161:1514-8.) 


Key words: Doppler, nifedipine, fetal blood flow 


Nifedipine is a calcium channel blocker with hemo- 
dynamic effects, including negative inotropic action, 
inhibition of atrioventricular conduction, and coronary 
and peripheral vasodilation.’ Nifedipine has been 
used in the treatment of pregnancy-induced hyperten- 
sion’ and preterm labor.** In view of potential adverse 
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effects of calcium channel blockers in the rhesus 
monkey’ and fetal lamb,’ this drug has not been used 
extensively in human pregnancy. The purpose of this 
study was to evaluate Doppler blood flow velocity wave- 
forms of various regional blood flows in fetuses whose 
mothers were given nifedipine for treatment of pre- 
term labor. Addirionally, the uteroplacental circulation 
was studied. 


Material and methods 

Image-directed pulsed Doppler techniques were 
used to obtain maximum blood velocity waveforms in 
11 normal fetuses whose mothers received nifedipine 
for treatment of preterm labor. All of the patients ini- 
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Fig. 1. Doppler waveforms of fetal renal artery. and vein (A) 
and middle cerebral artery (B). Va lues are in centimeters per 
second: f si 


tially received a 30 mg dose of oral nifedipine, followed * 


by a 20'mg oral dose 4 hours later. The studies were 
performed before and 5 hours after the initial nifedi- 
pine dose (1 hour. after the second dose) in the follow: 
ing vessels: middle cerebral artery ( = 8), renal artery 


(n= 6), umbilical artery (n = 10), ductus arteriosus 


(n = 8), pulmonary (n = 7) and aortic (n = 11) valves, 


and uterine arteries (n = 7). The decision to assess the _ 


fetal status by Doppler technique at 5 hours after-the 
loading dose (30 mg) and. 1 hour after the second dose 
was based on the fact that the half-life of nifedipine is 
2 hours with peak blood levels occurring approximately 


30 minutes after oral administration.* Because gastric , 


absorption is delayed in pregnancy, we elected to study 


the. fetus at 60 minutes instead -of 30 minutes after the | 


second dose of nifedipine. In so doing it was thought 
that an adequaté maternal and fetal nifedipine level 
would be obtained. 

The patients were studied iwe 10 AM and 10 pm 
and reniained in a fasting state on entry into the study. 
All the patients had preterm painful uterine’ contrac- 
tions when they were first seen, and the diagnosis 
was preterm labor in all. All patients gave written con- 
sent for:the study, which was approved by the Baylor 
Human Investigational Review.Board. After the initial 
dose of ‘nifedipine, continuous fetal heart rate moni- 


toring was performed, The maternal heart rate and E 
pressure were recorded before nifedipine and there- _ 


after at 15, 30, and 60 minutes and hourly’ thereafter. 
Nifedipine levels were determined (n = 8) by reverse- 
phase high- -performance liquid chromatography anal- 
ysis after Doppler evaluation (approximately. 6 hours 
after the initial nifedipine dose). 
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` Fig. 2. Doppler ` waveforms of fetal ductus arteriosus (A), pul- 


monary valve’ (B), and aortic valve (C). Values are in centi- 
meters per second. 


Doppler ultrasonographic studies were carried oùt 


- witha General Electric PASS II cardiac ultrasonogra- 


phy system. A 2.5 MHz transducer was used with a 
2 mm‘sample volume. A 50 Hz pass filter was used. 


Doppler ultrasonographic energy was 114 mW/cim? 


spatial peak temporal average intensity. The fetuses 
were examined with the mothers in a semirecumbent 
position. Doppler i examination of the renal artery was 


-performed in the following manner: a Sagittal section 
“of the fetal -body was visualized, and the ultrasono- 


graphic ‘beam was directed laterally to the spine, to 
obtain a coronal section of the fetal body. By moving 
the transducer anteriorly, a coronal section of the de- 


` scénding aorta’and kidneys was imaged. As the renal 


artery could not be visualized clearly, the sample vol- 


"ume was positioned in the renal hilum and then moved 
` toward the aorta, enabling pulsed Doppler waveforms 
to be recorded at different points along the renal ves- 


. sels. Doppler waveforms of the artery and vein were 


detected simultaneously and displayed on either side 
of the baseline (Fig. 1, A). Doppler examination of the 
middle cerebral artery (Fig. 1, B) was performed as 
reported previously.’ The ductus arteriosus (Fig. 2, A) 
was studied as described by Huhta et al.!° and Moise 
et al.'” Umbilical artery waveforms were recorded by 


- placing the sample volume in the cord; both artery and 
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Table i. Comar of various ‘index valies for different fetal arteries.. 







; Vessel 













Baseline . 
(mean: st SD) 


9.36 + oei E 
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Fig. 3.. Doppler facto of umbilical artery and vein (A) and uterine artery (B). 












“After nifedipine 
. (mean. + SD) ' 


- 290 40.28 9. NS 


MCA (PI) “* AR: 
` RA (PI) LG | 2.49 = 0.56 2524040 -> NS. 
UA (PI) 2 0 st 1.06 + 0.20, 1.09 = 0.29. o NŚ 
SO URA@D e Fo a O77 £0.28 O71 + 021° o | NS 
L DA (PSV). OR ee Sey, O MLE HOE l4 ooo 7+ NS, 
AoV (TVI) x HR 2810 2) 2S L71 £267 1129 £ 210° NS 
PuV(TV).xHR i 7 ` 1032 + 280° "WOO+174 “NS | 





MCA, Middle cerebral artery; RA;, renal! ' artery; UA: “umbilical artery; Ut A, uteririe aftery; DA, ductus arteriosus; PSV, peak 
systolic velocity (centimeters per second); Ao; aortic’ valve; Puy, pulmonary valve; PZ, pukaniy index; TVI, time velocity integral; 


` HR, heart rate. l 
*Differences cana by t test: NS, ‘Not. «sigan. 





„veir could be recorded at the. same. time (Rg 3, A). 


The uterine arteries- (Fig. 3, BY were studied as de- 
scribed by Schulman et.al." Doppler velocity. waveforms ond 


were recordéd on videotape and a ‘compute system 
was’ used to calculate the pulsatility. index, ‘(peak 
velocity — end- diastoli¢ velocity/ mean. velocity) of the 
middle cerebral artery, renal artery obtained at level of 


the aorta, uthbilical artery, and uterine artery. Thé peak 


velocity of the ductus arteriosus was also obtained. The 


time velocity integral, defined as thé area under the ` 


Doppler velocity curve, was measured in the pulmonary 


mar at or slightly above’ the pulmonary’ valve (Fig. ` 
2, By and at the aortic valve (Fig. 2, C). The relationship 


“between aortic and. pulmonary ‘time velocity, integrals 


i mulfiplied by heart rate (a parameter, proportional to. 
: ventricular cardiac output)" was’ studied. Three: con- 


secutive’ waveforms were analyzed and the results av- 
eraged. Measurements were obtained only during fetal 
apnea. We. defined apnea as the absence of visible 


fi changes i in the waveform pastenns for at least 5 wave- 


forms. 


Paired Student's st test'was used to compare the base- se 


line pulsatility index values with those obtained after 


the’ start of nifedipine’ therapy. Analysis of variance was 
used to compare: the maternal blood pressure and heart 


l rate at different time intervals. A probability value of 
i <0.05.was considered to indicate statistical significance. 


ve 


Results 


_ The: maternal ; age ranged’ between 17 and 39 
(mean’ + SD 22.3 + 6). Parity ranged between Q and 


° 5. The. gestational age of the fetuses ranged from 26 
to 34, weeks (mean, + 8D 31+ 


2.5 weeks), l 
The short-term effects of nifedipine on the fetal cir- 
culation as evaluated by the Doppler method were ex- 
amined in the fetuses: The results are seenanaee in 
Table I. 5 ; 
' The maternal nifedipine Jevels 6 hours after thè ini- 


tial dose (2 hours after the second dose) were between 


23 and 145 ng/ml (51. 2 + 38 ng/ml) (n= = 8). Preterm 
labor abated in all- patients. Analysis of variance showed 


‘no significant difference i in the maternal blood pressure . 
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and heart rate (p > 0.05). No evidence of fetal distress 
was observed on the fetal heart rate monitor during 
the study period. The gestational age at delivery ranged 
between 33 and 41 weeks (mean + SD 38.5 + 2.54 
weeks). The birth weight ranged between 1860 and 
3950 gm (3026 + 692 gm). Apgar scores at 1 and 5 
minutes ranged between 6 and 9 (8.2 + 0.9) and 8 and 
10 (9.2 + 0.6), respectively. 


Comment 


Oral nifedipine has been ‘used to treat pregnancy- 
induced hypertension** and preterm labor.** Read and 
Wellby' found oral nifedipine to be more effective than 
ritodrine in suppressing premature uterine activity. 
Walters and Redman’ observed a rapid and significant 
fall in maternal blood pressure by an average of 26/20 
mm Hg 20 minutes after oral administration in 21 
women with acute episodes of severe hypertension dur- 
ing pregnancy or in the puerperium. These authors 
observed no adverse fetal effects. Veille et al.” found 
no significant changes in matérnal uterine blood flow, 
arterial blood pressure, and heart rate after intrave- 
nous administration of nifedipine in pregnant, un- 
anesthetized pygmy goats. Ahokas et al.'* investigated 
the short-term effects of nifedipine in 12 hypertensive 
term-pregnant rats. Nifedipine (200 pg/kg) lowered 
mean arterial pressure 25% by decreasing total pe- 
ripheral resistance 38%. Cardiac output was increased 
15%. Placental blood flow was not significantly altered, 
but resistance was decreased. 

Ducsay et al.,® during periods of spontaneous uterine 
contractility, administered nicardipine (another cal- 
cium channel blocker) to chronically catheterized rhe- 
sus monkeys, at 128 and 132 days’ gestation. Fetal heart 
rate and blood pressure were unaffected, however, fe- 
tuses became acidotic and hypoxemic after maternal 
nicardipine treatment. Harake et al.’ administered ni- 
fedipine intravenously for 30 minutes to chronically 
instrumented pregnant éwes. Infusion of 5 pg/kg/min 
resulted in a 30% to 50% increase in total and regional 
fetal cerebral blood flow. Infusion of 10 pg/ kg/min 
decreased uterine blood flow by 21% and fetal arterial 
oxygen content by 15%, with no further increase in 
feta] cerebral blood flow. Maternal arterial blood pres- 
sure decreased and heart rate increased with no change 
in maternal arterial blood gas values. The decrease of 
uterine blood flow reported by Harake et al.’ could be 
a consequence of the redistribution of the blood flow 
to other maternal circulatory regions. The acidosis and 
hypoxemia observed by Ducsay et al.® after adminis- 
tration of calcium channel blockers could be a conse- 
quence of the reduced uterine blood flow as reported 
by Skillman et al.” in the fetal lamb. 

Doppler studies have been shown to be a valuable 
tool to assess fetal well-being. Fetal Doppler studies 
have shown a correlation between abnormal flow ve- 
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locity waveforms of the umbilical artery and an in- 
creased incidence of complications in the fetus and/or 
infant.’* A significant relationship has been found be- 
tween the pulsatility index of the umbilical artery (> 1.5) 
in high-risk pregnant patients and pH, Pco., and lactate 
concentrations obtained from umbilical blood sampled 
in utero." The pulsatility index of cerebral waveforms 
has been found to be a powerful indicator for the 
development of neonatal neurologic abnormalities.” 
Pathologic uterine artery waveforms are associated with 
high-risk pregnancy.” Additionally, studies have dem- 
onstrated the ability of the Doppler technique to di- 
agnose tricuspid regurgitation and fetal ductus arte- 
riosus constriction, as a consequence of maternal in- 
domethacin therapy used in the treatment of preterm 
labor. !* 1l : 

Our results show no significant difference in the pul- 
satility index of the vessels studied. Additionally, no 
significant changes were observed in the peak velocity 
of the ductus arteriosus and the product of the time 
velocity integral and heart rate in the pulmonary and 
aortic valves. The lack of change in the latter suggests 
that no significant change in cardiac output occurred 
during nifedipine. It is possible that. higher doses of 
nifedipine and/or continuous intravenous administra- 
tion could modify the pulsatility index values. 

Plasma levels of nifedipine during the period of study 
were calculated with the effective half-life of the drug 
taken into account. Therapeutic effects of nifedipine 
(decrease of diastolic blood pressure) have been re- 
ported with plasma. values in the range of 15 ng/ml.™ 
Others, have reported a therapeutic action of nifedi- 
pine (decrease of mean arterial pressure) with ‘plasma 


values as low as 3 ng/ml.” Finally, a large interindi- 


vidual variation has been reported in the plasma level 
of nifedipine for different doses tested. Our maternal 
plasma nifedipine levels ranged from 23 to'145 ng/ml. 
Thus absence of wav eform changes occurred at a time 
when nifedipine was present in the circulation and pre- 
sumably exerting ‘other actions. 

This study demonstrates that it is possible to study 
the éffects of a calcium channel blocker on various hu- 
man fetal areas with a noninvasive method. Our results 
suggest that nifedipine does not adversely affect utero- 
placental and human fetal blood flow as evaluated by 
the Doppler method in the doses used for treatment 
of preterm labor in this study. Whether the same results 
will be obtained during long-term therapy or with a 
more aggressive dosage regimen remains to be estab- 
lished. 
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Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: Relationship to outcome 


Harbinder S. Brar, MD, Arnold L. Medearis, MD, Greggory R. DeVore, MD, and 


Lawrence D. Platt, MD 
Los Angeles, California 


Elevated systolic/diastolic ratios obtained by umbilical and uterine velocimetry have been used to predict 
adverse pregnancy outcome. We performed pretherapy umbilical and uterine velocimetry by means of 
continuous-wave Doppler ultrasonography on 92 patients who came for treatment in preterm labor. 
Fourteen (15.2%) and 12 (13%) patients had elevated uterine (>2.6) and umbilical (>3.5) systolic/diastolic 
ratios, respectively, and 9 (9.8%) patients had both ratios elevated. Overall 17 (18.5%) patients had at 
least one abnormal systolic/diastolic ratio. Patients with abnormal Doppler waveforms had a significantly 
shorter gestation, infants with lower birth weights, and a higher incidence of adverse pregnancy outcome 
as determined by meconium, cesarean section for fetal distress, low 1- and 5-minute Apgar scores, and 
days in the neonatal intensive care unit, compared with patients with normal systolic/diastolic ratios. There 
was no significant difference in the ability of uterine, umbilical, or combined velocimetry to predict preterm 
birth or adverse pregnancy outcome. Doppler studies in preterm labor patients may help to identify 
patients at increased risk for preterm birth and poor pregnancy outcome. Further studies are warranted to 
assess its usefulness in the evaluation of these patients. (AM J OpsTeT GYNECOL 1989;161:1519-22.) 


Key words: Doppler ultrasonography, preterm labor 


Perinatal morbidity and mortality have decreased 
over the last decade. However, further reduction in the 
incidence and complication of preterm birth continues 
to be a major goal in perinatal medicine.’ Some recent 
reports have suggested retarded fetal growth in pre- 
term deliveries.” The recent introduction of Doppler 
ultrasonography* has made it possible to study the 
fetoplacental* and uteroplacental? circulation in a non- 
invasive manner. Umbilical artery waveforms show in- 
creasing end-diastolic velocity with advancing gestation, 
probably as a result of increased compliance of the 
placenta.* Uterine artery compliance is achieved late in 
the second trimester, reflected by a peak systolic/end- 
diastolic (S/D) ratio of <2.6 and the absence of diastolic 
notching.’ Umbilical and uterine artery waveforms ob- 
tained by Doppler ultrasonography have been useful 
for the surveillance of high-risk pregnancies including 
hypertension,’ twins,’ diabetes,’ and placenta previa.® 
Abnormalities in waveforms also have been correlated 
with adverse pregnancy outcome in the preterm? and 
term’ small-for-gestational-age fetus. Our previous 
studies have shown the effect of tocolytic agents on 
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these waveforms"! and an association between abnor- 
mal waveforms and failure of tocclysis.'? The principal 
objective of this study was to determine the incidence 
of uterine and umbilical artery waveform abnormalities 
in patients with preterm labor and their ability to pre- 
dict preterm birth and adverse pregnancy outcome in 
such pregnancies. 


Material and methods 


Ninety-two consecutive patients in preterm labor who 
were seen at the labor and delivery suite of Women’s 
Hospital, Los Angeles County—University of Southern 
California Medical Center were. studied. All patients 
signed informed consent forms before entry into the 
study. Inclusion criteria included premature uterine 
contractions with a frequency of =2 in 10 minutes, <36 
completed weeks of gestation, documented cervical 
change, and cervical dilation <4 cm. Patients with rup- 
tured membranes, known intrauterine growth retar- 
dation, medical complications of pregnancy, or a 
mature lung profile were excluded from the study. 
Pretherapy umbilical and uterine artery waveforms 
were obtained transabdominally with continuous-wave 
Doppler ultrasonography (Angioscan III, Ultrasonix 
Inc.) according to previously described techniques.” 
S/D ratios of three different umbilical waveforms were 
computed and the mean calculated. The mean of the 
right and left uterine artery S/D ratios was also cal- 
culated and used in the statistical analysis. Patients were 
then treated with ritodrine or magnesium sulfate ac- 
cording to the managing physician’s choice. Magnesium 
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sulfate tocolysis was given as a 4 gm intravenous bolus 
over 15 minutes and maintenance therapy ranging 
rom 1 to 4 gm/hr to suppress uterine contractions. 
Ritodrine was given as an intravenous infusion with a 
starting dose of 50 ug/min that was increased by 50 
wg/min every 15 minutes until uterine contractions 
were suppressed, a maximum dose of 350 j.g/min was 
reached, or significant side effects occurred. Data col- 
lected included age, parity, gestational age at entry and 
delivery, meconium at delivery, cesarean section for 
fetal distress, birth weight, and its classification for ges- 
tational age by California curves (small for gestational 
age was defined as <10th percentile), Apgar scores, 
Dubowitz score, neonatal death, and number of neo- 
natal intensive care unit days. Patients were grouped 
for analysis according to whether or not they had nor- 
mal or abnormal uterine and umbilical artery wave- 
forms. A mean S/D ratio of >2.6 or the presence of 
diastolic notching of the uterine artery waveform was 
considered abnormal,’ whereas the cutoff value for ab- 
normal umbilical S/D ratio was 3.5." This value was 
arbitrarily set higher than the traditional 3.0 value" 
because the patient population was preterm and the 
umbilical S/D ratio decreases with advancing gestation. 
The study: group was also evaluated according to 


whether both uterine and umbilical waveforms were 


abnormal or normal. Comparison of outcome measures 
consisting of birth weight, preterm delivery at <37 
completed weeks of gestation, small for gestational age, 
meconium, cesarean section for fetal distress, number 
of neonatal intensive care unit days, and neonatal 
deaths were performed in the different groups with x? 
or Fisher’s exact test as appropriate. A p value <0.05 
was considered statistically significant. Descriptive sta- 
tistics were calculated in the usual manner. The sen- 
sitivity, specificity, and predictive values of umbilical, 
uterine, and combined velocimetry for the prediction 
of adverse pregnancy outcome and preterm birth were 
also calculated. 


Results 

Fifty-eight patients received magnesium sulfate and 
34 patients received ritodrine tocolysis. The mean ma- 
ternal age was 24.5 + 2.6 years (range, 18 to 32), and 
the mean parity was 1.8 + 0.8 (range, 0 to 5). The mean 
gestational age at entry was 32.7 + 1.8 (range, 27 to 
36) weeks; women had a mean cervical dilation of 
1.2 + 0.5 cm (range, 0.5 to 4). The incidences of ab- 
normality in umbilical and uterine S/D ratios were 12 
patients (13%) and 14 patients (15.2%), respectively. 
Nine (9.8%) patients had an abnormal umbilical $/D 
ratio and an abnormal uterine S/D ratio. Seventeen 
(18.5%) patients had at least one abnormal S/D ratio. 
There was no significant difference in the mean ges- 
tational age and cervical dilation at entry in the normal 
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and abnormal groups. The relationship of the umbilical 
S/D ratios to long-term pregnancy outcome is shown 
in Table I. A significantly higher number of patients 
with elevated umbilical S/D ratios were delivered pre- 
term, and consequent their infant had lower birth 
weight when compared with patients with normal ra- 
tios. A significantly higher number of patients with ab- 
normal umbilical S/D ratios had outcome parameters 
suggestive of adverse pregnancy outcome, including 
meconium in amniotic fluid, cesarean section for fetal 
distress, and low Apgar scores, compared with patients 
with normal ratios. Neonates of patients with abnormal 
umbilical S/D ratios spent a significantly longer time in 
the neonatal intensive care unit compared with patients 
with normal ratios. The single neonatal death in the 
group studied occurred in a patient with both abnormal 
ratios. 

An association similar to umbilical S/D ratios was 
found between abnormal uterine S/D ratios and ad- 
verse pregnancy outcome (Table I). The mean gesta- 
tional age and birth weight at delivery of patients with 
abnormal uterine S/D ratios was significantly lower 
(p < 0.05) than patients with normal ratios. There was 
a significant association between adverse pregnancy 
outcome as assessed by meconium, low Apgar scores, 
and cesarean section for fetal distress and abnormal 
uterine S/D ratios. In addition, neonates of patients 
with abnormal uterine ratios spent significantly (p < 
0.05) more days in the neonatal intensive care unit com- 
pared with patients with normal ratios. 

When both uterine and umbilical velocimetry are 
combined, nine patients had both ratios abnormal. 
There was a significant association between adverse 
pregnancy outcome and both ratios being abnormal 
(Table I). 

The sensitivity, specificity, and positive and negative 
predictive values of umbilical, uterine, and combined 
velocimetry for the prediction of adverse pregnancy 
outcome and preterm birth are shown in Table II. 
There were no statistically significant differences in the 
predictive values, sensitivity, or specificity when differ- 
ent methods were compared. 


Comment 


Our previous study” showed the association between 
elevated umbilical and uterine S/D ratios and the fail- 
ure of tocolysis with delivery within 48 hours. This 
study evaluates the role of screening Doppler waveform 
analysis to subsequent pregnancy outcome in preterm 
labor patients. Although we do not have a control pop- 
ulation without preterm labor, the overall incidence 
(18.5%) of abnormal umbilical and uterine ratios in this 
group of patients is higher than that expected in a low- 
risk population, but similar to that reported in other 
high-risk pregnancy conditions." The presence of el- 
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Table I. Relationship of pregnancy outcome to pretherapy S/D ratios obtained from umbilical, uterine, 
and combined velocimetry in patients with perterm labor 










Umbilical S/D ratio Uterine SID ratio Both ratios 








Normal Abnormal 


(n = 75) 





Meconium 9 (11.3%) 7 (58.3%)* 10 (12.8%) 6 (42.9%)* 10 (13.3%) 5 (55.6%)* 
Cesarean section for 9 (11.3%) 4 (33.3%)* 8 (10.3%) 5 (35.7%)* 8 (10.7%) 4 (46.4%)* 
fetal distress 

l min Apgar score <7 10 (12.5%) 6 (50%)* 11 (14.1%) 5 (35.7%)* 10 (13.3%) 5 (55.6%)* 
5 min Apgar score <7 5 (6.3%) 4 (33.3%)* 5 (6.4%) 4 (28.6%)* 5 (6.7%) 3 (33.3%)* 
Preterm birth 25 (31.3%) 10 (83.3%)t 24 (30.8%) «11 (78.6%)t 24 (32%) 8 (88.9%)+ 
Birth weight (gm) 3100 + 322 2240 + 220* 3105 + 326 2210 + 235* 3090 + 312 1920 + 209* 
SGA 0 3 (25%) 0 3 (21.4%) 0 3 (33.3%) 
NICU (days) 12.5 + 4.8 29,1 + 8.6* 13.0 + 4.6 29.8 + 8.8* 12 + 5.2 31.3 + 9,7* 
Neonatal deaths 0 1 (8.3%) 0 1 (7.1%) 0 1 (11.1%) 





Comparisons were done between normal and abnormal groups. SGA, Small for gestational age; NICU, neonatal intensive care 


unit. 
*p < 0.05. 
tp < 0.01. 
Values expressed as mean + SD. 


Table II. Comparison of umbilical, uterine, and combined velocimetry for prediction of preterm birth 
and adverse pregnancy outcome in patients with preterm labor* 





Uterine 31.4 94.7 ` 69.2 
Umbilical 28.6 96.5 68.8 
Combined 25 98.1 68 











Adverse pregnancy outcome 


Specificity NPV 





78.6 39.1 92.8 82.1 64.3 
83.3 34.8 94.2 81.3 66.7 
88.9 40 98.4 84 88.9 





Differences not significant in comparing methods. NPV, Negative predictive value; PPV, positive predictive value. 


*Preterm birth was defined as <37 weeks. Adverse pregnancy outcomes included small-for-gestational-age fetus, cesarean 
section for fetal distress, meconium, and low l- and 5-minute Apgar scores. 


evated S/D ratios presumably represents elevated 
downstream vascular resistance. There appears to be 
a progressive increase in the incidence of poor perinatal 
outcome and increase in S/D ratios with progressive 
changes within the placental vasculature.’ Therefore 
the association between elevated S/D ratios and the 
presence of adverse pregnancy outcome in patients 
with preterm labor is consistent with other reports that 
suggest a similar association in other high-risk preg- 
nancies, including pregnancy-induced hypertension, 
twins, diabetes,’ and placenta previa.’ 

Abnormal uterine and umbilical S/D ratios have both 
been associated with retarded fetal growth.’® 7 Abnor- 
mal (retarded) growth has also been observed in neo- 
nates delivered after preterm birth and premature rup- 
ture of membranes.’ Although patients with prenatally 
diagnosed intrauterine growth retardation were ex- 
cluded from the study, three neonates were classified 
as having intrauterine growth retardation after deliv- 
ery; all three had abnormal umbilical and uterine S/D 
ratios. It is possible that other neonates who were not 
overtly growth retarded had abnormal slowing of the 


growth but had not fallen below the 10th percentile. 
Therefore the presence of abnormal S/D ratios in pa- 
tients with preterm labor may be another indicator of 
decreased fetal growth, requiring careful assessment of 
fetal growth for the duration of pregnancy and the 
initiation of antepartum fetal assessment protocols. 

There does not appear to be any significant differ- 
ence in the predictive values or sensitivity and specificity 
of use of either the fetoplacental (umbilical) or the 
uteroplacental (uterine) S/D ratios or a combination of 
both in predicting adverse pregnancy outcome and pre- 
term birth. Many of the fetuses we studied had both 
waveforms abnormal, and therefore would suggest that 
increased resistance on either side of the placenta has 
an equally adverse effect on the fetus. 

Whereas abnormal ratios appear to predict preterm 
birth (<37 weeks) reasonably well, their sensitivity ap- 
pears to be lower when compared with the prediction 
of failed tocolysis (delivery <48 hours after onset of 
preterm labor), as suggested in our previous study.” 


The patients with abnormal and normal S/D ratios had 


similar gestational ages and cervical dilation at time of 
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entry into the study. Therefore the higher incidence of 
preterm birth in patients with abnormal umbilical and 
uterine S/D ratios cannot be attributed to these vari- 
ables. The role of uterine and umbilical velocimetry as 
a screening test in predicting preterm delivery in the 
-general population is unknown and requires further 
investigation. 

The association of abnormal waveforms with preterm 
birth is intriguing, It is possible that the stress of in- 
creased uterine or umbilical resistance and decreased 
flow may be linked to altered prostaglandin synthesis 
and production."* This may also explain the high in- 
cidence of preterm labor and birth in other high-risk 
pregnancies that also have a high incidence of abnormal 
uterine and umbilical ratios. Another possible expla- 
nation for this relationship may be that preterm labor 
patients have a reduced expansion of intravascular vol- 
ume that is also seen in patients with preeclampsia." It 
is interesting to speculate that this more limited intra- 
vascular volume expansion could contribute to abnor- 
mal waveforms seen in preterm labor and preeclampsia 
of pregnancy.’ Clearly further study is needed in this 
area to answer these questions. 

The relationship of the success of tocolytic therapy 
to Doppler waveform has previously been shown." 
Whether or not an abnormal Doppler waveform will 
prove to be a contraindication to tocolytic therapy has 
not been studied. However, from our previous work! 
it appears that there is no direct adverse effect on 
S/D ratios when tocolytic agents are used. In fact, the 
lowering of the S/D ratio caused by increasing heart 
rate” might somehow benefit the fetus. These hypoth- 
eses require well-designed prospective studies that in- 
clude standard methods of fetal assessment, such as the 
nonstress testing, contraction stress test, or biophysical 
profile, and assessment of biochemical parameters of 
pregnancy outcome, such as umbilical cord gas mea- 
surements. In conclusion, it appears that incorporating 
umbilical and uterine artery velocimetry in the initial 
assessment of patients suspected to be in preterm labor 
may be a helpful adjunct in managing these pregnan- 
cies. Further study is warranted before its use can be 
considered standard for evaluation of preterm labor 
patients. 
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Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow 


Michael Y. Divon, MD, Barbara A. Girz, DO, Richard Lieblich, MD, and 
Oded Langer, MD 
Bronx, New York 


This study was conducted to evaluate prospectively a management protocol for fetuses with a markedly 
abnormal umbilical artery velocity waveform. The study population consisted of fetuses whose 
systolic/diastolic ratio was >2 SD above the mean for ‘gestational age. The matched contro! population 
consisted of fetuses with similar gestational ages, indications for testing, and estimated fetal weights with 
normal systolic/diastolic ratios. Acnormal Doppler results were used only to determine the frequency of 
fetal testing. Biophysical profile testing was performed semiweekly on all patients. Patients with absent or 
reversed end-diastolic flow were admitted for daily testing. The following criteria were used as indications 
for delivery: (1) worsening maternal condition, (2) oligohydramnios, (3) intrauterine growth retardation with 
lung maturity, and (4) biophysical profile score <4. Fifty-one patients (7%) had abnormal Doppler bidod 
flow velocity studies. When the study population was compared with the control population at the time of 
delivery, there were no differences in umbilical artery pH, Apgar score, or incidence of intrauterine growth 
retardation. However, Study patients were delivered at a significantly lower gestational age and lower birth 
weight and experienced a higher likelihood of neonatal intensive caré unit admission. When study patients 


with documented end-diastolic flow were compared with study patients with no end-diastolic flow, there 
were no differences in umbilical artery pH, Apgar score, or incidence of intrauterine growth retardation. 
However, fetuses with no end-diastolic flow had a significantly shorter test-to-delivery interval, lower 
gestational age, lower birth weight, and more neonatal intensive care unit admissions. There were no 
perinatal deaths among the study patients. The range of systolic/diastolic ratios for the five patients who 
failed to follow our protocol for intensive maternal-fetal surveillance was 4.3 to infinity; all experienced fetal 
death within 18 days. These results suggest that immediate delivery of the fetus with diminished 
end-diastolic flow may not be mandatory. The combined use of fetal biophysical testing and commonly 
used criteria for delivery results in acceptable fetal outcome and prolongation of gestational age. (Am J 


Osstet GynecoL 1989;161:1523-7,) 


Key words: Fetal Doppler, umbilical artery velocimetry management 


Abnormal umbilical artery velocity waveforms have 
been associated with an increased risk for perinatal 
morbidity and mortality. Such waveforms probably re- 
flect increased placental impedance to blood flow and 
are consistent with histologic evidence of a placental 
vascular lesion.' Recent reports have described the om- 
inous fetal outcome associated with a markedly abnor- 
mal umbilical artery velocity waveform. Some authors 
have suggested that perinatal management of these 
pregnancies should be “aggressive” because perinatal 
mortalities range from 50% to 90%." * Woo et al.’ de- 
scribed eight perinatal deaths in nine fetuses with ab- 
sent or reversed umbilical artery end-diastolic blood 
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flow and concluded that this situation mandates im- 
mediate delivery, Schulman? suggested that absent end- 
diastolic flow is an emergency situation in which “fre- 
quent fetal surveillance” is mandatory. Despite the in- 
creased interest in the use of Doppler techniques in 
obstetrics, guidelines for clinical managetnent of such 
pregnancies have not been established. The purpose of 
this study was to evaluate a management protocol for 
pregnancies complicated by a markedly abnormal um- 
bilical artery velocity waveform. 


Material and methods 

A prospective, matched control study of two groups 
of fetuses was designed. The study population con- 
sisted of patients with markedly abnormal umbilical 
ar tery end-diastolic flow; the control population con- 
sisted of patients with similar indications for fetal tést- 
ing, gestational ages, and estimated fetal weights with 
a normal umbilical artery blood flow pattern.. No at- 
tempt was made to match for maternal age and parity. 

The study population was drawn from a private, 
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Table I. Indications for fetal testing* 


Hypertensive disorders of pregnancy 49% 
. Intrauterine growth retardation ; 35% 
Diabetes mellitus 11% 
Other - oo, 5% 





*Study and control patients. 


Table II. Indication for delivery 









Control 


group 
(n= 51) 


` Fetal indications (%) 65 20 <0.01° 


_ Maternal indications (%) 19 12 NS 
Spontaneous onset of 16 68 <0.01 
labor (%) 








middle-class patient population. evaluated at the 
Maternal-Fetal Assessment Center of the Albert Ein- 
stein College of Medicine. Patients with congenital 
anomalies, postdate pregnancies, or gestational age 
<26 weeks were excluded from the study. The study 
period extended from July 1, 1985, throügh Jan. 31, 
1989. Umbilical artery velocity waveforins were ob- 
tained with a continuoiis-wave Doppler device (Fetal- 
Flo, Medasonics, Calif., or Angioscan III, Multigon, 
N.Y.). The location of the umbilical cord was deter- 
mined by a real-time ultrasonographic scanner, and the 
Doppler transducer was aimed in the direction of the 
umbilical cord. We accepted recordings for analysis 
only after obtaining a steady state of at least five con- 
secutive pulsatile arterial waveforms. The umbilical ar- 
tery flow velocity waveform was characterized by the 
ratio of peak systolic/end-diastolic frequencies (S/D ra- 
tio). Three S/D ratios were determined per patient, and 
the results were averaged. No waveforms were obtained 
during periods of fetal. breathing movements, body 
movements, or cardiac arrhythmias. An S/D ratio >2 
SD above the mean for gestational age for, this pop- 
ulation was used to define a markedly abnormal test 
result.” The absence of end-diastolic flow was confirmed 
by turning off the thump filter during the examination. 
Alterations of end-diastolic flow were uséd only to de- 
termine the frequency of fetal testing. Biophysical pro- 
file testing was performed semiweekly on all patients. 
Patients with absent or reversed end- diastolic flow were 
admitted for bed rest and daily fetal testing. The fol- 
lowing criteria were used as indications for delivery: 
(1). worsening maternal condition, (2) oligohydramnios 
(largest pocket of amniotic fluid <2 cm), (3) severe 
intrauterine. growth retardation (IUGR) (when the so- 
nographic estimated fetal weight was <8rd percentile 
for gestational age) with established lung maturity,’ (4) 
biophysical profile score =4 (abnormal fetal heart rate 


December 1989 
Am J Obstet Gynecol 


was not used as a sole criterion for delivery). Patients 
with abnormal S/D ratios were not considered candi- 
dates for tocolysis; steroids were administered if deliv- 
ery was planned or expected between 28 and 32 weeks’ 
gestation. Outcome data were collected and included 
diagnosis-to-delivery interval, indication for delivery, 
mode of delivery, Apgar score, umbilical artery pH, 
gestational age at birth, birth weight, neonatal intensive 
care unit admission, ʻand perinatal mortality. Gesta- 
tional age was determined by the last menstrual period 
arid an ultrasonographic examination before 22 weeks’ 
gestation. IUGR was identified when the birth weight 
was below the 10th percentile for gestational, age ac- 
cording to the Brenner curve.? Results were compared 
by Student’s t test, Wilcoxon’s test, or X? as appropriate 
and considered significant ät p < 0.05. 


Results 


_ During the study padod 1186 doden pregnancies 
were evaluated. Four hundred sixty-eight patients were 
excluded (17 with significant fetal anomalies and 451 
with postdate pregnancies). Fifty-one patients (7%) had 
an S/D ratio >2 SD above the mean for gestational age. 
Fifteen of these patients had no end-diastolic flow; 3 
of these 15 had reversed end-diastolic flow. The indi- 
cations for fetal testing and delivery for the study pa- 
tients and their matched controls are presented . in. 
Tables I and II, respectively. Most study patients (and 
therefore their matched controls) had either hyperten- 
sion, diabetes, or JUGR. Study patients were. signifi- 
cantly more likely to be delivered because of fetal in- 
dications and were therefore much less likely to ex- 


„perience spontarieoùs onset of labor. 


Table III compares patient characteristics and fetal 
outcome for studv and control patients. There were no 
significant differences in umbilical artery pH, Apgar 
score, or incidence of IUGR, However, study patients 
were delivered at a significantly lower gestational age, 
lower birth weight, and with a higher incidence of neo- 
natal intensive care unit admissions. Table IV compares 
study patients with.and without end-diastolic flow. 
There were no significant differences in umbilical ar- 
tery pH, incidence of IUGR, or Apgar score <7 at 5 
minutes. However, those fetuses with no end-diastolic 
flow had a significantly shorter test-to-delivery interval; 
lower mean gestational age, lower birth weight, and 
higher incidence of neonatal intensive care uhit ad- 
missions. ' 

There were no perinatal deaths among the study o: or 
control patients. However, there were five patients with 
abnormal S/D ratios who failed to follow our protocol 
for intensive maternal-fetal monitoring. Fetal death was 
confirmed within 18 days of the abnormal test. The 
range of S/D ratios for these patients was 4.3 to infinity. 
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Table III. Patient characteristics and fetal outcome 
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S/D ratio* (mean + SD) ` 

Test-to-delivery interval (days; median, range) 
Cesarean sections (%) ° 

Umbilical artery pH (mean + SD) 

Apgar score <7 at 5 min 

Gestational age at birth (wk; mean + SD) 

Birth weight (gm; mean + SD) 

IUGR (<10th percentile for gestational age) (%) 
NICU admissions (%) 

Perinatal deaths 


Study group Control group 

(n = 51) (n = 51) p 
5.50 + 1.5 2.57 + 0.52 <0.01 
21 (0-113) 43 (0-96) <0.01 
67 29 <0.01 

7.24 + 0.045 7.28 + 0.05 NS 

> 2 1 NS 
35.4 + 3.6 38.5 + 2.5 <0.05 
1860 + 713 2980 + 560 <0.01 

70 59 NS 
57 31 <0.05 

0 0 NS 





NICU, Neonatal intensive care unit. 


*To calculate this mean, an S/D ratio of 8 was assigned to all cases of S/D ratio = infinity. 


Table IV. Characteristics and fetal outcome in study patients with and without end-diastolic flow 








S/D ratio (mean + SD) 

Test-to-delivery interval (days; median, range) 
Cesarean sections (%) 

Umbilical artery pH (mean + SD) 

Apgar score <7 at 5 min 

Gestational age at birth (wk; mean + SD) 

Birth weight (gm, mean + SD) 

IUGR (<10th percentile for gestational age) (%) 
NICU admissions (%) 


End-diastolic flow 





4.72 + 0.43 Infinity 
24 (3-113) 4 (0-11) <0.01 
63 87.5 NS 
7.25 + 0.07 7.21 + 0.047 NS 
l 1 : NS 
36 + 3 33 + 3.9 <0.05 
2002 + 650 1376 + 701 <0.05 
69 75 : NS 
47 80 <0.05 





NICU, Neonatal intensive care unit. 


All patients were hypertensive, and fetal testing at the 
time of:the Doppler study was indicative of a nonas- 
phyxiated fetus. 


Comment 

The fetal biophysical profile is commonly used for 
antepartum fetal assessment. Several studies have 
shown that a high biophysical profile score predicts fetal 
health with excellent accuracy. Doppler velocimetry 
has been recently discussed as a potential means of fetal 
surveillance." Several investigators have shown that 
abnormal umbilical artery velocity waveforms can be 
detected before the development of abnormalities 
noted on traditional fetal testing. Furthermore, recent 
reports haye emphasized the ominous pregnancy out- 
come associated with markedly abnormal umbilical ar- 
tery velocity waveforms.?* The usefulness of fetal bio- 
physical profile testing in patients with markedly ab- 
normal umbilical-artery velocity waveforms has not 
been previously assessed. The results of this study in- 
dicate that intensive monitoring of patients with very 
abnormal umbilical artery velocity waveforms, com- 
bined with the use of commonly accepted criteria for 
delivery, results in acceptable fetal outcome. 


Our results demonstrate that fetuses with an abnor- 


mal umbilical artery velocity waveform are at a signif- 


icantly increased risk for early delivery, decreased birth 
weight, and neonatal intensive care unit admission. 
Berkowitz et al. evaluated fetal outcome among 
growth-retarded fetuses and have shown that those 
with an abnormal S/D ratio were at increased risk for 
early delivery, reduced birth weight, decreased amni- 
otic fluid at birth, and neonatal intensive care unit ad- 
mission. Similar results have been reported by other 
investigators.’* 1° 

The mean gestational age at delivery for the study 
patients was significantly lower than that for the control 
patients (35.4 + 3.6 vs. 38.5 + 2.5 weeks, respectively). 
In addition, patients with no end-diastolic flow were 
delivered at a significantly lower gestational age than 
study patients in whom some end-diastolic flow could 
be documented (33 + 3.9 vs. 36 + 3 weeks, respec- 
tively). These findings are probably related to the fact 
that as end-diastolic flow diminishes, the need to deliver 


| the patient increases. The median test-to-delivery in- 


terval for study patients with documented end-diastolic 
flow was 24 days, compared with a median of 4 days 
for study patients with absent end-diastolic flow. Three 
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patients with reversed end-diastolic flow were all deliv- 
ered on the day of the Doppler test. The same phe- 
nomenon is also reflected by the neonatal birth weights. 
The mean birth weights for control subjects, study pa- 
tients with documented end-diastolic flow, patients with 
no end-diastolic flow, and patients with reversed end- 
diastolic flow were 2980, 2002, 1376, and 1150 gm, 
respectively. Thus, as the end-diastolic flow diminishes, 
the birth weight and the birth weight percentile are also 
smaller. On the basis of these data, it seems that um- 
bilical artery diastolic flow should be considered as a 
continuum. This phenomenon i is also time dependent. 
Although most study patients were delivered because 
of fetal or maternal indications, a few (16%) reached 
term.and began labor spontaneously before the ill ef- 
fects of the increased placental impedance could be 
documented by traditional end points, such as abnor- 
mal fetal testing, abnormal cord gas. values, or presence 
of IUGR. 

Should patients with no end-diastolic flow be deliv- 
er ed immediately? The range of diagnosis to delivery 
in the study group was 0 to 11 days, with a mean ges- 
iational age of 38 weeks. Although they were delivered 
within a median of 4. days of the abnormal test, these 
preterm fetuses would probably benefit from a no- 
intervention policy as long as other fetal testing mo- 
dalities indicate fetal health. Brar and Platt" evaluated 
31 fetuses with no end-diastolic fow whose diagnosis- 
to-delivery interval was 2 to 29 days and concluded that 
“it appears premature to intervene ‘in a pregnancy 
solely on the basis of abnormal waveforms because an- 
tepartum improvement can occur.” However, their 
perinatal mortality rate was 32.3%. The diagnosis-to- 
delivery interval in our study is much shorter than that 
reported by Brar and Platt and is the probable-expla- 
nation for the fact that we report a lower perinatal 
death rate. : y i 

Brar and Platt? reported their experience with 12 
fetuses who demonstrated umbilical artery reversed 
erid-diastolic flow. Their test-to-delivery interval was 5 
to 7 days and their perinatal mortality was 50%. Our 
experience with this group of patients is limited. Three 
of the study patients had reversed end-diastolic flow. 
These fetuses were delivered on the day of the Doppler 
test because of a biophysical profile score =4, were 
mildly acidotic at birth (with cord arterial pH values of 
7.11, 7.14, and 7.21), were admitted to the neonatal 
intensive care unit, and had birth weights below the 
5th percentile for gestational age. All mothers were 
hypertensive and one had superimposed preeclampsia. 
There were no perinatal deaths. Thus it seems unlikely 
that the duration of pregnancy can be significantly pro- 
longed once the placental impedance is increased to the 
extent that it causes a rebound of blood: flow during 
diastole. 

Five study patients failed to follow our protocol for 
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intensive fetal-maternal assessment. All five experi- 
enced intrauterine fetal death. The perinatal morbidity 
of the monitored study patients was zero, and their 
umbilical arterial pH was not statistically significant 
from that of the control patients (7.24 + 0.045, range 
7.11 to 7.32, vs. 7.29 + 0.04, range 7.18 to 7.36, re- 
spectively). Furthermore, the fact that the lowest pH 
value obtained on the study patients was 7.11 seems to 
indicate that, despite the presence of very abnormal 
velocity waveforms, intensive monitoring combined 


- with commonly accepted criteria for delivery was useful 


in preventing severe forms of fetal acidosis. The other 
management option would have been to deliver these 
fetuses immediately after documentation of a markedly 
abnormal umbilical arterial waveform. If this had been 
done, study patients would have been delivered at an 
undesirably low mean gestational age of 32.2 weeks 
instead of the actual gestational age at delivery, 35.4 
weeks (Table II). 

Because the purpose of our study was to evaluate 
commonly used fetal monitoring techniques in fetuses 
with abnormal umbilical artery velocity waveforms, pa- 
tients with either significant congenital anomalies or 
gestational age <26 weeks were excluded from this 
study. Several investigators reported that abnormal 
waveforms can be detected in these patient popula- 
tions.* '* '® Our reasons for exclusion of these patients 
seem obvious: (1) The management of significant con- 
genital anomalies is complex and not always related to 
the ability to document fetal well-being; (2) we did not 
intend to study the efficacy of fetal surveillance before 
26 weeks of gestation. Patients with postdate pregnan- 
cies were excluded from the study on the basis of our 
previous experience showing that “umbilical artery ve- 
locimetry is unlikely to be useful for the antenatal as- 
sessment of the postdate fetus.” Clearly, fetal outcome 
reported by investigators who include lethal congenital 
anomalies or gestational ages <26 weeks, or both, is 
expected to be less satisfactory than that reported in 
our study. 

In conclusion, umbilical artery diastolic blood flow 
should be considered on a continuum. As the end- 
diastolic flow decreases, perinatal morbidity increases. 
The difficulty with delivery of every fetus with an ab- 
normal umbilical artery velocity waveform is that these 
waveforms are often detected at early gestational ages 
when delivery may result in iatrogenic prematurity. 
The use of Doppler velocimetry, fetal biophysical test- 
ing, and commonly used criteria for delivery may result 
in a prolonged gestanonal age with acceptable fetal 
outcome. 
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Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus arteriosus 


after indomethacin therapy 


Giancarlo Mari, MD, Kenneth J. Moise, Jr., MD, Russell L. Deter, MD, 
Brian Kirshon, MD, James C. Huhta, MD, Robert J. Carpenter, Jr., MD, and 


David B. Cotton, MD 


Houston, Texas 


To investigate the effects of constriction of the ductus arteriosus on the pulsatility index of the middle 
cerebral artery, maximum velocity waveforms were obtained in 13 fetuses (one set of twins) whose 
mothers were treated with indomethacin for preterm labor (n = 9) or polyhydramnios (n = 3). Eleven of 
the fetuses manifested ductal constriction within 48 hours of therapy, whereas two fetuses had constriction 
after 1 week of therapy. Six of the 13 fetuses also manifested tricuspid insufficiency in association with 
constriction of the ductus arteriosus. All abnormal cardiac changes resolved in utero after discontinuation 
of indomethacin. No difference in the pulsatility index values of the middle cerebral artery was observed in 
the fetuses with ductal constriction but without tricuspid regurgitation (n = 7) when the values were 
compared with those obtained in absence of ductal constriction (1.87 + 0.37 vs. 1.88 + 0.33). In the 
fetuses that manifested both ductal! constriction and tricuspid insufficiency (n = 6), the pulsatility index 
values in the middle cerebral artery were significantly lower in the presence of ductal constriction when 
compared with the values obtained in the absence of ductal constriction (2.22 + 0.26 vs. 1.57 + 0.34). 
These results indicate that a response to indomethacin sutficient to cause both ductal constriction and 
tricuspid insufficiency decreases the pulsatility index of the middle cerebral artery. (AM J OBSTET GYNECOL 


1989;161:1528-31.) 


Key words: Fetal Doppler, fetal cerebral circulation, pulsatility index, middle cerebral artery, 


ductus arteriosus 


Indomethacin has been used during pregnancy in 
the management of preterm labor’? and polyhydram- 
nios.* * At our institution Doppler assessment of the 
fetal ductus arteriosus is performed in all women 
treated with indomethacin because of its ability to cause 
fetal ductal constriction.** The constriction of the fetal 
ductus arteriosus may redistribute the blood flow from 
the right to the left ventricle as has been reported in 
animal work.’ In these circumstances an increase in 
blood flow to the brain could occur because of the 


greater amount of blood ejected by the left ventricle | 


toward the brain.® 

The purpose of this study was to investigate blood 
flow velocity waveforms in the fetal middle cerebral 
artery before and during indomethacin treatment to 
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determine whether ductal constriction caused by this 
drug alters hemodynamic parameters in the cerebral 
circulation. 


Material and methods 


Image-directed pulsed and continuous-wave Dopp- 
ler techniques were used to obtain maximum fetal 
blood velocity waveforms from the ductus arteriosus, 
tricuspid valve, and middle cerebral artery in 13 fetuses 
(one set of twins) whose mothers were treated with 
indomethacin for preterm labor (n = 9) or polyhy- 
dramnios (n = 3). The menstrual age varied between 
25 and 33 weeks (mean + SD: 30 + 2.5 weeks). Seven 
fetuses manifested ductal constriction (group A); six 
fetuses also manifested tricuspid insufficiency in asso- 
ciation with constriction of the ductus arteriosus (group 
B). Nine fetuses were noted to have normal baseline 
echocardiograms with subsequent constriction of the 
ductus arteriosus. Baseline echocardiograms were not 
obtained in four fetuses. In these four cases values ob- 
tained within 4 days from the resolution of ductal con- 
striction were used as baseline values. The indometh- 
acin dose in all the patients was 25 mg orally every 6 
hours. 

Doppler ultrasonographic studies were done with a 
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General Electric PASS II dynamic image scanner. A 2.5 
MHz transducer was used with a 2 mm sample volume. 
A 50 Hz high-pass filter was used. The maximal Dopp- 
ler ultrasonographic energy was 114 mW/cm’, spatial 
peak temporal average. The fetuses were examined 
with the mothers in a semirecumbent position. 

Doppler examination of the middle cerebral artery 
was performed as reported previously.® After imaging 
the ductus arteriosus in a sagittal plane as described 
by Huhta et al? and Moise et al, pulsed and 
continuous-wave Doppler examinations of the ductus 
were performed and the maximal velocities were ob- 
tained. The tricuspid valve was examined in the four- 
chamber view of the heart. 

The Doppler velocity waveforms were recorded on 
videotape and a computer system was used to calculate 
the following variables: peak systolic velocity, peak di- 
astolic velocity, end-diastolic velocity, and mean velocity. 
Three consecutive waveforms were analyzed and the 
results averaged. The mean pulsatility index (peak 
systolic velocity — end diastolic velocity/mean veloc- 
ity) was then calculated for the middle cerebral artery. 
Ductal constriction was defined as the presence of a 
fetal ductal systolic velocity >1.4 m/sec in conjunction 
with a diastolic velocity of >0.35 m/sec.’ Tricuspid 
regurgitation was considered to be present if a holo- 
systolic regurgitation wave with a velocity >2 m/sec 
was detected with continuous-wave Doppler. Measure- 
ments were obtained only during fetal apnea. We con- 
sidered apnea to be the absence of visible changes in 
the waveform patterns for at least 15 waveforms. 

Paired Student’s ¢ tests were used to compare the 
pulsatility index values in the middle cerebral artery in 
the presence and absence of ductal constriction. A 
probability value <0.05 was considered to indicate sta- 
tistical significance. 


Results 


Eleven fetuses manifested ductal constriction within 
48 hours after the initiation of therapy (Fig. 1). In two 
fetuses the increased blood velocity in the ductus was 
observed after 1 week of therapy. Ductal constriction 
and tricuspid insufficiency resolved in all fetuses within 
48 hours of discontinuation of the therapy. No adverse 
fetal or neonatal effects were observed as a result of 
changes in ductal of tricuspid valve flow velocity wave- 
forms. 

No significant difference in the values of pulsatility 
index of the middle cerebral artery was seen in the 
seven fetuses with ductal constriction but without 
tricuspid insufficiency (1.87 + 0.37 vs. 1.88 + 0.33) 
(Tables I and IH). A significant difference was observed 
in group B with both ductal constriction and tricuspid 
regurgitation (2.22 + 0.26 vs. 1.57 + 0.34; p < 0.05; 
Tables If and II). An evaluation of the power of this 


Doppler fetal cerebral circulation and ductal constriction 1529 








ow 
att 
pareuman 

A EENAA A E E A EN ET A A E a 11 
eat bee yt, i Pean yin: pe 


DWN iad Kei 


are i is 





ee ee te et D 
‘+ SPAR DREADS, ei 
se inp 


IMR s Ce 


Fig. 1. Doppler waveforms of the ductus arteriosus before (A) 
and during (B) indomethacin treatment. (Diastolic velocity in 
B is 40 times the value recorded in A). Panel C shows the 
normal tricuspid valve waveform away from the transducer 
(large arrow), with a regurgitant wave (four arrows) (4 m/sec) 
into the right atrium toward the transducer. All values are 
reported in centimeters per second. 


test indicated that differences 219% could have been 
detected with a probability of 90%." 


Comment 


Indomethacin may cause constriction of the fetal 
ductus arteriosus during pregnancy in animals,” and 
the resulting pulmonary arterial hypertension may 
cause rapid death after delivery.” Recently a Doppler 
method has been validated for recording the blood ve- 
locity waveform in the human fetal ductus arteriosus 
that allows detection of ductal constriction in utero.* ° 
From our experience in more than 500 studies of the 
human fetal ductus arteriosus, tricuspid insufficiency 
(Fig. 1, C) is often associated with ductal constriction 
when peak systolic and diastolic velocities in the 
Doppler waveforms of the ductus arteriosus are almost 
identical to those in Fig. 1, B. Tricuspid regurgitation 
probably results from elevated pressure in the right 
ventricular outflow tract produced by severe ductal 
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Fig. 2. Doppler waveforms of the middie cerebral artery ybekóre (A) ad during (B) ductal constriction 


with tricuspid insufficiency. ; 
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Table IT. Pulsatility index values of middle sth 
cerebral artery in six fetuses with ductal 
constriction and tricuspid insufficiency. 
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constriction that leads to mild endocardial ischemia 
‘with papillary muscle dysfunction.” 

Our results indicate that when both deel’ constric- 
tion and tricuspid insufficiency occur simultaneously, 
the pulsatility index of the middlé cerebral artery is 
significantly reduced (Tables II and HI; Fig. 2), but this 
change is not seen if only ductal constriction is present 


“two, groups of fetuses’ 


By 


Table YI. . Pulsatilitý. index values 
(mean + SD), of middle cerebral artery in the 










Index after 
indomethacin treatment 
(mean + SD) 





Patient Baseline ined 
(mean + SD) 
‘1.88 + 0.33 NS 

1.57 + 0.34 <0.05 


7°. 187 +.0.37 
6, 222E 0.96 





NS, Not significant. 
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(Tables Tand IID). The lower pulsatility index observed 
in these circumstances suggests hemodynamic changes 
consistent with an increase of cerebral blood flow. This 


change in flow would be a result of a redistribution of 


- venous, return from the right to the left ventricle, as 
` has been demonstrated experimentally in fetal dogs 
after ligation of the ductus arteriosus.’ Blood ejected 


by the fetal left ventricle is directed principally to the 
head and upper trunk.* If an increase of venous return 


“to the left ventricle occurs as a result of severe con- 
~ “striction of the ductus arteriosus, an increase in cerebral 


blood flow would be expected. 
Such changes in the pulsatility index of the middle . 


cerebral artery are considered by several investigators 
'* to indicate fetal hypoxia. In a longitudinal study of 14 


fetuses, Woo et al.’ assessed: the velocity waveforms of 
the middle cerebral artery by determining the peak 
systolic velocity/end diastolic velocity (A/B) ratio (often 
used as an alternative to the pulsatility index), Hypoxic 
fetuses were found to have a lower A/B value. Wla- 
dimiroff et al." observed that in fetuses with intra- 
uterine growth retardation there was an increase of the 


end-diastolic velocity in the internal carotid artery and 
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a decrease of the pulsatility index when compared with 
normal fetuses. These studies in the human fetus are 
consistent with experimental studies” showing that 
hypoxia induces increased cerebral blood flow by de- 
creasing peripheral resistance. 

Patients treated with indomethacin may also have 
disease processes that increase the risk of fetal hypoxia. 
If ductal constriction and tricuspid insufficiency are 
present, Doppler studies of cerebral arteries may be 
misleading because changes consistent with hypoxia 
could occur in the absence of hypoxia as a result of the 
blood redistribution’ caused by ductal constriction. In 
such situations other indicators of hypoxia must be eval- 
uated. 

Flow velocity waveforms of the middle cerebral ar- 
tery are not useful in evaluation of the effects of the 
indomethacin therapy on the ductus arteriosus in all 
cases because ductal constriction without tricuspid in- 
sufficiency does not influence the pulsatility index of 
the middle cerebral artery. na 

In summary, when the middle cerebral artery of a 
fetus whose mother takes indomethacin is evaluated, it 
is fundamental to exclude ductal constriction and tri- 
cuspid insufficiency because these conditions may affect 
changes in the Doppler waveforms obtained from the 
cerebral circulation that could be incorrectly inter- 
preted to represent fetal hypoxia. The decrease of the 
pulsatility index of the middle cerebral artery that we 
observed suggests, but does not prove, an increase in 
blood flow to the brain if indomethacin produces severe 
ductal’ constriction. Discontinuation of the therapy is 
not followed by adverse fetal or neonatal effects. 
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Human fetal tricuspid and mitral deceleration time: Changes 
with normal pregnancy and intrauterine growth retardation 


Kathryn L. Reed, MD, Christopher P. Appleton, MD, David J. Sahn, MD, and 
Caroline F. Anderson, RDMS 


Tucson, Arizona, and San Diego, California 


Studies in instrumented adults have shown an association between Doppler echocardiography—derived 
atrioventricular valve deceleration times and ventricular function. To determine how gestational age affects 
deceleration time in the tricuspid and mitral valve, pulsed Doppler ultrasonographic examinations were 
performed in 54 normal human fetuses. In addition, 26 fetuses with growth retardation and the absence of 
énd-diastolic Doppler velocities in the umbilical artery were examined. Measurements were obtained from 
strip chart recordings; between three and five beats were used to obtain an average heart rate, ratio of 
peak velocity at atrial contraction to peak velocity in early diastole, and deceleration time in early diastole. 


Deceleration times’increased during gestation from 86 + 27 to 116 + 18 msec in the tricuspid valve and 
frem 98 + 25 to 132 + 21 msec in the mitral valve. Fetuses with growth retardation and the absence of 
end- -diastolic Doppler velocities in the umbilical artery had: longer deceleration times than those of normal 
fetuses (p < 0.01). The increase in deceleration time across both atrioventricular valves in normal fetuses 
may ‘be related to heart rate, an increased rate of ventricular relaxation, or an increase in ventricular 
compliance. The fetuses with intrauterine growth retardation and.the absence of end-diastclic velocities jn 
the umbilical artery have abnormally increased. deceleration times; in the abnormal fetus this may be a 
result of impaired ventricular relaxation or decreased ventricular compliance. (Au J OBSTET GYNECOL 


1989;161;1532-5,) 
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“ Studies in instrumented adults have shown an asso- 
ciation between Doppler echocardiography—derived 
mitral and tricuspid flow velocity deceleration times 
and ventricular function. Mitral deceleration time cor- 
relates with the maximal negative rate of fall of pres- 
sure, the height of the left ventricular rapid filling wave 
{(—-dP/dt), pulmonary wedge pressure, left ventricular 
systolic pressure, and left ventricular end-diastolic 
pressure.' In addition, mitral valve deceleration time 
correlates with the rate of left ventricular relax- 
azion.? 

We studied Doppler echocardiography—derived de- 
celeration times across the tricuspid and mitral valves 
in normal human fetuses and fetuses with intrauterine 
growth retardation (IUGR) and the absence of end- 
diastolic velocities in the umbilical artery (AEDV). The 
study was performed to establish the changes that occur 
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during gestation and the changes that occur in the pres- 
ence of fetal cardiac dysfunction associated with IUGR. 
AEDV is associated with IUGR and increased perinatal 
morbidity and mortality.” Fetuses with AEDV were 
found ‘to have alterations in cardiac function as deter- 
mined by Doppler ultrasonographic measurements of 
volume-flow and mitral valve velocity waveforms." 

We hypothesized that inasmuch as fetal cardiac func- 
tion differs from adult cardiac function, the Doppler 
echocardiography—derived mitral and tricuspid flow 
velocity deceleration times in the fetus should vary from 
normal adult values, Both animal® and human’ studies 
have shown that cardiac function changes with age; 
therefore, deceleration time should lengthen with ad- 
vancing gestation as heart rate decreases and the myo- 
cardium matures. In addition, because fetal heart rate 
is faster, deceleration time may be shorter than in the 
adult. Finally, changes in deceleration time would be 
predicted in association with the alterations in cardiac 
function in fetuses with abnormalities of umbilical 
artery velocity that accompany presumed increases in 
placental resistance. 


Methods 

Fetuses with suspected IUGR or suspected anomalies 
were subjects of this study. Approval for performance 
of Doppler ultrasonographic studies of the fetuses was 
obtained from the Human Subjects Committee, and 
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Table I. Atrioventricular valve deceleration times in normal fetuses 








Gestational weeks 









Tricuspid valve heart rate (beats/min) 144.8 + 11.6 
Mitral valve heart rate (beats/min) 142.2 + 11.6 
Tricuspid valve A/E ratio 1.45 + 0.23 
Mitral valve A/E ratio 1.45 + 0.29 
Tricuspid valve deceleration time (msec) 86 + 27 
Mitral valve deceleration time (msec) 98 + 25 


p Value 


140.7 + 8.9 136.1 + 10.6 132.8 + 10.4 NS* 


141.4 + 10.7 137.4 + 10.9 132.2 + 15.1 NS 
1.29 + 0.08 1.26 + 0.13 1.20 + 0.12 <0.01 
1.28 + 0.22 1.18 + 0.19 Lil + 0.17 <0.01 

89 + 26 115 + 27 116 + 18 <0.01 
103 + 22 124 + 23 132 + 2] <0.01 





Values are reported as mean + SD. 


*p Values compare fetuses at 36 to 39 weeks with fetuses at 20 to 27 weeks. 


individual mothers gave informed consent. Fetuses un- 
derwent two-dimensional examinations for establish- 
ment of fetal size and anatomy, location of the placenta, 
and amount of amniotic Auid. Normally grown fetuses 
with normal umbilical artery Doppler ‘flow velocity 
waveforms and without congenital anomalies were sub- 
sequently defined as normal. Pulsed Doppler flow ve- 
locity tracings were obtained from the tricuspid valve 
and mitral valve in 54 normal fetuses and 26 fetuses 
with IUGR and the absence of end-diastolic Doppler 
velocities in the umbilical artery. Strip chart recordings 
obtained during the fetal examinations were measured 
with a digitizing board. Measurements performed in- 
cluded heart rate, peak velocity during early diastole 
(E), peak velocity during atrial contraction (A), ratio 
of peak velocity during atrial contraction to peak 
yelocity during early: diastole (A/E ratio), and decel- 
eration. time. Deceleration time was measured from 
the peak velocity during early diastole to the time 
the slope of the deceleration curve intersected the 
zero line. Values from three cardiac cycles were aver- 
aged for each fetus (Fig. 1). For two-dimensional 
studies, 3.5 and 5.0 MHz transducers were used; 3.5 
MHz transducers were used for Doppler ultrasono- 
graphic studies. 

Gestational age was established with menstrual dates 
and ultrasonographic measurements. For the purposes 
of analysis, normal fetuses were divided into four 
groups: those between 20 and 27 weeks’ gestation, 28 
to 31 weeks’ gestation, 32 to 35 weeks’ gestation, and 
36 to 39 weeks’ gestation. In addition, measurements 
from the group of fetuses with IUGR and the absence 
of end-diastolic velocities in the umbilical artery were 
compared with measurements from the entire group 
of normal fetuses. Growth retardation was defined as 
less than the tenth petecnule birth weight by institu- 
tional standards. 

Statistical analysis consisted of compar ison of group 
means with the Student £ test, and correlation of values 
with regression analysis; p values of 0.05 were consid- 
ered significant. 


Table II. Correlations between atrioventricular 
valve Doppler echocardiographic 
measurements, heart rate, and gestational age 


l : [ R values | values | p Values 








Tricuspid valve A/E'ratio versus tri- —0.31 ` <0.05 
cuspid valve deceleration time 

Mitral valve A/E ratio versus mitral -041 <0.01 
valve deceleration time 

Tricuspid valve A/E ratio versus 0.53 <0.001 
heart rate 

Mitral valve A/E ratio versus heart 0.53 «0.001 
‘rate 

Tricuspid valve A/E ratio versus -0.56 <0.001 
‘gestational age 

Mitral valve A/E ratio versus gesta- -0.53 <0.001 

tional age f 

Tricuspid valve heart rate versus —0.44 <0.01 
‘gestational age ‘ 

Mitral valve heart rate versus gesta- -0.38 <0.01 
tional age 

Tricuspid valve deceleration time -0.42 <0.01 

© versus heart rate i 

Mitral valve deceleration time versus —0.59 <0.001 
heart rate : 

Tricuspid valve deceleration time 0.46 <0.001 
versus gestational age 

Mitral valve deceleration time. versus 0.53 <0.001 
gestational age 

Tricuspid valve A/E ratio versus mi- 0.65 <0.001 
tral valve A/E ratio “ 

Tricuspid valve deceleration time 0.69 <0.001 
versus mitral valve deceleration 
time 
Results 


Changes in heart rate, tricuspid and mitral valve 
A/E ratios, and tricuspid and mitral valve deceleration 
times in the four groups of fetuses divided by gesta- 
tional age are reported in Table I. Correlations between 
tricuspid and mitral valve A/E ratios, heart rates, 
gestational age, and deceleration times are shown in 
Table II. ‘Table III compares measurements from the 


group of fetuses with IUGR and AEDV with thé entire s ; 


group of normal fetuses. The average gestational” age./ 
of the group with IUGR and AEDV was 368.3 + 4.6 


aa 
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Fig. 1. Mitral valve Doppler flow velocity tracing in 34-weeks’ gestation fetus with absence of end- 
diastolic velocity in umbilical artery. Deceleration time is measured from time of peak velocity during 
early diastole to time of intersection of deceleration slope with zero line. Dots are 0.5 seconds apart 


in horizontal plane. 


Table III. Comparison of normal fetuses and fetuses with IUGR and absence of end-diastolic velocities 





Triscuspid valve heart rate (beats/min) 
Mitral valve heart rate (beats/min) 


Tricuspid valve peak velocity during early diastole 
(cm/sec) 

Tricuspid valve peak velocity during atrial contraction 
(cm/sec) ` i 


Mitral valve peak velocity during early diastole (cm/sec) 
Mitral valve peak velocity during atrial contraction 
(cm/sec) 


Tricuspid valve A/E ratio 
Mitral valve A/E ratio 


Tricuspid valve deceleration time (msec) 
Mitral valve deceleration time (msec) 







Fetuses with IUGR 
and absence of 
end-diastolic velocities 

n = 26 





All normal fetuses 
n = 54 





p Value 


138.9 + 11.0 143.3 + 8.9 NS 
138.7 + 12.1 142.6 + 8.9 NS 
35.1 + 6.8 31.0 + 10.0 NS 
44.9 + 7.8 39.4 + 11.3 <0.05 
32.4 + 7.5 27.5 + 7.8 <0.01 
39.9 + 8.8 31.2 + 10.7 <0.001 
1.31 + 0.17 1.30 + 0.21 NS 
1.26 + 0.25 1.10 + 0.24 <0.01 
(p = NS) (p < 0.01) 

101 + 28 119 + 18 <0.001 
113 + 26 127 +'17 <0.01 
(p < 0.05) (p = NS) 





weeks, compared with the average gestational age of 
the normal group of 31,1 = 4.7 weeks (p = NS). 

In fetuses with IUGR and AEDV between 20 and 
27 weeks’ gestation, tricuspid valve deceleration time 
(138 + 31 msec, n = 5) was longer than normal 
(p < 0.01), and mitral valve deceleration time (127 + 
18 msec, n = 5) was longer than normal (p < 0.02). 
Tricuspid valve peak velocity during early-diastolic 
filling (26.8 + 3.3 cm/sec) was less than normal 
(p < 0.05), as was tricuspid valve peak velocity during 


atrial contraction (34.9 + 9.5 cm/sec, p < 0.05). Mitral 
valve peak velocity during early-diastolic filling was also 
lower than normal (20.8 + 4.2 cm/sec, p < 0.01), as 
was mitral valve peak velocity during atrial contraction 
(24.3 + 9.9 cm/sec, p < 0.01). 


Comment 

Cardiovascular physiology in the fetus is usually ex- 
amined with the use of noninvasive methods and this 
necessarily limits the amount of information obtained. 


Volume 161 
Number 6, Part I 


Information about blood pressure and resistance are 
only estimated; volume flow can be calculated but has 
a large component of error.’ Studies that correlate in- 
formation derived invasively from the instrumented 
adult to information derived noninvasively by Doppler 
echocardiography were extrapolated to the fetus. In a 
recent study by Appleton and colleagues,' left ventric- 
ular function was examined in the adult by compar- 
ing pressure and flow data with various Doppler 
echocardiography—derived indices from mitral flow ve- 
locity recordings obtained simultaneously. Mitral flow 
velocity deceleration times were correlated with ven- 
tricular diastolic properties including the rate of relax- 
ation of the left ventricle. In general, mitral decelera- 
tion time was correlated with the maximal negative 
rate of fall of pressure (~dP/dt), the height of the 
left ventricular rapid filling wave, pulmonary wedge 
pressure, left ventricular systolic pressure, and left 
ventricular end-diastolic pressure. In addition, at rel- 
atively normal atrial filling pressures, deceleration 
time was also related to the time constant of isovolumic 
relaxation.’ 

In this study of normal fetuses, tricuspid and mitral 
flow velocity deceleration times were shortened as com- 
pared with adults. This may be partly because the adult 
heart rate averaged 65 beats/min in the study that re- 
ported a normal mitral valve deceleration time in adults 
of 193 + 23 msec,' although the effects of heart rate 
on deceleration time have been only preliminarily stud- 
ied. Atrioventricular valve deceleration time increased 
with gestational age and decreased with A/E ratio and 
heart rate. Tricuspid and mitral valve A/E ratios in- 
creased with heart rate and decreased with deceleration 
time and gestational age. 

Human fetal life can be complicated by the devel- 
opment of growth retardation and later neonatal dif- 
ficulties. Pulmonary hypertension is a known compli- 
cation of the chronic intrauterine hypoxia associated 
with severe growth retardation. Fetuses with the ab- 
sence of end-diastolic velocities in the umbilical artery 
were shown to have a high incidence of cardiac chamber 
dilatation, wall hypertrophy, and pulmonary hyperten- 
sion in a preliminary study.’ Perinatal morbidity and 
mortality were increased in the group of fetuses with 
the absence of end-diastolic velocity in the umbilical 
artery,” and cardiac function has been studied in this 
group.’ These studies showed an increase in the relative 
amount of blood that flows through the right ventricle 
and pulmonary artery (2.15:1), compared with that in 
the left ventricle and aorta in normal fetuses (1.33: 1).4 
In addition, a lower mitral valve A/E ratio was also 
shown, which suggests that changes had occurred in 
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ventricular filling pressures or left ventricular diastolic 
function. Doppler echocardiographic measurements 
from fetuses with AEDV, an extreme of umbilical artery 
velocity abnormality, were therefore used in this report 
to compare with measurements from normal fetuses. 

In fetuses with AEDV, tricuspid and mitral flow ve- 
locity deceleration times were longer than normal. This 
may occur as a result of a slower relaxation time in the 
ventricles of these fetuses. The mitral valve A/E ratio 
during early diastole ratio was lower than the tricuspid 
valve ratio. This is because peak velocities were de- 
creased both during early diastole and during atrial 
contraction. Both peak velocities may be decreased in 
response to lower volume flow through the left side of 
the fetal heart with AEDV.‘ 

We conclude that in the normal fetus, Doppler 
echocardiography—derived mitral and triscupid fow 
velocity deceleration times are shorter than those in 
normal adults and increase during gestation. In fetuses 
with IUGR and AEDV, deceleration time is abnormally 
prolonged. Whereas these changes may occur in part 
as a result of a decrease in heart rate, changes in 
ventricular chamber or myocardial compliance may 
also explain the lengthening of deceleration time in 
normal fetuses with advancing gestation. The changes 
in fetuses with IUGR and AEDV most likely result 
from a prolongation of ventricular relaxation, per- 
haps because afterload increases with placental resis- 
tance. 
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Effect of placental laterality on uterine artery resistance and 
development of preeclampsia and intrauterine 


growth retardation 


Alexander D. Kofinas, MD, Mary Penry, RN, Melissa Swain, RN, and 


Christos G. Hatjis, MD 
Winston-Salem, North Carolina 


We studied 153 pregnant women with normal pregnancies and 147 women with complicated pregnancies 
(diabetes, hypertensive disorders, and intrauterine growth retardation) to evaluate the association of 
placental location and the development of preeclampsia, intrauterine growth retardation, and uterine artery 
resistance. The placental location was determined by real-time ultrasonography, and the uterine artery 
resistance was determined by continuous-wave Doppler flew velocity waveform analysis. In the presence 
of preeclampsia or intrauterine growth retardation, up to 75% of the patients had unilaterally located 
placentas and 25% central placentas, whereas in the absence of these two conditions only 51% of the 
patients had unilateral and 49% central placentas (p < 0.02). In patients with unilateral placentas, the 
incidence of preeclampsia and intrauterine growth retardation was 2.8-fold and 2.7-fold greater than in 
patients with central placentas (p < 0.03 and p < 0.01). Among all patients unilateral placental location 
was more likely to be associated with abnormal uterine artery flow velocity waveforms than central 
placental location (p < 0.001). We conclude that unilateral placental location may predispose to the 
development of preeclampsia and intrauterine growth retardation by its effect on uterine artery resistance. 


(Am J OpsTeT GYNECOL 1989;161:1536-9.) 


Key words: Placenta, preeclampsia, intrauterine growth retardation, flow velocity waveform 


analysis 


The significance of placental location in the uterine 
cavity has been studied extensively. Placental location 
has been found to correlate with fetal position and pre- 
sentation,"” length of gestation,® course of labor,* pres- 
ence of preeclampsia,* ° and pregnancy outcome.’ 
Several methods have been used to document placen- 
tal location, including manual exploration of the 
uterus, soft tissue x-ray films, and isotopic placentog- 
raphy." In the past two decades ultrasonography has 
proved to be the safest, easiest, and most accurate 
method for assessing placental location.” *° 

The relationship between placental location and the 
development of preeclampsia has been examined pre- 
viously with controversial results.*° In the two previous 
reports the placental location was examined with re- 
gard to its proximity to the uterine fundus. The two 
groups used different methods. There has been no 
study to.examine the clinical significance of placental 
laterality and its association with the. development 
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Table I. Patient characteristics according to 
placental location 









Placenta location 





Central | Unilateral |p Value 


Maternal age (mean + SD) 23.9 + 6.0 23.9 + 5.3 1.00 


20 +11 1912 0.92 
06 +08 062408 0.84 


Gravidity (mean + SD) 
Parity (mean + SD) 





of preeclampsia and intrauterine growth retardation 
(IUGR). There is a significant association between pla- 
cental location and uterine artery resistance." It is pos- 
sible that placental location may influence uterine ar- 
tery blood flow distribution and predispose the preg- 
nancy to such adverse outcomes as preeclampsia, 
premature birth, and IUGR. This study was designed 
to examine the association of placental laterality and 
uterine artery resistance and the development of pre- 
eclampsia and IUGR. 


Material and methods 


A total of 311 patients were enrolled in the study. 
Eleven were excluded because of insufficient preg- 
nancy outcome information. Of the remaining 300 pa- 
tients, 153 had normal uncomplicated pregnancies, and 
147 patients had pregnancies complicated by diabetes 
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Table I. Relationship of placental laterality and presence or absence of preeclampsia, IUGR, or both 











Preeclampsia IUGR Preeclampsia, IUGR, or both 
Placental location Yes No Yes No “Yes No 
Central 9 (26%) 129 (49%) 11 (25%) 127 (49%) 16 (28%) 117 (48%) 
Unilateral 25 (74%). 137 (51%) 30 (75%) 132 (51%) 41 (72%) 126 (52%) 
x? test p< 0.03 p < 0.02 p < 0.007 





mellitus (n = 39), hypertensive disorders (n = 69), and 
pregnancies suspected of IUGR (n = 39). Of the 39 
women with diabetes 18 had gestational diabetes and 
21 had insulin-dependent diabetes. The normal pa- 
tients were recruited from a population referred to the 
ultrasonography unit for pregnancy dating and from 
the low-risk prenatal clinic. The high-risk patients were 
recruited from a population referred to the antenatal 
testing unit for fetal surveillance. All high-risk patients 
were examined during the third trimester of preg- 
nancy. The majority of the normal patients were also 
examined during the third trimester, and the remain- 
der were examined between 24 and 28 weeks of ges- 
tation. The study was approved by the institution’s Clin- 
ical Research Practices Committee; all patients gave 
written informed consent. 

Diagnosis and classification of the hypertensive dis- 
orders were according to criteria of the American 
College of Obstetricians and Gynecologists. Growth 
charts appropriate for our population were used to 
classify the infants as small for gestational age or ap- 
propriate for gestational age.'® 

The placental location was determined by real-time 
ultrasonography. The method has been previously de- 
scribed." In brief, the placenta was classified as right, 
left, or central regardless of its anteroposterior and 
fundal position. For the purpose of analysis the patients 
with right or left placentas were classified as having 
unilaterally located placentas. Placental location was 
evaluated without prior knowledge of the flow velocity 
waveforms. The interobserver variation in assignment 
of placental location was 13%. 

The flow velocity waveforms were obtained with the 
mother lying comfortably in a slight left lateral tilt ac- 
cording to method that has been described previously." 
A 4 MHz continuous-wave Doppler device equipped 
with a real-time spectrum analyzer was used to obtain 
the uterine artery flow velocity waveforms. Briefly, two 
measurements were obtained from each side. The av- 
erage of the two measurements on each side is classified 
as right uterine artery flow velocity waveform and left 
uterine artery flow velocity waveform, respectively. 
When necessary for comparisons, the mean of the right 
and left uterine arteries is classified as the uterine artery 
flow velocity waveforms. The uterine artery flow ve- 
locity waveforms were classified as abnormal if they 


Table III. Incidence of preeclampsia and 
IUGR in study group according to 
placental location 









Placental location 





Unilateral 


Presence of preeclampsia 


Yes 9 (6.5%) 25 (15.4%) 
No 129 (93.5%) 137 (84.6%) 
x, p < 0.03 


Presence of IUGR 


Yes 11 (8%) 30 (18.5%) 
No 127 (92%) 132 (81.5%) 
Xp <0.01 





exceeded the 95th percentile of our normal values (sys- 
tolic/ diastolic ratio >2.8 after 24 weeks’ gestation). The 
intraobserver coefficient of variation for the flow ve- 
locity waveforms was 8%. Statistical significance of the 
results was evaluated by the y’ test. A value of p < 0.05 
was considered statistically significant. 


Results 


Data from a total of 300 patients were used for anal- 
ysis. There was no difference in the incidence of lat- 
erality between pregnancies <28 weeks’ gestation and 
those of >28 weeks or between white and nonwhite 
patients. Maternal characteristics are listed in Table I. 
The incidence of the different placental locations with 
regard to laterality in the entire group was as follows: 
central, 46%; right-sided, 33%; left-sided, 21%. Thus 
the incidence of unilateral placentation was 54%. The 
incidence of unilateral placentation in the normal 
group was not statistically different from the group of 
high-risk patients (52% vs. 56%). However, when the 
patients with preeclampsia and/or IUGR were grouped 
together and compared with the rest of the patients, 
significant associations and differences were found 
(Table II). 

Patients with unilateral placental location had a 2.8- 
fold higher increase in the incidence of preeclampsia 
than patients with centrally located placentas (p< 
0.03}. Similarly, patients with unilateral placental lo- 
cation had a 2.7-fold increase in the incidence of IUGR 
than patients with centrally located placenta (p < 0.01, 
Table III). 
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Table IV. Placental laterality according to uterine artery flow velocity wave forms 











Right or left uterine artery 





Mean of both sides 





Placental location Abnormal 








Central 20 (27%) 
Unilateral 55 (73%) 
x? test p < 0.001 


Normal 


118 (52%) 
107 (48%) 





Abnormal Normal 








16 (30%) 122 (49%) 
37 (70%) 125 (51%) 
p < 0.02 





Regardless of which vessel was examined (right or 
left uterine artery or the mean of the two sides), 73% 
to 73% of patients with abnormal flow velocity wave- 
forms had unilaterally located placentas (Table IV). In 
the presence of preeclampsia and abnormal uterine 
artery flow velocity waveforms (n = 20), 16 (80%) of 
the patients had unilateral placentas and only four 
(20%) had centrally located placentas. In the presence 
of IUGR with abnormal uterine artery flow velocity 
waveforms (n = 18), 15 (83%) of the patients had vni- 
lateral placentas and only three (17%) had central pla- 
centas. In the group of diabetic patients five (13%) de- 
veloped preeclampsia; four of those five patients (80%) 
had unilateral placentas and only one (20%) had a cen- 
tral placenta. - 


Comment 


This study provides evidence of the existence of a 
significant association between placental laterality and 
the presence of preeclampsia, IUGR, or both. It also 
appears that the placenta is located laterally in the ma- 
jority of patients with abnormal uterine artery flow ve- 
locity waveforms. ` 

The association of placental location and the devel- 
cpment of preeclampsia has been examined twice with 
contradictory results.** Both reports examined the pla- 
cental location with regard to the proximity of the pla- 
centa to the fundus. Booth et al.’ found a significant 
association between fundal placentas and the presence 
of preeclampsia; they explained it by Bieniarz’s theory. 
Bieniarz” theorized that when the placenta is located 
high in the uterine cavity, the draining of the utero- 
placental circulation might cause a pathologic redistri- 
bution of blood in the renal and visceral circulation, 
resulting in preeclamptic toxemia. In contrast, Little 
and Friedman’ failed to find any association between 
highly implanted placentas and preeclampsia. 

Preeclampsia and IUGR are both conditions strongly 
related to poor placental development and function. 
Khong et al. showed that poor trophoblastic conver- 
sion of the spiral arterioles leads to development of 
preeclampsia, IUGR, or both conditions. It has been 
shown in humans that both uterine arteries have a sig- 
nificant number of branches and that each supplies the 
corresponding uterine side. In some patients arcuate 
branches of the uterine artery cross over to the ozher 


side and create major anastomoses.” Although ana- 
tomic anastomoses between the two uterine arteries ex- 
ist, there is no proof that these anastomoses are func- 
tional. 

When the placenta is laterally located, the uterine 
artery close to the placenta has lower resistance than 
the one opposite from it. In patients with centrally lo- 
cated placentas both uterine arteries demonstrate sim- 
ilar resistance.'* *° It is possible that when the placenta 
is centrally located, the uteroplacental blood flow needs 
are met by equal contribution from both uterine ar- 
teries. However, when the placenta is laterally located, 
in the majority of patients the uteroplacental blood flow 
needs are to be met primarily by one of the uterine 
arteries, with some contribution by the other uterine 
artery via collateral circulation. The degree of collateral 
contribution, however, may not be the same in all pa- 
tients and deficient contribution may facilitate the de- 
velopment of preeclampsia, IUGR, or both. The exis- 
tence of major vascular anastomoses in some patients 
may explain the normal uterine artery flow velocity 
waveforms and the absence of preeclampsia and IUGR 
despite the presence of a unilateral placenta. 

The pathophysiologic characteristics of preeclampsia 
are complex and the cause remains unknown. One of 
the fundamental disturbances in patients with this con- 
dition is decreased uteroplacental blood flow. However, 
whether this is the cause or the result of preeclampsia 
is yet to be discovered. Our data indicate that the pres- 
ence of a unilateral placenta and abnormal uterine ar- 
tery flow velocity waveforms (suggestive of high uterine 
artery resistance) is strongly associated with preeclamp- 
sia. Studies are currently being conducted both in the 
United States and abroad to evaluate the impact of 
aspirin in the prevention of preeclampsia. Further 
studies are necessary to evaluate the sensitivity of pla- 
cental laterality and abnormal uterine artery flow ve- 
locity waveforms zs a predictor of the development of 
preeclampsia. If this proves to be the case, the use of 
aspirin in those patients who are at increased risk will 
help prevent or at least ameliorate some of the severe 
consequences of preeclampsia. 

In summary, this study is the first to demonstrate a 
significant relationship between placental laterality and 
the presence of preeclampsia, IUGR, or both. There is 
strong evidence to indicate that patients with unilateral 
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placentation are more likely to have abnormal uterine 
artery flow velocity waveforms indicative of high uter- 
ine artery resistance. It is specu lated that insufficient 
collateral blood supply in patients with unilateral pla- 
centation may facilitate the development of preeclamp- 
sia, IUGR, or both. Further study of this relationship 
is needed to evaluate its sensitivity as a screening tool 
for patients at risk to develop preeclampsia or IUGR. 
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Ultrasonographic criteria for the prenatal diagnosis of placental 


chorionicity in twin gestations 


Hung N. Winn, MD," Sandro Gabrielli, MD, E. Albert Reece, MD,* 
J. Andres Roberts, MD,* Carolyn Salafia, MD,’ and John C. pei MD” 


New Haven, Connecticut 


Thirty-two patients with uncomplicated twin pregnancies had ultrasonographic examinations for genetic 
amniocentesis, confirmation of twinning, or assessment of fatal growth. The dividing membranes between 
the fetuses were visualized, and the thickness of the membranes was measured. With a thickness of 

2 mm used as a cutoff point, the accuracy in predicting monochorionic or dichorionic twinning was 82% 
and 95%, respectively. Prenatal assessment of these dividing membranes may be heipful in the l 
management of twin gestations. (AM J OBsTET Gynecol 19€9;161:1540-2.) 


Key words: Twins, chorion, amnion, ultrasonography, prenatal diagnosis 


In the United States, the overall incidence of twin- 
ning is about one in 90 pregnancies.! Complications 
from twin pregnancies still contribute significantly to 
the overall perinatal mortality and morbidity. The in- 
cidence of morbidity is affected by the status of the 
placental chorion and amnion. Since monochorioric 
placentas almost always have some vascular anasto- 
moses between the two fetal circulations, identification 
of placental chorion is useful in the management of a 
twin pregnancy, especially when it is complicated by 
growth discrepancy, fetal hydrops, or fetal death. 
Whereas the identification of different fetal genders or 
two separate placentas indicates dichorionic twinning,” 
differentiation between monochorionic and dicho- 
rionic placentas must rely on other parameters when 
only one placenta or similar genders exist. Qualitative 
evaluation of the dividing membranes by ultrasonogz- 
raphy has been attempted to determine the type of 
placental chorion.* The current study was undertaken, 
however, to quantitatively establish the sonographic cri- 
teria for the prenatal diagnosis of chorion status in twin 
gestations. 


Patients and methods 


This study was conducted at the Perinatal Unit of 
Yale-New Haven Hospital during the period January 
1987 to January 1988. Indications for ultrasonographic 
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examination included confirmation of twin gestation, 
assessment of fetal growth, and genetic amniocentesis. 
The dividing membranes between the twins were eval- 
uated as part of the ultrasonographic examination. Af- 
ter the membranes were well visualized and delineated, 
their thickness was measured between the outer bor- 
ders, perpendicular to the long axis of the membrane 
segment (Fig. 1), without prior knowledge of fetal gen- 
der or number of placentas. The segment of thé divid- 
ing membranes used was as perpendicular to the ul- 
trasonographic beams as possible to utilize the better 
axial resolution. The ultrasonographic scans were ob- 
tained with the Acuson-128 ultrasonography machine 
(Acuson, Mountinview, Calif.) with 3.5 and 5 MHz 
transducers and an axial resolution of about 0.5 mm. 
Placental chorionic type was confirmed by histologic 
examination after delivery. The cutoff point of the 
membrane thickness measured by ultrasonography to 
differentiate between monochorionic and dichorionic 
placentas was retrospectively determined on the basis 
of results of the histologic examinations. Thirty-two 
twin pregnancies with dividing membranes evaluated 
both ultrasonographically and histologically formed the 
basis of this report. In four patients who had longitu- 
dinal ultrasonographic examinations of the dividing 
membranes, only one measurement for each patient 
was used to determine the cutoff point of membrane 
thickness (Tables Land Il). The difference between the 
mean membrane thickness was analyzed by the ¢ test. 


Results 

Of 6029 deliveries during the study period, 103 twin 
pregnancies occurred. Therefore the incidence of twin- 
ning was 1.7% among viable pregnancies. Thirty-one 
percent of the twin gestations were monochorionic and 
62.1% were dichorionic. The remaining 6.9% (seven 
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Table I. Placental chorionicity in 
twin gestations: è 












Membrane thickness (mm) ` 
_(n = 32) 





Twin type 








Monochorionic 1:0-2.0 14. #038 
Dichorionic . 1.2-4.0  _ 2.4 +£0.7- 
p < 0.001. 


Table II. Placental chorionic status in 
twin gestations (n = 32), 









Placental histology. , 





Membrane 
thickness 








Monéchirionic Dichorionic 





<2 mm g -9 ` 2 1 
=2 mmi ol 20 21 
TOTAL | 10 > 22 > 32 





For dichorionic: twinning: sensitivity = 90.9%; specific- 
iiy = 90.0%; positive predictive value = 95.2%; negative pre- 
dictive value = 81.8%. 


pregnancies) consisted of twin pregnançies that did not 
have histologic placental examinations. These seven 
twin’ gestations consisted of five sets of the same geñder 
and two sets of different genders. Among 103 twin 
pregnancies, only 32 twin pregnancies had both ultra- 
sonographic examinations of the, membranes (eight 
during the second’ trimester and 24 during the third 
trimester) and pathologic confirmation. The mem- 
brane thickness was essentially’ unchanged from the 
second to third trimester in four patients who had serial 
measurements of the dividing membranes, ‘There was 
a significant difference in the mean membráne thick- 
ness between the monochoricnic and dichorioniç mem- 
branes ( p < 0.001) (Table 1). With a thickness of 2 mm 
‘used as a cutoff point,. the accuracy in predicting 
monochorionic and dichorionic membranes was 82% 
and 95%, respectively (Table II). The interobserver and 


intraobserver variability of measurements was 15% and ` ` 


10%, respectively. 


Comment 


‘The overall incidence and distribution of monocho- 
rionic and dichorionic twin gestations in our patient 
populations: were comparable to. those previously re- 
ported. The incidence of. twinning in the United States 
ranges from 1% to 2% with dichorionic placentations 
being present in two of three twin gestations."'* Deter- 
mination of the type of placental chorion is helpful i in 
the management of twin gestations. Vascular commu- 
nications between the two fetal circulations occur al- 
most exclusively in monochorionic twinning, and al- 
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Fig. 1. The thickness of the dividing membranes was measured 
between the outer borders (+). The segment chosen was per- 


pendicular to the ultrasonography beams. 


‘most all monochorionic placentas have some degree of 
_ vascular anastomoses.* ° Clinically significant twin-twin 


transfusion occurs in about 20% to 30% of monocho- 
rionic twinning.” Therefore monochorionic twinning 
requires more intense surveillance of fetal growth and 
well-being. Although growth discrepancy may occur in 
both monochorionic and dichorionic twinning, the di- 
agnosis of twin-to-twin transfusion, which has a more 
omnious prognosis, should be strongly considered in 
monochorionic gestations. Furthermore, when fetal 
death occurs, the. surviving twin with the monocho- 
rionic placenta may suffer thromboembolic complica- ' 
tions resulting in .multicystic encephalomalacia,® dis- 
seminated intravascular coagulation, and infarction of 
other visceral.organs.® As a result, selective feticide of 
one twin would be ill-advised in the case of monocho- 
rionic twinning if one twin should have a congenital 
anomaly. In general, there is 4 high discordancy rate 
for congenital anomalies between twin pairs." Identi- 
fication of moriochorionic placentas, however, indicates 
monozygotic twinning, which usually has identical 
chromosomal anomalies. 
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Histologically, the dichorionic dividing membranes 
are thicker than the monochorionic membranes, be- 
cause the former contain two layers of chorion and two 
layers of amnion whereas the latter contain only two 
layers of amnion. Ultrasonography has been used re- 
cently for the prenatal diagnosis of placental chorion 
status, which is based on the difference in thickness 
between the two types of membranes. Qualitative eval- 
uation of the membranes by inspection has been re- 
ported with a high degree of accuracy.’ This method, 


however, is applicable when the membrane thickness is ~ 


az the extremes of measurement and depends, to a 
great extent, on the ultrasonographer's experience. We 
have found that there was a significant difference in 
mean membrane thickness between monochoricnic 
and dichorionic placentas, and often the difference in 
membrane thickness is <1 mm and may.not be accu- 
rately assessed by simple inspection. Our results <lso 
‘demonstrated that the membranes of monochoricnic 
gestations are measurable. . 

In conclusion, the determination of the types of pla- 
cental chorionic type is helpful in the management of 
twin gestations. Ultrasonography has permitted pre- 
natal diagnosis of monochorionic and dichorionic twin- 
ning with a high degree of accuracy: by identifying the 
number of placentas and fetal gender and measuring 
the membrane thickness. It should be emphasized that 
these measurements should be done only with high- 
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resolution ultrasorography machines and that, even 
with quantitation of the membrane thickness, the two 
types of chorionicity cannot always be distinguished. A 
prospective study is being conducted to confirm these 
findings. 
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Esterase activity in second- and third-trimester amniotic fluid: 


An indicator of chorioamnionitis 


Iffath Abbasi Hoskins, MD, Joseph Katz, PhD, Steven A. Ordorica, MD, and 


Bruce K. Young, MD 
New York, New York 


Accurate and rapid diagnosis of chorioamnionitis poses a major diagnostic dilemma. We previously 
reported that leukocyte esterase activity in amniotic fluid, as measured by dipstick assay, could be used as 
an aid in the diagnosis of chorioamnionitis. This study examines the effectiveness of an in vitro 
spectrophotometric assay of esterase activity in amniotic fluid. We define baseline levels of esterase 
activity in uninfected amniotic fluid and demonstrate a quantative increase when infection is present. 
Fifty-seven amniotic fluid samples obtained at second- and third-trimester amniocenteses were divided into 
three parts, one for culture and two for a comparison of esterase activitites by the dipstick and 
spectrophotometric methods. In this study, the spectrophotometric assay, because of its higher specificity 
and sensitivity in the determination of elevated esterase activity, was shown to be more reliable for 
predicting chorioamnionitis than either the dipstick or culture method. (AM J OBSTET GYNECOL 


1989;161:1543-5.) 


Key words: Leukocyte esterase, chorioamnionitis screening, in vitro assay 


Chorioamnionitis plays a major role in perinatal mor- 
bidity and mortality. One of the basic problems in its 
diagnosis is the lack of uniformity and accuracy of the 
criteria on which this diagnosis is made. The clinical 
diagnosis is usually based on a syndrome of fever, ma- 
ternal or fetal tachycardia, uterine tenderness, foul 
odor of the amniotic fluid, and peripheral blood leu- 
kocytosis, but there is uncertainty regarding early di- 
agnosis and laboratory confirmation.’ Since leukocytes 
are known to be released in response to infections, ex- 
amination of the amniotic fluid for their presence may 
prove to be useful in the evaluation of chorioamnionitis. 
Neutrophilic leukocytes contain several esterases that 
are not present in serum, urine, or vaginal secre- 
tions. * * We have previously described the reliability 
of leukocyte esterase activity in the rapid detection of 
urinary tract infections in obstetric patients’ and for 
the detection of chorioamnionitis in term pregnancies 
uncomplicated by other diseases.’ In the present study, 
we assessed the use of an in vitro assay to establish 
baseline levels of esterase activity in second- and third- 
trimester amniotic fluid samples and to demonstrate 
any alterations of these levels in chorioamnionitis. 
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Table I. Relationship between leukocyte 
esterase activity and other parameters used to 
diagnose chorioamnionitis 





Uninfected 





Infected 






Amniotic fluid 


Culture 2 37 14 4 

Gram’s stain 2 37 15 3 
Leukocyte esterase 

activity 

Dipstick assay 2 37 17 1 

In vitro assay 0 39 18 








Material and methods 


Sterile specimens of amniotic fluid were obtained 
from 57 antepartum patients who had undergone am- 
niocenteses during the second and third trimesters for 
genetic studies, for rhesus isoimmunization, for fetal 
lung maturity studies, or to rule out chorioamnionitis. 
Thirty-nine samples were obtained from uninfected 
patients along with 18 samples from women who had 
chorioamnionitis as determined by the presence of at 
least two of the clinical criteria used for its diagnosis, 
including maternal pyrexia (temperature >37.8° C), 
leukocytosis (white blood cell count >12,000/mm‘), 
uterine tenderness, and fetal tachycardia (heart rate 
>160 beats per minute). Each sample was divided into 
three parts: one for the in vitro leukocyte esterase assay, 
one for detection of leukocyte esterase activity by dip- 
stick, and one for Gram’s stain and aerobic and anaer- 
obic cultures. 
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Table II. Reliability of parameters used to detect zhorioamnionitis 





Predictive values 











Sensitivity (%) 





Amniotic fluid 


Culture 78 

Gram’s stain 83 
Leukocyte esterase activity 

Dipstick assay 94 

In vitro assay 100 





For in vitro leukocyte esterase assay, known amourts 
(10 A) of amniotic fluid were added to the solutions 
containing 20 A ofa 5 pmol/L solution of p-nitrophenyl 
hexanoate in dimethyl sulfoxide and 1 ml of buffer (0.1 
mol/L phosphate, pH 7.4). Activity was calculated from 
the initial slopes of the change in absorbance at 405 nm 
as a function of time. One unit of activity was defined 
as a change of 1 absorbance unit at 405 nm/min. Each 
sample was then centrifuged at 2000 rpm for 10 min- 
utes and the assay was repeated. 

Aliquots of the same amniotic fluid samples were 
tested for leukocyte esterase activity by immersion of 
the dipstick (Chemstrip 9, Boehringer-Mannheim Di- 
agnostics, Bio-Dynamics Division) in the fluid and com- 
parison of the color reaction with the color chart zfter 
I minute. 

Gram’s stain test was performed with commercial re- 
agents (crystal violet, safranine, Gram’s iodine; Lifco 
Laboratories, Detroit) under standard conditions.’ The 
presence of white blood cells and microorganisms was 
noted, and a semiquantitative assessment was made af- 
ter examination of 20 high-power fields. A positive 
Gram’s stain was defined as one in which there were 
any microorganisms per high-power field. The amni- 
otic fluid aliquots destined for cultures were collected 
in plastic-capped syringes and transported to the lab- 
oratory immediately after collection for inoculation into 
the culture media. 

Positive cultures were defined as those containing 
one or more types of organisms in excess of 10% 
cfu/ml. The leukocyte esterase activity test results were 
then compared with the results obtained from Gram’s 
stains and aerobic and anaerobic cultures. 


Results 


Table I represents the relationship between leukacyte 
esterase activity, as measured by dipstick and in vitro 
assay, and results of Gram’s stain culture in botk the 
uninfected and infected samples of amniotic fluid. 
There were 39 uninfected samples for analysis. 
Twenty-one of these were obtained during the second 
trimester after amniocenteses for genetic indications. 
Eighteen were obtained during the third trimestez—4 
for Rh sensitization and 14 for studies of lung maturity. 








Specificity (%) Positive Negative 





95 90 80 
95 93 88 
95 97 90 
100 100 100 





No differences were found between the Rh-sensitized 
and normal samples. Two samples from the third 
trimester showed positive cultures with Escherichia coli 
organisms >10* cfu/ml. Both of these samples were 
also positive on Gram’s stain analysis and showed leu- 
kocyte esterase activity, as measured by dipstick. How- 
ever, when the in vitro enzyme assay was performed, 
the leukocyte esterase activity was within the ranges we 
had defined as baseline normal (5.8 and 6.3 enzyme 
activity units) for uninfected samples (Fig. 1). 

There were 18 infected samples of amniotic fluid 
obtained from women with chorioamnionitis. All of 
these samples were obtained during the third trimesters 
from patients who had undergone amniocenteses to 
rule out chorioamnionitis (spontaneous rupture of 
membranes, 8; preterm labor, 10). Fourteen of these 
women had positive amniotic fluid cultures, with or- 
ganism counts >10* cfu/ml (E. coli, 10; group B strep- 
tococci 2; Enterobacteriaceae 2). However, if a positive 
culture was defined as one containing organisms > 10? 
cfu/ml, then all 18 samples were found to be positive 
(E. coli, 13; group B streptococci, 2; Enterobacteriaceae, 
3). Only 15 of these samples were positive by the Gram’s 
stain test, and the organisms revealed by this test were 
similar to those revealed by cultures. Seventeen of the 
18 infected specimens were positive by leukocyte es- 
terase dipstick assay, but only 15 of these showed evi- 
dence of bacterie on Gram’s stain analysis. The two 
samples with positive leukocyte esterase activity re- 
vealed by dipstick but negative Gram stains showed 
varying numbers of white blood cells on the slides. The 
one sample that tested negative by dipstick assay grew 
organisms >10* cfu/ml (Enterobacteriaceae). When the 
in vitro enzyme assay was performed, the observed es- 
terase activity was severalfold higher (range, 17.8 to 
18.2 enzyme activity units) than that of the uninfected 
normal samples (Fig. 1). When the uninfected samples 
were centrifuged and assayed by the in vitro leukocyte 
esterase method, there was a severalfold increase in 
observed esterase activity (range, 14.6 to 17.2 enzyme 
activity units) to levels similar to those seen in the in- 
fected samples. This increase was found to be due to 
cell disruption and lysis that allowed the release of azu- 
rophilic, esterase-containing granules in the leukocytes. 
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Fig. 1. Esterase activity in normal and infected samples of centrifuged amniotic fluid. 


Table II shows the sensitivity, specificity, and predic- 
tive values of the various parameters used in the com- 
parison of leukocyte esterase activity by the dipstick and 
the in vitro methods. In our study, the in vitro assay 
had a 100% sensitivity and a 100% specificity for cho- 
rioamnionitis, whereas the leukocyte esterase dipstick 
had a sensitivity of 94% and a specificity of 95%. The 
cultures of these samples had shown a sensitivity of only 
78% and a specificity df 95%. 


Comment 


Acute chorioamnionitis remains a serious infection 
for the mother and her baby. Despite the seriousness 
of this condition, there are major problems associated 
with its diagnosis. At present it is impossible to deter- 
mine what constitutes an optimal diagnostic finding, 
and attempts to improve our ability to diagnose intra- 
partum infections have met with little success. To iden- 
tify an optimal screening test for chorioamnionitis, we 
reported previously’ on the dipstick method of mea- 
suring leukocyte esterase activity as an inexpensive and 
reliable (sensitivity 91%, specificity 95%) test for diag- 
nosing chorioamnionitis in term patients in the ab- 
sence of significant numbers (<10* cfu/ml) of organ- 
isms on culture. However, the results of the dipstick 
assay, like those of the aerobic and anerobic cultures, 
can sometimes be misleading or equivocal. When that 
is the case, in vitro spectrophotometric assay of esterase 
activity may be more useful in identifying infected am- 


niotic fluid samples and eliminating any confusion, 
since this test has both a sensitivity and a specificity 
much higher (100% each) than those of the other tests. 

Thus a simple, rapid, and inexpensive regimen for 
the evaluation and diagnosis of chorioamnionitis could 
involve the use of the dipstick assay of esterase activity 
as an initial screening test (before culture results have 
been obtained), with in vitro spectrophotometric assay 
as a backup for samples that yield equivocal or negative 
results by the dipstick method. The use of this test may 
serve to eliminate the need for any additional testing 
or aid management decisions in situations in which 
waiting for culture results is not feasible. 
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Rapid chromosome analysis with the use of spontaneously 
dividing cells derived from umbilical cord blood (fetal 


and neonatal) 


Robert E. Tipton, MD, Avirachan T. Tharapel, PhD, Hua-Hua T. Chang, BS, 


Joe Leigh Simpson, MD, and Sherman Elias, MD 
Memphis, Tennessee 


An accurate and reproducible method to obtain high-quality metaphases within 24 hours has been 
developed. Preparations can be derived from cord blood samples obtained either at delivery or by 
percutaneous umbilical blood sampling. Mitogens are not required. Rapid cytogenetic analysis can 
facilitate management of pregnancies charcterized by malformations or intrauterine growth retardation. 


(Am J Oastet GYNECOL 1989;161:1546-8.) 


Key words: Rapid karyotyping, prenatal cytogenetic diagnosis, fetal anomalies, percutaneous 


umbilical blood sampling 


Rapid chromosome analysis (within 24 hours) would 
provide timely diagnostic information that could alter 
pregnancy management in instances in which the fetus 
is found to have ultrasonographic evidence of maltor- 
mations or intrauterine growth retardation. A rapid 
diagnostic method also would facilitate management of 
anomalous or growth retarded neonates. Until recently 
the only available method to obtain rapid chromosome 
analysis used immature cells from bone marrow aspi- 
rated from iliac crest or tibia."? In 1987 Garnham and 
Sutherland’ reported that spontaneously dividing cells 
present in newborn umbilical cord blood could be used 
for rapid chromosome analysis. Although later con- 
firmed by Day et al.," the quality of these chromosomal 
preparations was not adequate to allow identification 
of subtle structural chromosomal abnormalities. Mcre- 
over, these initial studies had not ascertained whether 
spontaneously dividing cells were present in fetal blood. 
Thus it was not known whether blood samples obtained 
by percutaneous umbilical blood sampling could pro- 
vide rapid chromosomal analysis. In this study we 
sought to develop methods to reliably obtain high- 
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Table I. Specimens studied 








Gestational age | No. of cases 

(wk) (N = 63) Type of specimen* 

22 1 Percutaneous umbilical 
blood sample 

27 l Percutaneous umbilical 
blood sample 

29 1 Newborn cord blood 

30 2 Newborn cord blood 

31 2 Newborn cord blood 

31 1 Effusion* 

32 l Newborn cord blood 

32 1 Percutaneous umbilical 
blood sample 
(47,XX, + 18) 

33 l Newborn cord blood 

34 2 Newborn cord blood 

35 2 Newborn cord blood 

36 2 Newborn cord blood 

37 0 = 

38 7 Newborn cord blood 

39 4 Newborn cord blood 

40 31 Newborn cord blood 

41 l Newborn cord blood 

42 3 Newborn cord blood 





*Bloody pleural fluid obtained by intrauterine thoracocen- 
tesis. 


quality metaphases from spontaneously dividing cells 
present in cord blood, 


Material and methods 


Umbilical cord blood samples were obtained at de- 
livery from 59 phenotypically normal newborns (ges- 
tational ages 29 to 42 weeks). Percutaneous umbilical 
blood sampling was performed on three fetuses, all with 
malformations and growth retardation (22, 27, and 32 
weeks’ gestation). In addition, we processed a sample 
of bloody pleural effusion obtained by intrauterine 
thoracocentesis from a fetus with chylothorax at 31 
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Fig. 1. Metaphase spread from cord blood of term male infant. Arrows point to X and Y chromesomes. 


weeks’ gestation. Each of the 59 newborn cord blood 
specimens (2 to 10 ml) were collected in Vacutainers 
that contained sodium heparin and were transported 
to the cytogenetics laboratory within 1 to 2 hours. Per- 
cutaneous umbilical blood samples and pleural effusion 
fluid were collected in heparinized syringes. 

Cultures that contained | ml heparinized blood were 
incubated 18 hours in 9 ml modified Eagle’s minimum 
essential medium (Irvine Scientific, Santa Ana, Calif.) 
supplemented with 15% Chang medium (Hana Bio- 
logics, Alameda, Calif.), 15% fetal bovine serum, and 
final coricentrations of 0.8% L-glutamine, 100 pg/ml 
streptomycin, and 10 [U/ml penicillin. No mitogens 
were added. Cultures were incubated at 37° C for 17 
hours and then were treated with 0.5 pg/ml actino- 
mycin D and 0.2 pg/ml demecolcine (Colcemid). After 
incubation for 1 additional hour, cultures were centri- 
fuged for 8 minutes at 1000 rpm. The supernatant was 
discarded and the cells were washed twice in 10 ml 
Hank’s balanced salt solutior. This supernatant was 
discarded and the cell pellet was resuspended at room 
temperature for 2 hours in 10 ml Ohnuki’s hypotonic 
solution, consisting of 0.055 mol/L potassium chloride, 
sodium nitrate, and sodium acetate (ratio 10:5:2).>° 
After 2 hours of hypotonic treatment, 2 ml of 3:1 


methanol-glacial acetic acid mixture was added. The 
cell suspension was mixed and centrifuged for 8 min- 
utes at 1000 rpm. The supernatant was again discarded, 
the cells were fixed twice more for 10 minutes each, 
and then they were centrifuged again. With a Pasteur 
pipette, four to six drops of diluted cell suspension was 
dropped froma distance of 30 to 60 cm onto pre- 
cleaned, wet, chilled slides. Slides were dried on a hot 
plate for 1 to 2 minutes at 60° C. Chromosomal prep- 
arations were stained (trypsin-Giemsa). The bloody 
pleural effusion was processed in a similar fashion to 
that of the blood specimens, except that 5 ml of the 
effusion was incubated with 5 ml of culture medium. 
For each case at least five metaphases were counted 
and two karyotypes prepared. To confirm the ac- 
curacy of our results, conventional 72-hour cultures 
were initiated for the first 20 cases with the mitogens 
phytohemagglutinin and pokeweed. At least five me- 
taphases were analyzed from each of these 20 cultures. 
No attempt was made to determine the exact mitotic 
index. 


Results 


Metaphases readily allowing diagnoses were obtained 
in all 63 cases: 59 neonatal cord blood specimens, three 
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percutaneous umbilical blood samples, and one bloody 
fetal pleural effusion (Table I). Numbers of well- 
banded metaphases in the unstimulated preparations 
averaged 5 to 10 per slide, lower than our usual number 
for routine blood cytogenetics but easily sufficient to 
allow diagnosis. Moreover, the qüality of the chromo- 
some preparations was adequate to diagnose structural 
abnormalities. Banding resolution approximated 400 
to 450 bands (Fig. 1). Hypomodal cells, a reflection of 
metaphase spreads broken in preparation, were mini- 


mal. There were no diagnostic discrepancies.in the 20 - 


cases in which both conventional cytogenetic analysis 
and the newly described method were used. Thus it 
seems there is no reason to doubt the accuracy of the 
method we used. No relationship between the gesta- 
tional age and the numbers of dividing cells was ap- 
parent. 


Comment 


The method we describe allows cytogenetic diagnosis 
within 24 hours of specimen collection. Spontaneously 
dividing cells were detected not only i in newboin um- 
bilical cord blood samples (gestational ages 29 to 42 
weeks) but also in fétal blood samples (gestational ages 
22, 27, and 32 weeks). Overnight incubation consis- 
tently provided well-banded metaphases suitable for 
analysis, thus offering a marked improvement over ear- 
lier methods.*+ The quality of the preparations is con- 


sistent (400 to 450 band resolution) to allow detection 


of chromosomal rearrangements such as deletions, du- 
plications, or translocations. If percutaneous umbilical 
blood sample is available, the chromosomal comple- 
ment of the fetus can be established more rapidly than 
with conventional laboratory methods, which facilitates 
pregnancy-management decisions. If fetal anomalies or 
intrauterine growth retardation are detected at birth, 
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processing a blood specimen from the umbilical cord 

by our method provides a noninvasive method to de- 

termine chromosomal status. This would be especially 
useful in preterm infants, whose blood volume is cor- 

respondingly small. 

The origin of these spontaneously dividing cells is 
uncertain. Our finding of spontaneously dividing cells 
in percutaneous umbilical blood samples as early as 22 
weeks’ gestation casts doubt over previous claims that 
such cells were present in cord blood as result of 
spillover of cells from bone marrow because of anoxic 
stresses.” * One of the percutaneous umbilical blood 
samples in our series was obtained on aa fetus possibly 
undergoing anoxic stress, as manifested by acidotic 
cord blood pH and poor biophysical profile score. How- 
ever, there was no reason to suspect anoxia in the other 
two fetuses from which percutaneous umbilical cord 
blood sampling was obtained, nor to believe that anoxia 
was frequent in the 59 neonates who had undergone 
normal deliveries. 
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Mucoadhesive delivery provides 
ongoing moisturization 

Until now, the millions of women with vaginal 
dryness could ease their discomfort only 
temporarily. But today, new REPLENS ends 
dryness by replenishing vaginal moisture. 
REPLENS is delivered through mucoadhesion, 
a system that holds moisture in place. The 
primary ingredient, polycarbophil, is not 
absorbed. By design it is able to hydrate 
underlying vaginal tissue to provide lasting 
vaginal moisture and continuous lubrication. 


Lasting moisture—clinically proven to 
end discomfort and painful intercourse 


In double-blind clinical studies, REPLENS has 
been proven to be more effective than the most 
widely used lubricant for promoting lasting 
moisturization.’ REPLENS increases mucosal 
thickness, elasticity, and turgor, thereby ending 
painful intercourse and vaginal discomfort. And 
when compared with K-Y® jelly, both patients 
and their spouses preferred REPLENS. 
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recommendation of REPLENS. When you 
replenish vaginal moisture, you bring back a 
sense of youth and confidence that many 
women thought they had lost forever. 
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Effects of fetal sex and dexamethasone on preterm maternal 
sérum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol 


Ray V. Haning, Jr., MD,” Luis B. Curet, MD," W. Kenneth Poole, PhD, 


Lynn M. Boehnlein, BS, Donna L. Kuzma, BS, and Sandra M. Meier, BS* 
Providence, Rhode Island, Madison, Wisconsin, dnd Research Triangle Park, North Carolina 


The serum human chorionic gonadotropin concentration for the 43 female-bearing gestations was 
significantly higher (geometric mean 15,603 miU/mi; 95% confidence interval 12,337 to 19,733) than that 
for 26 male-bearing pregnancies (geometric mean 8902 mlU/ml; 95% confidence interval 6288 to 12,596), 
p = 0.0087. The mean gestational age was 32 + 2.4 weeks (mean + SD). There was no significant 
difference between male- and female-bearing pregnancies for progesterone, cortisol, estrone, estradiol, 
estriol, or gestational age. In 19 placebo-treated pregnancies and 14 dexamethasone-treated pregnancies 
with a mean gestational age of 31.5 + 2.7 weeks, there was no significant change from the baseline value 
observed for either maternal serum human chorionic gonadotropin level or maternal sérum progesterone 
level at 42 hours after institution of treatment. In the dexamethasone-treated subjects the geometric mean 
was reduced to 20% of baseline for cortisol; 42% of baseline for estrone; 30% of baseline for estradiol; 
and 41% of baseline for estriol (all p < 0.001). (Am J OBSTET GYNECOL 1989;161:1549-53.) 


Key words: Pregnancy, sex difference, hCG, progesterone, estrogens, dexamethasone 


There are two lines of evidence to indicate the se- 


cretion of human chorioni¢ gonadotropin (hCG) by the . 


placenta’ is partially under fetal endocrine control. 
First, unlike humian placental lactogen and pregnancy- 
specific B,-glycoprotein, which are also secreted by the 
syncytiotrophoblast and which rise progressively in re- 
lationship to the rise in trophoblastic mass, hCG rises 
exponentially to a peak at 8 to 10 weeks, then falls to 
a plateau for the remainder of pregnancy.’ Second, 
unlike the other hormones secreted by the syncytiotro- 
phoblast, which have similar concentrations in both 
male- and female-bearing pregnancies, the concentra- 
tion of hCG in maternal peripheral blood“ and pla- 
cental tissue®*° is higher at term in female-bearing preg- 
nancies than in male-bearing pregnancies even though 
no difference has been demonstrated earlier in preg- 
nancy until this investigation. Studies from our labo- 
ratory have demonstrated statistical evidence for an 
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inhibitory effect of the fetal adrenal gland on in vivo 
secretion of hCG’ and in vitro evidence that addition 
of dehydroepiandrosterone sulfate to cultures of term 
human placental explants could inhibit the stimulation 
of hCG secretion produced by gonadotropin-releasing 
hormone: These two observations led us to investigate 
whether administration of dexamethasone to pregnant 
women would produce stimulation of hCG secretion 
by suppressing the fetal adrenal. The residual samples 
from the completed double-blind prospective trial of 
dexamethasone versus placebo in premature labor? of- 
fered a unique chance to investigate both the effect of 
the sex of the fetus and the effect of administration of 
dexamethasone on secretion of hCG, progesterone, es- 
trone, estradiol, and estriol in vivo before term in a 
double-blind randomized study. 


Material and methods 

Human subjects. The process of informed consent 
and patient selection for the dexamethasone study has 
been described.” Briefly, a total of 7893 patients from 
the five participating centers were screened; 347 of 
them received placebo and 349 received dexametha- 
sone. Subjects received 5 mg of dexamethasone phos- 
phate every 12 hours intramuscularly or a placebo in 
a similar vehicle for up to 4 doses (a total of 20 mg of 
active drug). Since the first dose was administered at 
time “zero,” the last of the four doses was administered 


-at time “36 hours.” The sample at “42 hours” used for 


our posttreatment level was thus drawn 6 hours after 
the last dose of dexamethasone, a time when the con- 
centration of maternal serum dexamethasone had be- 
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Fig. 1. Effect of fetal sex on maternal serum concentration of 
hCG determined in baseline samples. Data shown are mean 
and SD calculated on log-transformed data (note log scale). 
Double asterisk, p < 0.01. 


gun to fall but the concentrations of maternal serum 


cortisol and estradiol were still suppressed.” We ob- ` 


tained access to the residual samples from the study 
after completion of all planned analyses and based our 
sample selection on the volumes of the residual baseline 
and paired residual 42-hour sample without knowledge 
of the mode of treatment, the outcome of the preg- 
nancy, the sex of the infant, or any other laboratory or 
clinical information. After completion of the analyses 
for hCG and progesterone, the data on the mode of 
treatment, sex of the infant, and other clinical variables 
- were requested along with the values previously deter- 
mined in the selected samiples for cortisol, estrone, es- 
tradiol, and estriol." 

Chemical analyses. hCG was determined by direct 
double-antibody radioimmunoassay with an antibody 
produced in this laboratory as previously described.’ 
An hCG standard (Calbiochem, La Jolla, Calif.) cali- 
brated against the World Health Organization second 
international standard was used. The cross-reaction 
of this antibody (H1-9/2/76) with human luteiniz- 
ing hormone was 0.16%. Between- and within-assay 
variations were 3.8% and -3.7%, respectively. The 
assay sensitivity was 0.5 mIU/ml.” Progesterone was 
determined by radioimmunoassay without extraction 
with the Pantex Immuno-direct progesterone iodine 
125 kit (Pantex, Santa Monica, Calif.) provided with- 
out charge by the manufacturers, The cross-reactivity 
was 6.5% with 200-hydroxy-pregn-4-ene-3-one, 1.5% 
with deoxycorticosterone, and 0.18% with 17a- 
hydroxyprogesterone. Aldosterone, androstenedione, 
androsterone, dehydroepiandrosterone, dihydrotes- 
tosterone, 17a- and 17-estradiol, estriol, estrone, 
etiocholanolone, and testosterone all had values <0.1%. 
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Cholesterol, corticosterone, cortisol, 11-deoxycortisol, 
17-hydroxypregnenolone, pregnenolone, and preg- 
nenolone sulfate had values <0.01%. Between- and 


‘within-dssay variation were 5.7% and 5.3%, respec- 


tively, with a 50 ng/ml serum pool run in each assay 
with the actual samples. The assay sensitivity was 0.07 
ng/ml, and the lowest standard used was 0.5 ng/ml, 

Statistical analysis. The data were analyzed by one- 
way analysis of variance, Student's ¢ tést, and the paired 
t test with the Minitab statistical program"? used after 
log transformation to correct for the log-normal dis- 
tribution of the data. 


Results 


Effect of sex of fetus on hormone concentrations in 
baseline samples. Samples from 69 single pregnancies 
with sufficient volume for determination of hCG and 
progesterone were analyzed. Missing data resulted in 
decreases in the number of data points available for 
certain variables. There were 43 female-bearing and 
26 male-bearing pregnancies determined by the sex of 
the infant at delivery. The mean gestational ages for 
these pregnancies were 32.1 + 2.4 and 31.8 + 2.3 
weeks, respectively (mean + SD). This difference was 
not statistically significant (p > 0.5). The mean gesta- 
tional age for all 69 pregnancies was 32.0 + 2.4 weeks. 
The range of gestational ages was 27 to 37 weeks, and 
the median gestational age was 32 weeks. The sex of 
the infant and data for cortisol, estrone, estradiol, and 
estriol previously determiried on these samples were 
collated with the data for hCG and progesterone ob- 
tained in our laboratory. The baseline samples were 
analyzed for effect of the sex of the fetus by Student's 
i test. The serum hCG concentration for the female- 
bearing gestations was significantly higher (geometric 
mean 15,603 mIU/ml; 95% confidence interval 12,337 
to 19,733),than that for male-bearing pregnancies 
(geometric mean 8902 mIU/ml; 95% confidence in- 
terval 6288 to 12,596), p.= 0.0087 (Fig. 1). However, 
there was no significant difference between male- and 
female-bearing pregnancies for progesterone, cortisol, 
estrone, estradiol, or estriol (data not shown). 

Effect of treatment on maternal serum hCG and 
progesterone. To eliminate all subjects who gave birth 
before the time that the 42-hour sample was obtained, 
all subjects who gave birth <3 days after the study was 
begun were eliminated from all statistical analyses in- 
volving the 42-hour samples. There remained 19 
placebo-treated pregnancies (13 female-bearing and 6 
male-bearing) and 14 dexamethasone-treated pregnan- 
cies (9 female-bearing and 5 male-bearing) available for 
analysis of treatment effects. The mean gestational age 
of these 33 pregnancies was 31.5 + 2.7 weeks (mean + 
SD) with a median age of 32 weeks and a range of 28 
to 37 weeks. The combined data for both sexes for 
maternal serum hCG and progesterone levels in the 
baseline placebo-, baseline dexamethasone-, 42-hour 
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Fig. 2. Maternal hCG (A) and progesterone (B) concentrations determined in baseline placebo-, 
baseline dexamethasone-, 42-hour placebo-, and 42-hour dexamethasone-treated subjects. Data 
shown are mean and SD calculated on log-transformed data (note log scale). Test for significance 
of difference between baseline and 42-hour samples in placebo- and dexamethasone (DEX)—treated 
subjects was calculated from paired ¢ test, with each subject serving as her own control (NS, not 


significant). 


placebo-, and 42-hour dexamethasone-treated subjects 
are presented in Fig. 2, A and B, respectively. To test 
for an effect of placebo or dexamethasone treatment 
we used the pairing between baseline and the 42-hour 
posttreatment samples to evaluate the paired differ- 
ences (42-hour sample minus baseline) in the log trans- 
formed data, with each subject serving as her own con- 
trol. There was no significant change from the baseline 
value observed in either the placebo-treated subjects or 
the dexamethasone-treated subjects for either maternal 


serum hCG or maternal serum progesterone level. - 


There was no effect of fetal sex or of administration 
of antibiotics, ethanol, or isoxsuprine on the paired 
differences ‘for maternal serum hCG or progesterone 
concentrations (data not shown). 

Effect of treatment on maternal serum cortisol, es- 
trone, estradiol, and estriol. Data analysis was re- 
stricted to the same groups of patients used above for 
analysis of hCG and progesterone concentrations. 
Analysis of the log transformed data for maternal se- 
rum cortisol, estrone, estradiol, and estriol by paired ż 
test with each patient serving as her own control showed 
that there was no significant decrease from the base- 
line value for cortisol, estrone, estradiol, or estriol 
in the placebo-treated subjects. When each 42-hour 
value was expressed as a percent of baseline in the 
dexamethasone-treated subjects, the geometric mean 
was 20% for cortisol (95% confidence interval 14% to 
28%; p < 0.0001), 42% for estrone (95% confidence 
interval 33% to 53%; p < 0.0001), 30% for estradiol 
(95% confidence interval 22% to 40%; p < 0.0001), and 


-41% for estriol (95% confidence interval 31% to 53%, 


p < 0.0001). There was no effect of fetal sex or of ad- 
ministration of antibiotics, ethanol, or isoxsuprine on 
the paired differences for maternal serum cortisol, es- 
trone, estradiol, or estriol concentrations (data not 
shown). 

Comment i 

The hormones investigated here can be divided 
into those known to be dependent on adrenocortico- 
tropic hormone and those not known to be depen- 
dent on adrenocorticotropic hormone. Both cortisol 
and dehydroepiandrosterone sulfate are secreted al- 
most entirely by the maternal or fetal adrenal, and 
both are dependent on adrenocorticotropic hor- 
mone. Since dehydroepiandrosterone sulfate and 16a- 
hydroxydehydroepiandrosterone sulfate (derived from 
dehydroepiandrosterone sulfate by 16a-hydroxylation 
in the liver or adrenal) are the principal precursors for 
estrone and for estradio] and estriol, respectively, in 
pregnancy, the administration of dexamethasone was 
expected to suppress the 42-hour values for cortisol, 
estrone, estradiol, and estriol by inhibiting both ma- 
ternal and fetal adrenocorticotropic hormone secre- 
tion.” ™ On the other hand, since neither progesterone 
nor hCG is dependent on adrenal substrates, no effect 
of either placebo or dexamethasone administration 
would be anticipated on their secretion. One of the 
reasons that the current study was undertaken was 
the observation by Haning et al.* that administration 
of dehydroepiandrosterone sulfate to placental ex- 
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plants in vitro had inhibited the stimulatory effect of 
gonadotropin-releasing hormone on hCG secretion. 
Also, statistical analysis of the concentrations of hCG, 
estrogens, and progesterone in the maternal peripheral 
blood and the estimated masses of the fetal adrenal and 
the placental trophoblast had provided evidence of an 
inhibitory effect of the fetal adrenal gland on secretion 
of hCG.’ We reasoned that if there were no direct action 
of dexamethasone itself on hCG secretion, administra- 
tion of dexamethasone to pregnant women would be 
expected to stimulate hCG production by reducing the 
concentration of dehydroepiandrosterone sulfate in 
both maternal and fetal compartments. 

The duration of our period of testing for an effec: 
of dexamethasone administration on secretion of hCG 
was limited by the design of the original study, a mul- 
ticenter, double-blind trial of dexamethasone versus 
placebo completed many years before we obtained ac- 
cess to the samples. The 42-hour time interval was se- 
lected for analysis because it was the last sample before 
the adrenal gland could be expected to recover from 
the suppressive effect of dexamethasone, on the basis 
of data for maternal serum cortisol and estradiol.® We 
found no evidence for an effect of dexamethasone on 
hCG secretion under the conditions of this study. Both 
direct inhibitory” and direct stimulatory” in vitro ef- 
fects of glucocorticoids on hCG have been reported. 
Likewise, in experiments performed in this laboratory, 
even direct addition of 2 mmol/L dibutyryl cyclic aden- 
osine monophosphate to placental explants in vitro has 
a delayed effect with the maximal result not achieved 
until day 6 in placentas from term pregnancies." There 
was a relatively smaller effect of dibutyryl cyclic aden- 
osine monophosphate in placental tissue obtained from 
12- to 17-week pregnancies, and a statistically signifi- 
cant effect of 2 mmol/L dibutyryl cyclic adenosine 
monophosphate administration on hCG secretion 
could not be demonstrated until days 5 and 6, even 
though a trend was evident as early as day 2." Thus it 
is possible that a longer period of treatment with dexa- 
methasone would have produced an effect on the con- 
centration of maternal serum hCG. It is also possible 
that a direct effect of dexamethasone on the placenta 
could have obscured an effect produced by reduction 
in the concentration of circulating dehydroepiandros- 
terone sulfate. However, it is obvious that we have not 
provided any evidence for the anticipated stimulatory 
effect on hCG secretion of reducing the concentration 
of dehydroepiandrosterone sulfate in the present 
study. 

Likewise, Grimshaw et al. have demonstrated that 
dehydroepiandrosterone, estrone, androstenedione, 
and testosterone could all inhibit the conversion of 
pregnenolone to progesterone in vitro. However, the 
present study demonstrated no significant effect of 
dexamethasone on the concentration of progesterone 
in the maternal peripheral blood even though the dexa- 
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methasone produced decreases in estrone, estradiol, 
and estriol to be 42%, 30%, and 41% of baseline, re- 
spectively. 

The sex of the fetus was demonstrated to modulate 
the maternal serum concentration of hCG in the pres- 
ent study. There was no demonstrable effect of fetal 
sex on maternal serum progesterone, cortisol, estrone, 
estradiol, or estriol concentration, Previous studies also 
have failed to demonstrate an effect of fetal sex on the 
maternal peripheral blood concentration of progester- 
one.” Higher concentrations of maternal serum hCG in 
female-bearing pregnancies than in male-bearing preg- 
nancies have been reported at term by others,?™ and 
the placentas from female infants are known to have a 
higher content of hCG per unit weight of tissue at 
term®* and to secrete more hCG in vitro per unit weight 
of tissue,‘ when compared with those from male in- 
fants. However, the reason for this phenomenon still 
awaits elucidation. The mean gestational age of the 
pregnancies in this study was 32 weeks. To our knowl- 
edge, this is the first study to demonstrate a statistically 
significant effect of sex on the concentration of mater- 
nal serum hCG this early in pregnancy. It is possible 
that the observed difference in the maternal peripheral 


-blood hCG concentration between female-bearing and 


male-bearing pregnancies in the last trimester will pro- 
vide a clue to understanding the mechanism modulat- 
ing hCG in early pregnancy as well. 
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High glucose levels decrease proliferation of cultured human 


fetal cells from placenta 


D. Michael Nelson, MD, PhD, and Edward M. Curran, MS 


St. Louis, Missouri 


We used the placenta as a source of undifferentiated cells to study the effect high glucose levels can have 
on human fetal cell proliferation in vitro. Cells were subcultured in a modified minimum essential medium 
with 10% fetal bovine serum containing either 5.5 mmol/L (100 mg/dl) p-glucose (contral), 11 mmol/L 
(200 mg/dl) D-glucose, or 22 mmol/L (400 mg/dl) p-glucose. Cells grown in mannitol-containing media 
were used as controls for osmolality. After 3 and 7 days’ growth in different media, the labeling index was 
determined by autoradiographic analysis, and cell numbers were determined with a Coulter counter. The 
labeling indices for cells grown 3 days in 11 or 22 mmol/L b-glucose were 89% (p < 0.002) and 84% 

(p < 0.001), respectively, of control cells grown in 5.5 mmol/L p-glucose. After 7 days’ growth, the 
labeling indices of cells grown in 11 or 22 mmol/L D-glucose were 84% (p < 0.002) and 70% {p < 0.001), 
respectively, of cells grown in 5.5 mmol/L. o-glucose media. There was a significant decrease in the 
number of cells present at both 3 and 7 days in cultures grown in 22 mmol/L. D-glucose compared with 
control. We conclude that a few day's exposure to high glucose levels can have an effect on proliferation 
of human placental cells in vitro. We suggest that a glucose effect on proliferation of other cells derived 
from the products of conception might be one mechanism contributing to abnormal development in some 
pregnancies of diabetic women. (Am J OssTeT GYNECOL 1989;161:1553-8.) 


Key words: High glucose, cell proliferation, placenta 


Studies of pregnant diabetic women who are hyper- 
glycemic during organogenesis’ and those who have 
increased glycosylated hemoglobin levels in the first 
trimester of pregnancy’ suggest that elevated glucose 
levels adversely affect the developing conceptus. Hy- 
perglycemia in pregnant diabetic women increases the 
risk for spontaneous abortion, * anomaly develop- 
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ment,” * and growth delay in the first trimester. The 
mechanisms by which elevated glucose levels adversely 
affect the products of conception during morpho- 
genesis are unknown. We have used the placenta as a 
source of rapidly proliferating, undifferentiated cells 
to study the effect of high glucose concentrations on 
proliferation of cultured human cells derived from the 
products of conception. 


Material and methods 


Cell cultures. Placentas were obtained from normal 
term pregnancies in women who had negative results 
of screening for gestational diabetes. All deliveries were 
by repeat cesarean section with patients under epidural 
anesthesia after hydration with 15 ml/kg of lactated 
Ringer's fluid. 

Primary cell cultures were obtained according to a 
previously published method.’ Briefly, villous tissue was 
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rinsed with a modified Eagle’s minimum essential me- 
dium and treated 10 minutes at 37° C with the en- 
` zyme dispase (Collaborative Research, Inc., Lexington, 
Mass.); cells in the supernatant. were harvested. Most 
cells stained cytochemically for cytokeratin intermedi- 
ate filaments indicating they were trophoblastic cells, 
but 8% of the cells were vimentin positive and Factor 
VIII negative.” The latter population was an undiffer- 
entiated stromal cell that rapidly proliferated dur- 
ing long-term culture without density limitation after 
reaching confluence. These cells were grown in a hu- 
midified 5% carbon dioxide in air atmosphere at 37° C 
in modified Eagle’s minimum essential medium with 
100 U/ml penicillin G, 100 pg/ml streptomycin sulfate, 
0.25 ug/ml Fungizone, and 10% (vol/vol) chemically 
defined fetal bovine serum (Hyclone, Logan, Utah) 
containing an average of 7.3 U/ml insulin and 102 
pg/ml of lactic acid. i 

Labeling index. Cells from the fourth passage of 
four primary cultures were collected after detachment 
with 0.01% (wt/vol) trypsin (type XII from bovine pan- 
creas, Sigma Chemical Co., St. Louis), and viability was 
>95% after exposure to trypan blue. Cells were sub- 


cultured on slide flasks (Nunc, Schaumburg, IIL) or’ 


Petri dishes (Corning Glass Works, Corning, N.Y.) at 
2.0 x 10* cells per 21 cm? in 4 ml modified Eagle's 
_ minimum essential medium with 10% fetal bovine se- 
rum (vol/vol) containing 5.5 mmol/L (100 mg/dl) D- 
glucose and antibiotic-antimycotic solution. After 24 
hours, the cells were rinsed with fresh medium to elim- 
inate unattached cells, and quadruplicate slide flasks or 
Petri dishes were established for each of the differential 
treatments: modified Eagle’s minimum essential me- 
dium plus 10% fetal bovine serum containing either 
5.5 mmol/L (100 mg/dl) p-glucose (control media), 11 
mmol/L (200 mg/dl) D-glucose, 22 mmol/L (400 
mg/dl} p-glucose, 5.5 mmol/L p-glucose plus 5.5 
mmol/L mannitol, or 5.5 mmol/L p-glucose plus 16.5 
mmol/L mannitol. Media osmolality and glucose levels 
were determined before and after incubation with cells. 
Triplicate slide flasks from each of the five media 
treatments were rinsed with modified Eagle’s minimum 
essential medium after 3 or 7 days of growth, incu- 
bated in 2 ml modified Eagle’s minimum essential 
medium containing 0.5 wCi/ml [?H]thymidine (15.7 
Ci/mmol/L; New England Nuclear, Boston) for 3 
hours at 37° C, rinsed twice with ice-cold modified Ea- 
gle’s minimum essential medium, and either fixed in 
situ with methanol or detached and embedded in plastic 
as a cell pellet for autoradiographic analysis as previ- 
ously described.’ The rinse procedure was established 
to remove unincorporated [°H]thymidine. In the first 
of the four labeling index experiments, autoradi- 
ographic analysis of cells grown 3 or 7 days in the dif- 
ferent media was done after fixation in situ on their 
slide flasks. 
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The cells grown 3 days were easily evaluated, but the 
higher density of cells present after 7 days’ growth 
made some areas of the slide flask difficult to analyze 
in this experiment. Thus cells from day 7 in the sub- 
sequent three experiments were detached from their 
slide flasks and embedded in plastic as a cell pellet for 
autoradiographic analysis. The number of fields of nu- 
clei available for analysis (and thus the total number of 
nuclei present) was less for the experiments done with 
plastic sections than for the three done with in situ fixed 
specimens. 

An observer, who was blinded to the experimental 
conditions, examined a series of equidistant fields of 
each autoradiogram, recording the total number of nu- 
clei and nuclei with =5 overlying grains. The labeling 
index is the number of labeled nuclei divided by the 
total number of nuclei counted. 

Cell numbers during growth in high-glucose media. 
Cells from four different primary cultures were sub- 
cultured onto 32 Petri dishes at 2.0 x 10* cells per 60 
mm dish (21 cm’) containing 4 ml modified Eagle’s 
minimum essential medium with 10% fetal bovine se- 
rum, 5.5 mmol/L p-glucose, and antibiotic-antimycotic 
solution. After 24 hours to allow cell attachment, me- 
dium in each of eight dishes was changed in a blinded 
manner to medium containing either 5.5, 11, or 22 
mmol/L D-glucose. Cells cultured in 5.5 mmol/L D- 
glucose plus 16.5 mmol/L mannitol provided the con- 
trol for osmolality. Media were replaced again at 2, 4, 
and 6 days. On the third or seventh day after the dif- 
ferential treatment conditions were established, me- 
dium from each dish was collected and assessed for the 
presence of detached, nonviable cells. Attached cells in 
the same dishes were detached with trypsin, assessed 
for viability by trypan blue exclusion, and counted in 
a ZBF model Coulter counter equipped with a 100 pm 
aperture. 

Statistical analysis. The number of labeled and un- 
labeled nuclei in the control and experimental treat- 
ments was compared by x? analysis. The differences in 
number of cells in control cultures and cultures ex- 
posed to differential treatments were evaluated by anal- 
ysis of variance for individual experiments and by the 


' Wilcoxon signed-rank test for the series, since the 


cell numbers for different placentas were not nor- 
mally distributed populations, Values are reported as 
mean + SD. A computer software package was used 
for analysis (Abstat, Anderson Bell, Parker, Colo.) with 
p < 0.01 for significance because multiple comparisons 
were made. 


Results 


Characteristics of media and cells. Osmolality was 
294 + 2 (mean + SD) mmol/kg in media contain- 
ing 5.5 mmol/L p-glucose, 300 + 3 (mean + SD) 
mmol/kg in media containing 11.0 mmol/L p-glucose, 
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Table I. Labeling index of cells grown 3 days in normal or high-glucose media . 





Medium (mmol/L) — 














Glucose Mannitol counted 


5.5 (control) 0 6576 
11.0 0. 7359 
99.0 0 6618 . 

55 BB 7233 

5.5 : 16.5 7377 =. 


` Total nuclei 









Difference from 
control labeling index 







i Labeling index 








0.1863 + 0.0378 og 
~11%*4 


0.1650 + 0.0337 

0.1561 + 0.0366 —16%$§'| 
0.1752 + 0.0334 -6% 

0. 11808 + 0,0429  =3% 





Cells were subcultured at 2.0 X 10 cells per 21 cm? of culture suiface, grown 3 days j in normal or high-glucose media, exposed 
to (*H]-thymidine, and processed in situ for autoradiographic analysis by an observer blinded to treatment conditions as described 
in Material and methods. The labeling index is the ratio of labeled nuclei divided by total nuclei counted. Results are mean (+ SD) 


from n = 12 in four experiments.. 
*p < 0.002, compared with control. ; 
tp < 0.02, compared with 16.5 mmol/L mannitol. 
+ < 0.001, compared with control. - 
$p < 0.004, compared with 5.5 mmol/L mannitol. 
lp < 0.001, compared with 16.5 mmol/L mannitol. 


Table II. Labeling index of cells | arown 7 days i in normal or high- ghicose ‘media 


























Medium (mmol/L) P 
: Total nuclei 
Glucose , counted 
5.5 (control) 0 4368 
11.0 -0 3598 
22.0 0 2284 
5.5 5.5 2404 
5.5 16.5 o 3104 


Difference from 
control labeling index 







- Labeling index 






0.1694 + 0.0162 es 
0.1481 + 0.0295 — 16%* 
0.1191 + 0.0211 — 30% bt 
0.1481 + 0.0153 —13%$ 
0.1453 + 0.0116 — 14%| 


Cells were subcultured at 2.0 x 10° cells per 21 cm’, grown 7 days i in norinal or high-ghicose média, exposed to PHH thymidine, 
and processed for autoradiographic analysis by an observer blinded to treatment conditions as described in Material and methods. 
The labeling index is the ratio of labeled nuclei divided by total nuclei counted. Results are mean (=SD) from n = 12 in four 


experiments. 
*» < 0.002, compared with coritrol. 
tp < 0.0001, compared with control. 


tp < 0.005, compared with 11 mmol/L glucose, 5.5 mmol/L mannitol, and 16.5 mmol/L mannitol. 


§p < 0.025, compared with control. 
lp < 0.004, compared with control. 


300 + 2 (mean + SD) mmol/kg in media containing 
5.5 mmol/L D-glucose and 5.5 mmol/L mannitol, 
312 + 2 (mean + SD) mmol/kg in media containing 
22.0 ‘mmol/L D-ghicose, and 311 + 3 (mean + SD) 
mmol/kg in media containing 5.5 mmol/L D-glucose 
and 16.5 mmol/L mannitol. No morphologic differ- 
ences could be detected by phase-contrast microscopy 
in the placental cell‘cultures grown in different media. 
Glucose concentrations remained within 4% of the ini- 
tial glucose level of the media. Cell viability by trypan 
blue exclusion remained at >95% for all cultures. 

_ Labeling index. Background grain counts on control 
slides were $1/500 pm. Preliminary experiments es- 
tablished that the-use.of =5 grains overlying a nucleus 
clearly differentiated labeled from unlabeled nuclei. In 
addition, urilabeled cells had background grain counts, 
thereby excluding dexoyribonucleic acid repair as a sig- 
nificant contributor to [H]thymidine incorporation. 

An alteration in cell proliferation in cultures. with 


; high gincose I levels was identified by studying the la- 


beling index of cells grown in control medium with 5.5 
mmol/L p- -glucose compared with cells grown in media 
containing either 1] or 22 mmol/ L p-glucose. Parallel 
cultures of cells grown in the presence of mannitol were 
used to control for the change iri osmolality, that ac- 
companied the high-glucose media. The labeling in- 
dices of cells grown with the high glucose levels were 
significantly, lower after 3 days (Table I) and 7 days 
(Table II) in culture than those of control cells grown 
in 5.5 mmol/L D- -glucose medium without mannitol. 
The effect, was greater after 7 days’ growth in high 
levels of glucose than after 3 Gays’ exposure, and the 
effect of 22 mmol/L D- -glucöse was: greater: than the 
effect of 11 mmol/ L p-glucose. The lower labeling in- 
dex for cells grown 3 days in the high-glucose condi- 
tions could not be solely attributed to the higher os- 
molality of the media since no significant difference iri 
labeling index was present in cells grown 3 days in 
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Fig. 1. Differences in cell numbers in cultures grown 3 or 7 
days in hyperglycemic or mannitol-containing (16.5 mmol/L) 
media compared with control media with 5.5 mmol/L glucose. 
Each percentage is the mean + SD calculated from n = 16 
from four experiments. Asterisk, p < 0.01 compared with 
control. 


mannitol-containing media when compared with cells 
grown in 5.5 mmol/L D-glucose. However, a part of 
the decrease in the labeling index observed in cells 
grown 7 days in the high-glucose conditions was at- 
tributable to a change ini osmolality since the labeling 
index of cells grown in mannitol-containing media for 
7 days also had a labeling index that was significantly 
lower than that of control cells. 
Cell numbers during growth in high-glucose media. 
Cells to be exposed to the different treatments were 
initially grown 24 hours after subculture in ‘modified 
Eagle’s minimum essential medium with 10% fetal bo- 
vine serum containing 5.5 mmol/L p-glucose. Medium 
was then replaced with one of the study media. This 
approach avoided any effect of high glucose level or 
high osmolality on plating efficiency. The number of 
cells in cultures grown 3 or 7 days in 11 mmol/L D- 
glucose was not significantly different from the number 
of cells in the control medium with 5.5 mmol/L D- 
glucose (Fig. 1). However, there was a significant (p< 
0.01) decrease in the number of cells present in cultures 
grown 3 or 7 days in medium with 22 mmol/L p-glucose 
when compared with those in control medium (Fig. 1). 
The average number of cells present in control media 
after 3 or 7 days’ growth was 6.21 + 1.3 (mean + 
* SD) x 10° and 4.20 + 1.10 (mean + SD) x 10°, r2- 
spectively (n = 16 from four experiments). The num- 
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bers of cells in the 22 mmol/L D-glucose cultures 
ranged between 1.0% and 25.0% lower than control 
after 3 days’ growth, with an average decrease of 9.7%. 
The decrease in numbers of cells after 7 days ranged 
between 4.7% and 25.8% for the 22 mmol/L p-glucose 
cultures compared with control, with an average de- 
crease of 17.8%. There was no difference in the num- 
ber of cells in cultures grown in the presence of 16.5 
mmol/L mannitol compared with control cultures 
grown in 5.5 mmol/L p-glucose (Fig. 1). 

The number of detached, nonviable cells present in 
the media at the time of media changes was <500 cells 
in all cultures. Viability of attached cells by trypan blue 
exclusion remained at >95% in all cultures with no 
differences attributable to the growth medium. 


Comment 

These data indicate that proliferation of cultured hu- 
man fetal cells from term placentas is altered by, short- 
term exposure to high glucose concentrations. The ef- 
fect on the labeling index was dependent on both the 
glucose concentration‘and the time of exposure to the 
high glucose levels. The glucose caused a decrease in 
number of cells present in the cultures exposed to the 
22 mmol/L (400 mg/dl) p-glucose concentration when 
compared with these in control cultures with 5.5 
mmol/L (100 mg/dl) p-glucose. Whether the antipro- 
liferative effect of glucose resulted from an alteration 
of the cell cycle, the growth fraction, or both remains 
to be determined. We conclude that a few days’ ex- 
posure. to high glucose levels can have an effect on 
proliferation of human placental cells in vitro. We sug- 
gest that a glucose effect on proliferation of other cells 
derived from the products of conception might be one 
mechanism contributing to abnormal development in 
some pregnancies of diabetic women. 

Average blood glucose levels for nondiabetic preg- 
nant patients are in the range of 5.5 mmol/L (100 
mg/dl) p-glucose.® © We selected 11 mmol/L (200 
mg/dl) as an average high glucose level ahd 22 
mmol/L (400 mg/dl) as an extreme glucose level that 
realistically. can be observed in some diabetic women 
during pregnancy. . 

Malformations characteristic of offspring from dia- 
betic women are es-ablished by the seventh week of 
gestation.” The specific insult that causes malforma- 
tions is not organ specific since.a variety of organ sys- 
tems are affected by anomalies.’ To expect that a com- 
plex problem such as anomaly development will be ex- 
plained by a’ single mechanism is unrealistic.!? ' 
However, cell proliferation is a prerequisite for nor- 
mal development throughout pregnancy, and small 
changes in cell replication activity caused by a terato- 
genic agent during critical stages of fetal development 
could affect morphogenesis. We selected the labor 
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intensive approach of autoradiographic analysis of 
[H]thymidine incorporation as the best method to 
identify small but significant differences in cell prolif- 
eration activity." Using autoradiographic analysis, we 
also avoided two criticisms raised when [H]thymidine 
is used for biochemical studies of cell proliferation": 
Our results cannot be due to glucose-induced alter- 
ations in [*H]thymidine transport by the cells because 
a change in thymidine pools would change only the 
density of labeling of a cell, not the number of cells 
labeled; and our results are not due to a glucose- 
induced increase in deoxyribonucleic acid repair! since 
this would appear as a’ generalized increase in radio- 
active background in all cells. 

Experimental studies of anomaly development in 
pregnancies complicated by diabetes mellitus have gen- 
erally used animal models.*** Animal models offer the 
advantage of in vivo study of environmental influences 
that might affect growth and differentiation of em- 
bryos, but caution is required when extrapolating re- 
sults in animals to answer questions about human de- 
velopment. Our cell system is not proposed to be- a 
model of human embryogenesis. The novelty of our 
cell model resides in the use of undifferentiated, rap- 
idly proliferating human cells that are derived from the 
products of conception to study the effect high glucose 
levels can have on cell proliferation in a controlled en- 
vironment. The disadvantages of our model include 
the use of term cells instead of first-trimester’cells and 
the use of placental cells instead of cells from the em- 
bryo. We therefore recognize that our conclusion that 
high glucose levels affect the proliferation of cultured 
human fetal cells from term placentas may not apply 
to human fetal cells obtained from the embryo i in the 
first trimester where factors regulating growth and de- 
velopment may be very different. However, our study 
is the first to show that a high glucose level itself has a 
direct effect on cell proliferation in a human fetal cell 
system that is not solely due to a change in osmolality. 
The only other report to use human fetal ‘cells to study 
glucose effects on cell proliferation used umbilical vein 
cells. Cells cultured in 20 mmol/L D- -glucose or 20 
mmol/L mannitol were delayed in reaching confluence 
when compared with cells grown in 5'mmol/L Dp- 
glucose. This was dué in part to a decrease in the mitotic 
index and in part to excess cellular death. These results 
were not specific to the high glucose’ levels but were 
related to the change in osmiolality occurring in both 
the high-glucose and mannitol-containing media. 

Cell death did not influence our results since viability 
as measured by trypan blue exclusion was the same in 
all cultures and the number of detached, nonviablé cells 
was negligible. We also found a labeling index lower 
than that in control cultures in cells grown 3 or 7 days 
in 11 mmol/L p-glucose or 7 days in mannitol. How- 
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ever, the number of cells in these cultures were not 
significantly different from control. The growth of our 
cells was not density limited, and growth beyond 7 days 
in culture resulted in marked cell piling. This phenom- 
enon created irreversible cell clumping and damage 
when we attempted to detach cells to determine their 
numbers at later time points beyond 7 days in culture. 
We were thus not able to determine if the number 
of cells in the 11 mmol/L D-glucose or mannitol- 
containing media would become significantly lower 
than those in control after growth beyond 7 days. 

A derangement in maternal metabolism is a causative 
factor for developmental abnormalities in the offspring 
of diabetic women." # Hyperglycemia is the marker 
of decompensated diabetes most easily assessed clini- 
cally and most commonly associated with anomaly de- 
velopment." ? Associated derangements of maternal 
metabolism implicated in anomaly development in- 
clude hyperketonemia,’* somatomedin inhibitors,” al- 
terations of glycolysis,” hypoglycemia,” alterations of 
trace ‘metals,* and enhanced synthesis of. hyaluronic 
acid.” Recent studies suggest a role for arachidonic 
acid,'* ” myoinositol,”* and glycolytic substrates” for 
anomaly development in experimental animal diabetes. 
Ely” proposed that hyperglycemia máy inhibit mitosis 
by lowering intracellular ascorbic acid levels while rais- 
ing plasma dehydroascorbic acid levels. The molecular 
mediators involved in the antiproliferative effect we 
associated with high glucose levels are unknown, but 
further studies using our cell system .should help to 
identify such mediators. 


We are grateful to Dr. Ronald C. Strickler and Dr. 
Donna R. Farmer for their helpful reviews. 
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Stimuli for fetal swallowing: Systemic factors 


Michael G. Ross, MD, Dan J. Sherman, MD, M. Gore Ervin, PhD, Linda Day, and 


James Humme 


Torrance and Los Angeles, California, and Tel Aviv, Israel 


Although the fetal gastrointestinal tract is believed to be a major site of amniotic fluid absorption, there is 
little information with regard tc the acute regulation of fetal swallowing. A model for the study of ovine fetal 
swallowing was developed to incorporate electromyogams, an esophageal flow probe, and a computer 
data acquisition and analysis program. The fetal swallowing responses to two primary thirst stimuli, plasma 
hyperosmolality and angiotensin II, were studied. On alternate days, chronically prepared fetal lambs 

(131 + 2 days) received an intravenous infusion of angiotensin II (100 ng/kg per minute) or bolus 
injections (3 ml) of 0.15 and 3.97 mol/L saline solution. In response to the angiotensin II infusion, fetal 
systolic (49.3 to 64.7 mm Hg; o < 0.05) and diastolic (31.1 to 40.5 mm Hg; p < 0.05) blood pressures 
significantly increased. However, fetal swallowing did not change from basal rates of 0.85 swallows per 
minute and a net esophageal flow of 0.98 ml/min. In response to the injection of 3.97 mol/L saline 
solution, fetal plasma osmolality increased (292 to 306 mOsm; p < 0.05) and subsequently decreased to 
300 mOsm at 15 minutes after the injection. Within 1 minute after injection of the hypertonic saline 
solution, fetal swallowing activity (6.0 swallows per minute; p < 0.05) and net esophageal flow (2.4 
ml/min; p < 0,05) significantly increased. Swallowing returned to basal values within 5 minutes after the 
injection. The data indicate that ovine fetal responses to osmoiar thirst challenges are intact at 130 days’ 
gestation. Fetal swallowing and thus amniotic fluid volume may be affected by fetal responses to in utero 


stimuli. (Am J Osstet GYNECOL 1989;161:1559-65.) 


Key words: Ovine, thirst, gastrointestinal tract 


Swallowing may be of great importance to the de- 
veloping fetus. Both the ovine and human fetuses have 
been estimated to swallow 500 to 1000 ml per day of 
amniotic fluid and likely additional volumes of pul- 
monary and salivary secretions.’” Accordingly, alter- 
ations in amniotic fluid volume have been attributed to 
abnormal swallowing in human fetuses*° and a direct 
relationship between fetal swallowing and amniotic 
fluid volume has been shown in animal models. '™? Fur- 
thermore, fetal swallowing of amniotic fluid may be 
essential for normal gastrointestinal development and 
maturation." Yet, the regulation of fetal thirst and swal- 
lowing is largely unexplored. 

In the adult mammal there appear to be two stimuli 
for primary (thirst-mediated) drinking, one arising 
from cellular dehydration and the other from extra- 
cellular volume depletion.“ Cellular dehydration, or 
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perhaps cell shrinkage, is sensed centrally in areas near 
the preoptic nucleus of the hypothalamus and the tissue 
surrounding the anteroventral portion of the third ven- 
tricle. These parapreoptic neural regions may re- 
spond to either plasma or cerebrospinal fluid osmolality 
changes, mediated in part by the cellular permeability 
to the osmotic agent. Notably, these regions are in close 
proximity to hypothalamic nuclei synthesizing arginine 
vasopressin. Extracellular thirst stimulation appears to 
be mediated principally by neuroendocrine factors. In 
particular angiotensin IJ, secreted in response to per- 
ceived intravascular volume depletion, may act either 
systemically or centrally to stimulate thirst." 

The ontogeny of the physiologic and endocrine 
mechanisms that regulate swallowing has received only 
limited study, primarily in the newborn rat.” The fetus 
develops in an aquatic environment and thus requires 
only reflex or “secondary” drinking for the ingestion 
of fluid. It is possible that “primary” drinking mecha- 
nisms do not develop in utero. However, previous stud- 
ies indicate a significant in utero maturation process of 
endocrine systems that mediate renal antidiuresis, the 
unconscious counterpart to thirst.’ Thus it is likely that 
thirst mechanisms also mature. To initiate studies of 
the regulation of fetal “thirst,” we developed a model 
for the quantification of swallowing activity and volume 
in the ovine fetus. Fetal responses to two primary sys- 
temic thirst stimuli, plasma hyperosmolality and angio- 
tensin I, were studied. The results suggest an intact 
“thirst” mechanism in the late gestation ovine fetus. 
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Animals and methods 


Six chronically instrumented Western crossbred ewes 
with singleton fetuses were studied. Guidelines for 
the care and use of animals approved by Harbor— 
University of California at Los Angeles Medical Center 
were followed in all studies. Five experiments were per- 
formed to quantify the swallowing response to angio- 
tensin II, and four experiments studied the fetal swal- 
lowing activity in response to plasma hyperosmolality. 
Three animals had both studies performed, with the 
sequence of the angiotensin II or hypertonic saline so- 
lution study chosen at random. The mean gestational 
age for both studies was 131 + 2 days. Animals were 
housed indoors in individual steel study cages and ac- 
climated to a lighting regimen of 12-hour light and dark 
periods. Both food (alfalfa pellets) and water were avail- 
able as desired, except for the withholding of food dur- 
ing the 24-hour period immediately preceding surgery. 

Anesthesia for surgery was induced by an intramus- 
cular injection of ketamine hydrochloride (800 mg) 
plus atropine sulfate (300 mg) and was subsequently 
maintained by a continuous intravenous infusion of 
ketamine (600 mg/hour) plus locally applied lidocaine 
(Xylocaine) (1%) for all maternal and fetal incisions. 
The uterus was exposed by a midline abdominal inci- 
sion and a small hysterotomy was performed to provide 
access to a single fetal hind limb. Polyethylene catheters 
(inner diameter, 1.0 mm; outer diameter, 1.8 mm) were 
placed in a fetal dorsal hind limb vein and artery and 
threaded to the inferior vena cava and aorta, respec- 
tively. Before hysterotomy closure, an amniotic fluid 
catheter (Corometrics Medical Systems, Wallingford, 
Conn.) was sutured to the distal tip of the fetal hind 
limb. 

A second hysterotomy was made over the fetal neck 
and a 3 cm vertical incision was made in the fetal nuchal 
midline, extending cephalad from the thyroid cartilage. 
The skin was gently clamped to the uterus and the 
pharyngeal muscles were identified. Two wires (AS632, 
Cooner Wire, Chatsworth, Calif.) were inserted into 
one thyrohyoid muscle and a third ground wire was 
placed in the adjacent subcutaneous tissues. The nuchal 
esophagus was exposed and similarly prepared with 
bipolar electromyogram and ground electrodes. The 
skin incision and uterus were closed. The fetal thorax 
was positioned, the uterus was incised, and the fetal 
left hemithorax was entered via the eighth intercostal 
space. The peritoneum overlying the esophagus was 
incised for a distance of 2 cm cephalad to the dia- 
phragm. Electromyogram electrode wires were placed 
on the thoracic esophagus and a 4 mm ultrasono- 
graphic flow probe (Transonic System Inc., Ithaca, 
N.Y.) was placed loosely around the esophagus, distal 
to the electromyogram wires. The fetal chest was closed 
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in layers, the uterus and maternal incisions were re- 
paired, and the catheters and electrodes were exter- 
nally accessed via a maternal flank incision. Catheters 
also were placed in the maternal inferior vena cava and 
abdominal aorta via the femoral vein and artery in one 
leg. Fetal vascular catheters were maintained patent by 
filling the catheter dead space (1 ml) with 1000 U/ml 
sodium heparin; catheters were sealed with sterile plas- 
tic caps. Maternal vascular catheters were filled with 
heparinized saline solution (10 U/ml) and both fetal 
and maternal catheters were flushed daily. All animals 
were allowed a minimum of 5 days for postoperative 
recovery during which time the fetuses received intra- 
venous infusions of methicillin sodium (100 mg) twice 
daily. Methicillin sodium (400 mg) and chloramphen- 
icol (500 mg) also were administered into the maternal 
vein and amniotic cavity. After the studies, the animals 
were killed and the flow probe was removed from the 
fetal esophagus. There was no evidence of obstruction 
or constriction of the esophagus in any fetus. 


Experimental protocol 


Angiotensin infusion. All experiments were per- 
formed on unanesthetized ewes standing in the same 
individual cages in which they were maintained. During 
an initial 60-minute control period (time — 60 to 0) fetal 
swallowing activity was continuously monitored. At 0 
minutes, a fetal intravenous infusion of angiotensin II 
(100 ng/kg per minute) in 0.9% saline solution was 
administered at a rate of 0.05 ml/kg per minute and 
maintained for 60 minutes. The infusion was pre- 
ceeded by a 1 ml bolus injection of angiotensin II 
(20 ng/kg). Infusion concentrations were determined 
on the basis of estimated fetal body weight (FBW) 
from the formula FBW (kg) = [0.096 x gestational 
age (days)] — 9.2228, as described by Robillard and 
Weitzman." 

At 60 minutes the angiotensin II was discontinued 
and the animals were monitored for an additional 60- 
minute recovery period (time 60 to 120 minutes). Fetal 
arterial blood samples (2.5 ml), obtained at —30 and 0 
minutes of the control period, 15, 30, and 60 minutes 
of the angiotensin II infusion, and 75, 90, and 120 
minutes of the recovery period were collected into iced 
tubes that contained 10 jl lithium heparin per milliliter 
of blood and were immediately centrifuged. Osmolality 
was measured in aliquots of the prepared plasma. An 
additional 0.5 ml of blood was collected into heparin- 
ized 1 ml syringes for immediate measurement of pH, 
Pos, and Pco,. The total volume of fetal blood with- 
drawn at each sampling was immediately replaced with 
an equal volume of heparinized maternal blood with- 
drawn before the study. Maternal arterial blood sam- 
ples were drawn at ~ 30, 0, 60, and 120 minutes for 
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measurement of hematocrit, pH, Pos, Pco., and plasma 
osmolality. Fetal arterial blood pressure and heart rate 
were monitored continuously by means of a Beckman 
R-612 physiologic recorder (Beckman, Palo Alto, Calif.) 
with a Statham P23 transducer (Gould Inc., Oxnard, 
Calif.). Amniotic fluid pressure was subtracted from 
fetal arterial pressure. 


‘Hypertonic saline solution infusion 


On a different day, four of the animals were studied 

to determine the effect of acute plasma hyperosmolal- 
ity. During an initial 60-minute control period (time 
~ 60 to 0 minutes) fetal swallowing activity was contin- 
uously monitored. Basal maternal and fetal blood sam- 
ples (3.0 ml) were drawn at —30 and 0 minutes for 
hematocrit, pH, Po, PCO, plasma osmolality, and 
plasma arginine vasopressin as described above. At time 
0, an intravenous bolus (3 ml) of isotonic (0.15 mol/L) 
saline solution was injected into the fetus. Repeat fetal 
blood samples were drawn at 1, 5, 10, and 15 minutes 
after the injection. At 15 minutes, an intravenous bolus 
of 3.97 mol/L saline solution was injected into the fetus 
and identical blood sampling was performed at 16, 20, 
25, and 30 minutes. Preliminary studies had indicated 
that fetal plasma osmolality remained elevated for >30 
minutes after injection of hypertonic saline solution. 
To avoid the potential effect of persistent plasma hy- 
_perosmolality on the response to isotonic saline solu- 
tion, the injection of 0.15 mol/L saline solution was 
performed before the injection of 3.97 mol/L saline 
solution in all studies. Injections were not administered 
during spontaneous bouts of swallowing. In such cases, 
the injection was delayed until there was a return to 
basal activity. Repeat maternal blood samples were 
drawn at 15 and 30 minutes. 


Analytical methods 


Plasma arginine vasopressin levels were measured by 
radioimmunoassay of 1 ml plasma samples extracted 
on Sep-Pak (Waters Associates, Milford Mass.) columns. 
The extraction procedure of LaRochelle et al. was 
modified to include 0.1% trifluoroacetic acid (in place 
of 4% acetic acid) and sample elution was accomplished 
with 2 ml of 50% methanol in 0.1% trifluoroacetic acid. 
Synthetic arginine vasopressin (obtained from Bachem, 
Torrance, Calif.) was used as the standard. The argi- 
nine vasopressin radioimmunoassay used in our labo- 
ratory is sensitive to 0.8 pg of arginine vasopressin per 
milliliter of plasma (0.16 pg/tube). The intra-assay and 
interassay coefficients of variation are 6% and 9%, re- 
spectively. 

Blood pH, Po., and Pco, values were measured at 
39° C with a BM 33 MK 2-PHM 72 MK2 acid base 
analyzer system (Radiometer, Copenhagen, Denmark). 
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Plasma osmolality was measured by freezing point 
depression on a digimatic osmometer (model 3MO, Ad- 
vanced Instruments, Needham Heights, Mass.). 

All electromyogram signals were directed into a 
Beckman R612 physiologic recorder with a Beckman 
voltage-pressure/ pulse coupler (type 9853A). A com- 
mon ground was formed from each of the electromy- 
ogram ground wires. The electrode impedence in mus- 
cle tissue was 1 to 15 kOhms at 1 kHz. The raw signal 
ranged from 0.1 to 1 mV. Amplifier impedence was 
2 x 10° ohms, sensitivity range was 0.5 to 5 V/mm, 
and the common mode rejection ratio was 100 dB at 
60 Hz. A low cut-off 5.3 Hz filter was present on the 
preamplifier with a narrow band (60 Hz) filter on the 
amplifier. A “leaky” integrator (moving average) with 
a variable time constant was inserted in series after 
preamplication of the raw electromyogram signal, 
which served to rectify and integrate the electromy- 
ogram signal. The integrated signal was further am- 
plified (x 100) and the output was plotted on the chart 
recorder and directed in parallel to both an FM tape 
recorder (Tandberg Instrument Recorder Series 100, 
Tandbergs Radiofabrikk, Oslo, Norway) and a micro- 
computer. With the use of an analog to digital— 
converter and Asyst (MacMillan Software Company, 
N.Y.) software, the integrated electromyograph signals 
were digitized at 50 samples per second per channel. 
Flowmeter signals (milliliters per minute) were pro- 
cessed without electronic integration and were similarly 
stored on the hard disc. l 

Flowmeter signals were displayed after the study. An 
analysis program calculated mean and SD of periods 
of zero flow (absent swallowing). With the use of mean 
and 3 SDs to represent the range of baseline noise, the 
program determined psoitive and negative thresholds 
for flow analysis and subsequently identified all positive 
(cranial to caudal) and negative (caudal to cranial) flows. 


© Each flow was mathematically integrated by the com- 


puter, yielding actual volume per swallow. Net esoph- 


` ageal How was calculated as positive flow minus negative 


flow. Similarly, electromyograph patterns were dis- 
played and threshold voltages were selected for dis- 
crimination of noise versus signal. The analysis pro- 
gram scanned each channel denoting the time of onset, 
maximum amplitude, and the duration of each “spike” 
(single channel). “Swallows” were defined as a sequence 
of spikes from the thyrohyoid through the thoracic 
esophagus within time limitations determined for each 
fetus by analysis of wave form progression (Fig. 1). 
The transit-time ultrasonographic flowmeter (T101, 
Transonic Systems Inc., Ithaca, N.Y.) produces linear 
bidirectional flow signals over a range of +500 ml. The 
transit-time flowmeter is unaffected by vessel dimen- 
sions or misalignment and does not require a constric- 
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Fig. 1. Fetal swallowing demonstrating progression of electromyogram activity from thyrohyoid (Thy) 
to nuchal esophagus (N Eso) and thoracic escphagus (T Eso) associated with esophageal flow (V Eso). 


Table I. Mean (+SEM) fetal arterial values during control (60 to 0 minutes), angiotensin II (0 to 6 
minutes), and recovery (60 to 120 minutes) periods ín = 5) 








fe 






Time (minutes) 











Hematoerit (%) 30.6 + 1.6 30.4 + 1.5 315414 324+ 1.3* 32.3 + 1.1* 324+ 1.4* 30.7 + 14 30.3 + 12 
pH 7.36 + 0.01 7.34 + 0.01 7.33 + 0.02 7.35 + 0.03 
Pa, (mm Hg) 17.6 + 1.8 17.4 + 14 14.8 + 1.9 16.4 + 2.1 
Pco, (mm Hg) 44.0 + 1.0 44.6 + 1.8 43.8 + 1.2 42.0 + 2.2 
Blood pressure 
(mm Hg) i 
Systolic 49.5 + 3.7 49.1 +3.5 65.4 + 5.4* 64.8 + 5.3* 63.8 = 5.3* 486436 50.4 +32 49.0 + 2.5 
Diastolic 31.7 £ 3.5 30.5 + 3.0 39.8 + 4.2* 40.6 + 4.4* 41.2 + 5.0* 32.2 +31 33.2 1.7 32.0 1.4 
Heart rate 185 + 21 175 + 15 179417 196 + 17 204 + 17 235 + 14* 201+ 15 1844 12 
(beats/min) 
Osmolality (mOsm) 294 + 3 294 + 3 294 + 3 295 + 3 295 +2 295 + 2 292 + 2 293 + 3 
*p < 0.05 Versus basal values. 
tive fit to the vessel. Flowmeter calibration was con- Results 


firmed in vitro and in vivo. All flow probes are factory 
precalibrated. On receipt, an additional bench calibra- 
tion with a variable infusion pump setup and collection 
of outflow confirmed the factory calibration. During 
chronic implantation, the flowmeter confirms zero and 
full-scale flow calibration. Furthermore, a zero-baseline 
adjustment allows for correction for minimal baseline 
noise. 

After computer analysis the reduced data are pre- 
sented as swallows or volume swallowed per unit of 
time. All values are expressed as the mean + SEM. 
Differences over time were assessed by one-way analysis 
of variance with repeated measures. Differences wi-hin 
groups were determined with Dunnetts test. Maternal 
samples were analyzed by the Student paired ¢ test to 
compare the mean of basal values with the mean of the 
values at the conclusion of the studies. 


a”) 


Angiotensin infusion. During the infusion of angio- 
tensin II to the fetus there was a significant increase in 
fetal systolic (49.3 + 3.6 to 64.7 + 5.2 mm Hg) and 
diastolic (31.1 + 3.1 to 40.5 + 4.5 mm Hg) blood pres- 
sures, which returned to basal values during the re- 
covery period (49.3 + 3 mm Hg, 32.5 + 2.0 mm Hg, 
respectively) (Table I). Fetal heart rate did not change 
during the infusion of angiotensin [I but did increase 
significantly 15 minutes after the conclusion of the in- 
fusion. Fetal hematocrit increased significantly during 
the angiotensin II infusion (30.5% + 1.6% to 32.4% + 
1.3%) and returned to basal levels during the recovery 
period. Fetal arterial pH, Poz, PCO» and plasma os- 
molality did not change during the study (Table I). 

Fetal swallowing activity averaged 0.85 + 0.21 swal- 
lows per minute and esophageal flow was 0.98 + 
0.64 ml/min during the 60-minute control period. 
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Table IT. Mean (+SEM) fetal arterial values in response to isotonic and hypertonic saline solution 


infusions* (n = 4) 





Time (minutes) 








Hematocrit (%) + 2.0 
pH 7.33 + 0.01 
Po, (mm Hg) 17.8 + 1.8 
PCOs (mm Hg) 47.0 + 2.7 
Blood pressure (mm Hg) 

Systolic 56.3 + 4.7 

Diastolic 37.3449 
Heart rate (beats/min) 182 + 13 


30.0 + 1.9 29.3 + 1.9 28.6 + 1.5 

7.35 + 0.02 7.35 + 0.02 7.35 + 0.02 
18.1 + 2.1 17.0 + 1.4 16.3 + 2.4 

47.3 + 1.9 45.3 + 0.9 45.0 + 0.7 

55.7 + 7.8 55.2 + 6.1 56.7 + 9.8 

38.6 + 5.5 37.2 + 4.4 38.6 + 6.7 

172 +4 177 +3 198 + 2 





*0.15 mol/L Saline solution administered after 0-minute sample; 3.97 mol/L saline solution administered after 15-minute 


sample. 


In response to the angiotensin II infusion, swal- 
lowing activity (0.62 + 0.15 swallows per minute) 
and flow (0.40 + 0.06 ml/min) did not change signif- 
icantly. Swallowing remained stable during the recovery 
period (0.99.+ 0.25 swallows per minute, 0.50 + 
0.26 ml/min). In response to the fetal angioten- 
sin IJ infusion, maternal mean blood pressure (86 + 
1 mm Hg), heart rate (135 + 8 beats/min), hemato- 
crit (28.5 + 1.9%), pH (7.48 + 0.01), Po, (99.4 + 6.7 
mm Hg), Pco, (30.6 + 0.5 mm Hg), and plasma os- 
molality (297 + 3 mOsm) did not change. 

Hypertonic saline solution administration. 
Throughout the hypertonic saline solution study, fetal 
hematocrit, pH, Pos, PCOs, heart rate, and systolic and 
diastolic blood pressure values did not change (Table 
Il). Fetal plasma osmolality (292 + 3 mOsm) did not 
change significantly after the 0.15 mol/L sodium chlo- 
ride injection (Fig. 2). However, 1 minute after the 3.97 
mol/L sodium chloride bolus, fetal plasma osmolality 
significantly increased to 306 + 5 mOsm, and subse- 
quently decreased to 300 + 3 mOsm by 15 minutes 
after the injection. Fetal plasma levels of arginine va- 
sopressin did not change in response to the 0.15 
mol/L saline solution bolus. There was a small but non- 
significant increase in plasma arginine vasopressin 
(p = 0.058) in response to the 3.97 mol/L saline so- 
lution bolus (Fig. 2). 

In response to the 0.15 mol/L saline solution bolus, 
fetal swallowing activity (0.81 + 0.18 swallows per min- 
ute) or volume (0.46 + 0.20 ml/min) did not change. 
However, fetal swallowing activity significantly in- 
creased (6.0 + 1.7 swallows per minute; p < 0.05) 
and swallowed volume increased fivefold (2.4 + 1.0 
ml/min; p < 0.05) at 1 minute after the 3.97 mol/L 
saline solution injection. Both swallowing activity and 
volume returned to basal values 5 minutes after-the 
injection (Fig. 2). 

‘Maternal hematocrit (29.0% + 3.3%), pH (7.46 + 


0.01), Po, (98.4 + 4.3 mm Hg), Pco, (34.3 + 2.3 mm 
Hg), and plasma osmolality (294 + 3 mOsm) did not 
change in response to the fetal 0.15 mol/L and’ 3.97 
mol/L injections of saline solution. 


Comment 


Human fetuses have been estimated to swallow up 
to 500 ml/day of amniotic fluid, in addition to signif- 
icant volumes of lung fluid and salivary secretions.°s! 
Similarly, ovine fetuses swallow up to 1 L per day near 
term.’ As fetal swallowing appears to be a primary 
route of amniotic fluid reabsorption, an interruption 
of normal swallowing in human fetuses or animal mod- 
els may result in polyhydramnios.*” Fetal swallowing 
also has been shown to have significant effects on gas- 
trointestinal development. In the absence of swallow- 
ing, the maturation of gastric and intestinal tissue is 
retarded in fetal sheep” and rabbits. Intragastric in- 
fusions of amniotic fluid, though not saline solution, 
normalized the maturation. In addition, decreased so- 
matic growth may be a result of inhibited swallowing 
in either human? or rabbit fetuses.” 

To permit quantification and analysis of fetal swal- 
lowing, we developed a model that combines electro- 
myograms, an esophageal flow probe, and a computer 
data acquisition and analysis program. In pilot studies 
we showed that fetal esophageal electromyogram ac- 
tivity parallels intraesophageal pressure waveforms 
during swallowing. Furthermore, in the newborn lamb 
we have confirmed that isolated thyrohyoid electro- 
myogram activity is associated with licking or sucking, 
whereas true drinking demonstrates electromyograph 
progression to the thoracic esophagus. Extrapolation 
from the basal fetal swallowing rates before the infusion 
of angiotensin II or saline solution shows that fetuses 
swallowed between 660 and 1400 ml per day, volumes 
consistent with previous determinations.’ Prolonged 
recordings of swallowing activity in our laboratory have 
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Fig. 2. Fetal plasma osmolality, plasma arginine vasopressin, 
electromyographic swallows, and net esophageal volume flow 
in response to intravenous injection of 0.15 or 3.97 mol/L 
saline solution. *p < 0. 05 Versus time zero (mean control pe- 
riod value). 


confirmed this range of daily volumes (unpublished 
observations). 

Adult mammals display thirst behavior in response 
te two primary systemic stimuli: plasma hyperosmolal- 
ity and extracellular volume depletion." Although con- 
troversial, it is believed that central or systemic angio- 
tensin II contributes to swallowing stimulation during 
the latter. However, it is unknown whether the fetus 
exhibits thirst behavior in response to these or other 
stimuli: 

This study indicates that fetal swallowing i is stimu- 
lated in response to acute increases in plasma osmo- 
lality. At 1 minute after the hypertonic saline solution 
bolus, fetal plasma osmolality increased by 14 mOsm. 
Within 5 minutes, plasma osmolality had decreased to 
within 10 mOsm of basal values. Stimulation of swal- 
lowing was observed for 5 minutes, with the maximum 
effect occurring at 1 minute. Despite the continued 
plasma hyperosmolality, swallowing returned to basal 
levels within 5 minutes. Thresholds for thirst sensation 
in the adult generally occur in response to 2% to 3% 
‘6 to 9 mOsm) increases in plasma osmolality.” How- 
ever, the fetal arginine vasopressin secretory response 
to increased plasma osmolality is suppressed relative to 
the newborn or adult.” If the assumption is made that 
the fetal plasma osmolality threshold for stimulation of 
thirst also is less sensitive than that in the adult, one 
explanation for the results might be that the osmotic 
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stimulus was above the fetal thirst threshold only dur- 
ing the first 5 minutes after administration of the hy- 
pertonic saline solution. This may explain the lack of 
a significant increase in fetal plasma arginine vaso- 
pressin. Alternatively, termination of swallowing may 
have occurred in response to liquid entering the phar- 
ynx or upper gastrointestinal tract.™ Notably, maternal 
and thus fetal plasma osmolality may increase to this 
extent in response to diet, moderate exercise, or de- 
hydration." 

During the fetal angiotensin II infusions, fetal ar- 
terial blood pressure significantly increased. In re- 
sponse to an identical angiotensin II infusion dose (100 
ng/kg per minute), Robillard et.al. measured fetal 
plasma angiotensin II levels of approximately 400 
pg/ml. This angiotensin II level is well above the pro- 
posed plasma angiotensin II dipsogenic threshold of 
200 pg/ml. However, in the present study fetal swal- 
lowing activity did not change in response to intrave- 
nous angiotensin II infusion. Controversy persists as to 
the physiologic role of angiotensin II in the regulation 
of thirst. Exogenous intravenous angiotensin IJ infu- 
sions have been shown to both stimulate?™?! or have no 
effect® on thirst in adult rats and dogs. Intracarotid 
angiotensin II, although not intravenous angiotensin 
II, induces water drinking in adult sheep.” Although 
some studies administered pharmacologic dosages of 
angiotensin II, others have shown thirst stimulation 
with physiologic plasma angiotensin II concentrations. 
However, the lack of an effect of angiotensin IJ in other 
studies has raised questions of its importance in thirst 
regulation. Robinson and Evered* have noted that the 
physiologic conditions in which thirst may be stimulated 
by renin-angiotensin (dehydration, extracellular vol- 
ume depletion) generally occur during periods of near 
or below normal mean arterial pressure. These inves- 
tigators have proposed and experimentally supported 
the hypothesis that the failure of intravenous angio- 
tensin II infusions to stimulate thirst in some studies 
may be a result of tne increased blood pressure induced 
by angiotensin II in the normovolemic state. Thus the 
hypertension induced in the current study may have 
inhibited the stimulatory effect of increased plasma an- 
giotensin LI on swallowing. Alternatively, central an- 


giotensin II rather than plasma angiotensin II has been 


proposed to be the actual dipsogen.'® In adult sheep, 
angiotensin [I injection into the third ventricle consis- 
tently stimulated drinking.” Thus the ovine fetus may 
be more likely to respond to central, rather than pe- 
ripheral, angiotensin II. 

Studies of the ontogeny of thirst behavior generally 
have been limited to neonatal rat and dog pups. How- 
ever these investigations have inherent difficulties in- 
cluding the stimulation of water intake before weaning 
and the differentiation of stimuli for food versus water. 
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More recent studies’? have circumvented these obsta- 
cles and shown the maturation of responses to thirst 
challenges in the newborn suckling rat: cellular dehy- 


dration at the age of 2 days, hypovolemia at 4 days, ` 


and B-adrenergic activation at 6 days. Although no re- 
sponses to thirst challenges were noted in 1-day-old 
rats, it is possible that stresses associated with birth and 
neonatal transition inhibited the responses. Alterna- 
tively, the neonatal development of swallowing in the 
rat may be consistent with the altricial development of 
_this species. 

The current data represent the first report of the 

stimulation of fetal swallowing confirmed by direct 


measurement; the ovine fetal response to osmolar thirst . 


challenge is intact at 130 days’ gestation. Thus increased 
fetal plasma osmolality in response to maternal plasma 
hypertonicity or dehydration may increase fetal swal- 
lowing. The increased resorption of amniotic flu- 
id by swallowing coupled with a decrease in urine 
production” potentially may alter the volume and com- 
position of amniotic fluid. The precise role of fetal thirst 
and the effects of stimulated or suppressed swallowing 
remain to be determined. 
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Effect of whole-body pH changes on thoracic duct lymph flow 


in anesthetized sheep 


Guillermo J. Valenzuela, MD, Hugh W. Forbes, and Justo G. Alonso, MD 


Loma Linda, California 


Physiologic alterations of pH in vitro produce alterations of the oncotic pressure of both plasma and 
interstitial proteins, the effect being more, marked in the latter. Therefore we postulated that by changing 
an animal's pH we could produce alterations in fluid distribution and affect the whole- -body lymph flow rate. 
To test this, hypothesis, we infused seven ‘acutely nephrectomized anesthetized. sheep with 2% body 
weight/volume isosmotic lactated Ringer's solution and bicarbonate (200 mEq) after a 30-minute control 
period. The fluid was infused over a 40-minute period with 20- minute recovery intervals. To another group 
of seven ewes, we infused the same volume of lactated Ringer's solution and hydrochloric acid (40 mEq). 
Throughout the experiment,. we continuously measured arterial and: venous pressures and lymph flow, rate. 
Every 10 minutes'we obtained, samples for arterial’pH, for hematocrit, and for plasma and lymph protein 
anc osmolality. The infusion of bicarbonate was associated with a comparatively lower peak lymph flow 
rate (383% over baseline’ compared with 757% for. acid infusion). Also the lymph. flow rate after acid 
infusion started to increase ~5S. minutes ‘after the beginning of the infusion, as compared with ~10 minutes 
after the base infusion. “Acid infusion did not increase arterial pressure, in contrast to the other infusions. 
The changes in pH obtained with the infusions were insignificant for the Ringer's infusion, +0.17 for the 
base, and’ —0.16 for.the acid: The plasma/lymph protein concentration ratios at the end of the infusion 
we’e, no, different for acid or base: 112.4% + 4.4% and 101.9% + 5% (difference from control, 

mean + SEM) respectively (p > 0.1). In conclusion, minimal alterations of pH produced alterations in the 
cardiovascular and lymph flow rate responses. to fluid challenge in anesthetized animals: (Am J OBSTET 


Geco 1 989; 1861:1566- 70; SE 


Kej aordi; Changes of pH, fluid distribution, lymph flow 


` The distribution of fluid’ between the intravascular 
and interstitial systems follows Starling’s equation. Hy- 
drostatic intravascular and interstitial oncotic pressures 
drive fluid into the interstitial space, while interstitial 
hydrostatic pressure and plasma oncotic pressure try 
tc maintain the fluid intravascularly. In the interstitium, 
hyaluronic acid is organized in a mesh impregnated 
with water, which gives the interstitium a gel structure 
with a negatively charged surface.' Therefore it is pos- 
sible to postulate that éven small changes in an animal’s 
pH could affect the Donnan equilibrium in the inter- 
stitial gel, thus affecting the oncotic pressure. differ- 
ences across the capillaries and between the interstitial 
gel and the free fluid. Will and Brace? ‘demonstrated 
in-vitro that increases in pH can increase the plasma 
oncotic pressure in a linear fashion. This phenomenon 
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could be relevant to a better understanding of maternal 
fluid retention during pregnancy and in the fetus, since 
pH is different from that in the nonpregnant state in 
both instances. To test the hypothesis that pH changes 
would affect the whole-body lymph flow rate, we per- 
formed a series of infusions in anesthetized animals, 
using fluid with normal pH, alkaline pH, and acidic 
pH, and measured the response of the systemic vas- 
culature and lymph flow. 


Material and methods 


A total of 14 ewes was obtained from loca! breeders 
and femoral artery and vein, left thoracic duct, and 
jugular vein catheters were placed with the animals 
under general anesthesia, as described in detail else- 
where.’ The renal circulation was tied off bilaterally 
through a flank incision, and splenectomy was per- 
formed at the same time. The arterial and venous pres- 
sures were recorded continuously and stored every 
1 minute for later analysis with an on-line data- 
acquisition system as described by Dale et alt The 
lymph flow was drained to a weighed vial 30 cm below 
heart level; the lymph flow rate was obtained from 
the weight differential and stored every 1 minute. 
In chronic preparations we have demonstrated that 
changes i in the negative pressure of the lymph catheter 
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(between 0 to — 30 cm) do not affect lymph flow rate.’ 
The animals were allowed to breathe spontaneously 
during the experiments to avoid any effect of mechan- 
ical ventilation on lymph flow rate. We attempted only 
moderate changes in pH, because of concern about the 
direct cardiovascular effects of the base or acid infu- 
sions. We also wanted to minimize any possible effect 
of respiratory rate while still affecting in a measurable 
manner the circulating pH. The animals underwent 
splenectomy because of the large red blood cell res- 
ervoir represented by the spleen in the sheep. 

Experimental protocol. The experiments were ini- 
tiated 1 hour after the end of surgery, with the animals 
receiving oxygen (3 L/min), maintained in a state of 
light anesthesia (0.5% to 1% halothane), and breathing 
spontaneously. In seven animals the experiment con- 
sisted of a 30-minute control period during which base- 
line measurements of arterial and venous pressures and 
thoracic duct lymph flow rates were obtained. Lymph 
was returned continuously to the animal through a neck 
vein at the lymph flow rate. At the end of the control 
period, lactated Ringer’s solution was infused (2% body 
weight/volume) over a 10-minute period. Then, after 
an interval of 20 minutes, we administered sodium bi- 
carbonate (200 mEq) as isosmotic solution (prepared 
for each animal), over the same time interval (10 min- 
utes) and in the same total volume as the lactated Ring- 
er’s solution (2% of body weight). In another seven ewes 
we infused lactated Ringer's solution and then acid (in 
the same volume as described above). Arterial samples 
for pH, plasma osmolality, and hematocrit were ob- 
tained every 10 minutes throughout the experiment. 
Lymph samples for osmolality and protein concentra- 
tion were also obtained every 10 minutes. Protein con- 
centration was determined with a hand-held refractom- 
eter (American Optical). Samples of blood were trans- 
ported in a capped syringe, and blood gas values were 
determined immediately. 

Vascular and interstitial fluid compliance calcula- 
tions. Vascular compliance was obtained by estimating 
the changes in intravascular volume from the changes 
in hematocrit and venous pressure. An index of the 
changes in the interstitial fluid compliance was obtained 
from the changes in interstitial fluid volume, assuming 
that the changes in interstitial hydrostatic pressure were 
similar on both sides of the capillaries. Since a known 
amount of fluid was infused and the ewes were ne- 
phrectomized and splenectomized, the changes in in- 
travascular volume could be estimated and the fluid 
transferred to the interstitial space thus calculated. 

Data analysis. Arterial and venous pressures were 
averaged for the control period (initial 30 minutes), and 
for the 10 minutes thereafter during the infusions. The 
changes with time for each group were analyzed by 
analysis of variance. 


pH changes and lymph flow 1567 


The arterial and venous pressures, lymph flow rate, 
and heart rate for the base and acid groups were com- 
pared for the period of the last 5 minutes of the in- 
fusion together with the first 5 minutes of the recovery 
period after the end of the infusion. The acid and base 
infusion comparisons of lymph to plasma protein con- 
centration ratio, hematocrit, arterial and venous pres- 
sures, and heart rate were calculated by assessing the 
change (in percent over baseline) at the end of the 
infusion; these results were compared by unpaired 
é test. The excess lymph over baseline after the base or 
acid infusion was calculated by measuring the area over 
baseline and expressed as a ratio of the control period 
area and compared by ¢ test. 


Results 


The control values for the 14 ewes (average + SEM) 
are presented in Table I. The lymph flow responses to 
blood volume expansion (expressed as percent of base- 
line) for the two different groups are presented in Fig. 
1. We present the data as the percent change over base- 
line to correct for interanimal variation. During the 
infusion of lactated Ringer’s solution both group of 
animals responded similarly (p > 0.1); however, the re- 
sponse to the second infusion was higher for the acid 
(p < 0,05). For the sequence lactated Ringer’s solution 
to base, the peak lymph flow after the base infusion 
occurred at 23 minutes after the beginning of the in- 
fusion (383% of control); for the lactated Ringer's so- 
lution to acid sequence, the peak after acid occurred 
at 21 minutes (782% of control). For the latter infusion, 
the lymph flow rate started to increase at 5 minutes 
after the beginning of the infusion, compared with af- 
ter 10 minutes for either lactated Ringer’s solution or 
base. 

Fig. 2 shows the arterial pressure response to the fluid 
infusion. The acid infusion was characterized by ab- 
sence of an increase in arterial pressure when com- 
pared with the response to either lactated Ringer’s so- 
lution or base (p < 0.05). 

In Table I, the changes in arterial and venous pres- 
sures, heart rate, hematocrit, and pH are presented. 
The values for the pressures and the lymph flow rate 
represent the interval 5 minutes before and 5 minutes 
after the end of the infusion. Osmolality did not change 
throughout the experiment. 

We could not detect a significant change in the es- 
timated blood volume, vascular compliance, or inter- 
stitial compliance by ¢ test or Sign test. 

The lymph/protein ratio was 101% + 5% (percent 
over baseline) at the end of the base infusion and 
109.4% + 4.4% for the acid infusion, a nonsignificant 
difference (p > 0.1). The ratio for excess lymph flow 
area was 277% for the acid infusion as compared with 
120% for the base infusion. Plasma and lymph osmo- 
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Table I. Control values for 14 ewes 








Control 
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Infusion % of Baseline 





Arterial pressure 91.2 + 5.0 100.5 + 6.5 84.6 + 1.5 114.9 + 2.3 90.1 + 4.1*} 115.8 + 5.1* 
(mm Hg) 

Venous pressure 6.7 + 1.3 7.9 + 0.7 8.4 + 0.5 11.1 + 0.4* 140.1 + 5.9% 168.5 + 9.9* 
(mm Hg) 

Lymph flow rate 0.8 + 0.2 2.03 + 0.28 2.7 + 0.2* 5.6 + 0.4* 144.5 + 21.4*+ 96.5 + 2.4* 
(ml/min) 

Heart rate 139.6 + 7.6 136.3 + 11.7 187.6 + 9.0*ł 136.8 + 4.2 475.7 + 119.1*+ 302.6 + 27*} 
(beats/min) : 

Hematocrit (%) 32.00 + 2.3 38.03 + 2.45 29.45 + 2.8 25.62 + 2.5 77.0 + 3.6* 81.9 + 6.7% 

Lymph/ plasma 0.78 + 0.01 0.57 + 0.2 0.5 + 0.04 0.36 + 0.06 112.4 + 4.4 101.9 + 5 
protein ratio 

pH 7.16 + 0.05 7.18 + 0.04 7,04 + 0.02*} 7.33 + 0.06*+ — —— 





Control is the average + SEM for the initial 30 minutes. Infusion is the average + SEM during the infusion of base or acid. 
Percent of baseline is the average + SEM (expressed as percent) for the period 5 minutes before and 5 minutes after the end of 


infusion. 
*Significantly different from control (p < 0.05). 


fSignificantly different from alternative treatment (p < 0.05). 


lality changes also were not significantly different 
throughout the experiments when compared within 
one group or between groups (p > 0.1). 

There was minimal correlation (r = 0.28) between 
pH and baseline lymph flow. 


Comment 


Fluid balance is maintained within narrow margins 
in healthy animals, and the distribution of fluid between 
the intravascular and interstitial spaces plays an im- 
portant role in avoiding major swings in intravascular 
volume during fluid ingestion. The fluid distribution 
across the capillaries depends on Starling’s equation of 
fluid distribution.’ Proteins are electrically charged 
molecules, and an important fraction of the oncotic 
pressure that they generate derives from the covalently 
bound ions (Donnan equilibrium). Theoretically, a 
change in whole-body pH can alter protein electric 
charge, thus affecting the oncotic pressure. This was 
confirmed experimentally in vitro by Will and Brace,’ 
who demonstrated that pH changes within the physi- 
ologic range can alter both plasma and interstitial on- 
cotic pressure. 

To our knowledge this is the first attempt to study 
the effect of pH changes on the whole-body lymph How 
rate. The study of this phenomenon is relevant to the 
understanding of fluid distribution in some pathologic 
states associated with acidosis or alkalosis and to a better 
understanding of the fluid distribution in cardiovas- 
cular or septic shock, the treatment of which requires 
the infusion of large amounts of fluids. It also is rele- 
vant in some physiologic states such as pregnancy, when 
there is a normal increase in the arterial pH.’ 

An important finding was the rate at which lymph 
flow started to increase after the fluid infusion. In sev- 


eral previous works of our own,®° the lymph flow rate 
started to increase an average of 12 minutes after the 
beginning of fluid infusion, a value not different from 
the values obtained here for the lactated Ringer's so- 
lution or base infusion. However, the acid infusion pro- 
duced an increase in the lymph flow rate much sooner. 
There are several possibilities to explain this finding. 
One is an alteration of capillary permeability as a sec- 
ondary effect of the infusion of acid; however, there 
were no differences in the lymph-protein ratio with 
either acid or base. Another alternative is that the acid 
produced a generalized vasodilatation, as evidenced by 
the decrease in arterial pressure,” and the area of in- 
terchange increased with the resulting increase in 
lymph flow; however, the response is too rapid to be 
attributed only to alterations in interchange area. A 
third possibility is that the acid infusion produced a 
release of hormones that could affect capillary per- 
meability or lymphatic contractility directly; we did not 
address this question in the present experimental pro- 
tocol. 

Another interesting aspect of the lymph flow re- 
sponse to solutions with varying pH levels is the dif- 
ferent quantitative response obtained. For instance, 
that the infusion of base was associated with a lower 
peak lymph flow rate and a lower total lymph flow 
response when compared with acid infusion is of in- 
terest. There are several possible explanations for the 
differences in the lymph flow response. One is that the 
lower lymph flow rate is partially due to a longer in- 
travascular retention of the fluid administered; how- 
ever, there were no differences in the degree of blood 
volume expansion with the different infusions. The 
other possibility is a water inhibition of the gel matrix, 


' which is a secondary effect of an increase in the oncotic 
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TIME (MIN) 


Fig. 1. Lymph flow rate (expressed as percent over baseline) is presented as —— for the sequence 
lactated Ringer’s solution to acid. The sequence lactated Ringer’s solution to base is represented as 
e—~. Vertical dotted lines represent the times of infusion. The sequence with acid first was associated 


with a significantly higher lymph flow (p < 0.05). 





AATEARIAL PRESSURE {X OF BASELINE) 


Fig. 2. Arterial pressure (expressed as percent over baseline) is presented as 





(MIN) 





for the sequence 


lactated Ringer's solution to acid and as e—e for lactated Ringer’s solution to base. The arterial 
response was significantly lower for acid infusion (p < 0.05). 


pressure inside the gel matrix during the bicarbonate 
infusion. This later interpretation is compatible with 
the finding of Will and Brace? of a greater increase in 
the oncotic pressure with increasing pH. We postulate 
that during the acid infusion the fluid is not incorpo- 
rated into the gel; therefore smaller changes in pres- 
sure produce larger increases in lymph flow. Another 
factor that may play a role in the responses obtained 
is the renal ligature; Harake and Power’ demonstrated 
a decrease in baseline lymph flow after the ligation of 


the renal circulation in a group of nonpregnant ewes 
in a preparation similar to this. 

The components of Starling’s equation seem not to 
be changed during the base infusion. There were no 
changes in the lymph/plasma protein concentration ra- 
tio; also there was no difference between the average 
venous pressures at the end of either base or acid in- 
fusion, suggesting that the interstitial fluid pressure 
changes were not different. It is therefore necessary to 
consider the possibility that here are factors beyond the 
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interchange at the capillary level that may affect the 
distribution of fluid in the whole animal. 

Some of the cardiovascular and lymphatic responses 
in this group of animals may be altered because of an 
acidotic condition of the animal at the beginning of the 
experiment; however, our goal in the present study was 
to observe cardiovascular and lymph flow changes after 
pH changes. We think that since the pH of most of the 
proteins is far from physiologic, the effects of base and 
acid infusions will differ because these infusions are 
affecting the proteins at different portions of the dis- 
sociation curve. : 

The present results also showed a significant lack of 
arterial pressure increase during the acid volume in- 
fusion, accompanied by a modest increase in venous 
pressure, higher than during lactated Ringer’s solution 
but lower than during base infusion. These results are 
in agreement with those changes described for acid 
infusion by Bygdeman’? in cats and by Sharpey-Schafer 
et al.™ in humans. 

In conclusion, a mild change in baseline pH pro- 
duced a significant change in the lymph and arterial 
pressure responses to fluid infusion. This study sug- 
gests that physiologic changes of pH during a state of 
cardiovascular shock may play an important role in 
third-space fluid retention and thus may have impor- 
tant therapeutic implications. Also it can have a signif- 
icant role in explaining the fluid retention of preg- 
nancy. The next step is to assess the role of pH changes 
in cardiovascular adaptations and fluid distribution of 
chronically catheterized animals with normal kidney 
function. 


We thank L. Buyak, C. W. Hewitt, and J. I. Valenzuela 
for expert technical assistance. 
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Does furosemide alter the hemodynamic response to rapid 
intravascular transfusion of the anemic fetal lamb? 


David H. Chestnut, MD, Kenneth L. Pollack, MD, Carl P. Weiner, MD, 
Jean E. Robillard, MD, Christine S. Thompson, and Craig S. DeBruyn 


Towa City, Iowa 


The purpose of this study was to define the hemodynamic response to rapid intravascular transfusion cf 
the anemic fetal lamb and to determine whether furosemide alters that response. Sixteen experiments 
were performed in nine chronically instrumented gravid ewes between 0.8 and 0.9 of timed gestation. On 
day 1 of each experiment, each fetus was subjected to hemorrhage (40 m!/kg of estimated fetal weight) 
over 1 hour. On day 2, plasma was withdrawn from the stored fetal blood until the hematocrit was 
approximately 70%, and the. packed red blood cells were returned to the fetus intravenously over 10 
minutes. Each fetus received either furosemide (2 mg/kg)or control saline solution intravenously at time 
zero and again at 5 minutes. The order of experiments was randomly determined for each animal. 
Hemorrhage resulted in a similar decrease in fetal hematocrit in the two groups. The mean + SEM fetal 
hematocrit before hemorrhage was 38 + 3% in the furosemide group (n= 8) and 36 + 2% in the control 
group (n = 8). On day 2, the mean + SEM fetal hematocrit before transfusion was 28 = 2% in the 
furosemide group and 25 + 1% in the control group. There was no significant difference between groups 
in the fetal hemodynamic response to transfusion. At the end of the transfusion, the fetal central venous 
pressure had increased from 4.9 + 0.5 to 6.2 + 0.5 mm Hg in the furosemide group (© = 0.01) and from 
3.9 + 0.2 to 5.8 + 0.3 mm Hg in the control group (p = 0.0001). Fetal mean arterial pressure increased 
from 42 + 1 to 50 + 1 mm Hg in the furosemide group (p = 0.0001) and from.40 + 1 to 46 + 1 mm Hg 
in the control group (o0 = 0.0007). Fetal heart rate decreased from 187 + 2 to 169 + 5 beats/min in the 
furosemide group (p = 0.004) and from 188 + 4 to 170 + 5 beats/min in the control group (p = 0.0008). 
Transfusion did not significantly change fetal pH in either group. At 120 minutes, the fetal Po, had 
increased from 17 + 1 to 19 + 1 mm Hg in the furosemide group (p = 0.03) and from 19 + 1 to 21 + 2 
mm Hg in the control group (p = 0.05). We conclude that rapid transfusion of the anemic fetal lamb 
resulted in modest increases in fetal central venous pressure and mean arterial pressure. Second, 
furosemide did not significantly alter the hemodynamic response to rapid transfusion. (AM J OBSTET 
GYNECOL 1989;161:1571-5.) 


Key words: Anemia, fetal lamb, furosemide, transfusion 


Direct intravascular transfusion of packed red 


blood cells has supplanted intraperitoneal transfusion hemorrhage and before transfusion 


Table I. Fetal hematocrit measurements before 








for treatment of fetal hemolytic disease in many cen- 


“ a Furosemide Control 
ters.'* The method is empiric. Some practitioners per- (n = 8) (n = 8) 
form exchange transfusi i incr : 
form exchange transfusion a avoid an abrupt increase Day 1, before hemorrhage | 38% + 3% 26% + 2% 
in fetal intravascular volume.*? In contrast, others have Day 2, before transfusion 28% + 2% 25% + 1% 





performed rapid intravascular transfusion without ex- 
change.” ° There are few data on the fetal hemody- 
namic response to intravascular transfusion. We hy- 
pothesized that furosemide might facilitate fetal ad- 


All values are expressed as mean + SEM. 


aptation to the abrupt increase in fetal intravascular 
volume by dilating the capacitance vessels.*.? The pur- 
pose of this study was to define the hemodynamic re- 
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sponse to rapid intravascular transfusion of the anemic 
fetal lamb and to determine whether furosemide alters 
that response. 


` Material and methods 


The protocol was approved by the University of lowa 
Animal Care Committee. Mixed-breed ewes were ob- 
tained from a commercial breeder at approximately 
118 days of timed gestation (term = 145 days). Each 
animal fasted for 36 hours before surgery. At 120 
days’ gestation, thiopental sodium 600 to 750 mg 
was given intravenously to induce general anesthesia. 
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Table II. Baseline maternal and fetal 
hemodynamic, blood gas, and acid-base 
measurements before transfusion on day 2 


Furosemide| Control 
(n = 8) (n = 8) 





Maternal 
‘Heart rate (beats/min) ` 10445 108+ 3 
Mean arterial pressure (mm Hg) 89+7 9126 


Arterial pH 7.48 + .01 7.47 + 01 

Arterial Po, (mm Hg) 109+5 10924 

Arterial Pco, (mm Hg) 35+1 36241 

Hematocrit (%) ` 30 + 2 30 + 2 
Fetal 

Heart rate (beats/min) 187+2 188+4 


Mean arterial pressure (mm Hg) 42 +1 40 +1 
Central venous pressure (mm Hg) 4.9 +05 3:9 + 0.2 


Arterial pH 7.32 + .01 7.29 + .03 
Arterial Po, (mm He) 171 191 
Arterial Pco; (mm Hg) 5l +1 50 +1 





Maternal and fetal arterial blood samples were obtained 
from.the maternal and fetal descending aorta, respectively. 
Blood gas and acid- base values were corrected for temper- 
ature. 


All values A as mean + SEM. 


Anesthesia was maintained with halothane 1%, nitrous 
oxide 50%, and oxygen 50%. Laparotomy and hyster- 
otcmy were performed with sterile technique, and 
catheters (polyethylene-90) were placed in the fetal 
descending aorta and inferior vena cava, via each 
femoral artery and vein, and in the amniotic cavity. 
Catheters (polyethylene-240) were then placed in the 
maternal descending aorta and inferior vena cava via 
the left mammary artery and vein, respectively. All 
catheters were tunneled subcutaneously and exterior- 
ized through a small incision in the left flank, | 

After surgery each animal was kept in an approved 
cage in a restricted area, fed a balanced diet, and al- 
lowed a recovery period 25 days before experimen- 
tation. Procaine penicillin G (500,000 U).and dihydro- 
streptomycin (625 mg, Combiotic, Pfizer, New York) 
were given to the mother before surgery and daily for 
3 days after surgery. Gentamicin (80 mg) was given t to 
the mother on the day of each experiment, and gen- 
tamicin (40 mg) was given by means of the amniotic 
catheter during surgery and on the day of each’ ex- 
periment. : 

Each experiment was done with the animal standing 
unrestrained within an approved’ transport cart. One 
hour was allowed for the -animal to acclimate to the 
laboratory environment. On day 1 of each experiment, 
each fetus was’ subjected to hemorrhage (40 ml/kg es- 
timated fetal weight) over 1 hour. The blood was with- 
drawn in four 10-minute intervals with a-constant-rate 
withdrawal pump. Fetal blood was replaced with an 
equal volume of normal saline solution. The estimated 
fetal weight was calculated according to this formula:* 
Estimated fetal weight in kg = (0.096 x gestational 
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age in days) — 9.223. After hemorrhage, the ewe was 
returned to the Animal Care Unit. Fetal blood was re- 
frigerated overnight in citrate phosphate dextrose ad- 
enine (CPDA-1) anticoagulant. 
On day 2, the animal returned to the laboratory and 
again was allowed 1 hour to acclimate to the laboratory 
environment. The stored fetal blood was warmed to 
room temperature, and plasma was withdrawn until the 
hematocrit was approximately 70%. At time zero the 
packed red blood cells (approximately 20 ml/kg) were 
returned to the fetus intravenously over 10 minutes. 
Each fetus received either 2 mg/kg of furosemide 
(Elkins-Sinn, Cherry Hill, N.J.) or control saline solu- 
tion intravenously, at time zero and again at 5 minutes. 


-(This furosemide regimen is identical to the regimen 


used for transfusion of human fetuses in our hospital.) 
The volume of furosemide or control saline solution 
was approximately 0.5 ml for each fetus. Maternal and 
fetal hemodynamic ‘measurements were continued 
through 120 minutes after the start of transfusion. 

Each animal was allowed to rest =24 hours before 
the experimental sequence was repeated. The order of 
experiments was determined randomly for each ani- 
mal. We intended to perform both experiments in each 
animal. However, catheter occlusion precluded the per- 
formance of a second experiment in two of the animals. 
Therefore, 16 experiments were performed in nine 
animals. (Both experiments were performed in seven 
animals, and one experiment was perforrned in each 
of the other two animals.) 

- Maternal and fetal arterial hematocrit, blood gas, and 
acid-base values were determined at baseline and at 15, 
60,.and 120 minutes after the start of transfusion. 
Blood gas and acid-base values were determined with 
a Instrumentation Laboratory 1302 blood gas analyzer 
(Leighton, Mass.). All values were corrected for tem- 
perature. Fetal blood was replaced by an equal volume 
of normal saline solution. 

` Maternal and fetal systemic arterial pressures and 
amniotic fluid pressure were recorded at 10° sec- 
ond ‘intervals by means of a customized physiologic 
data acquisition system (Coulbourn Instruments, 
Lehigh Valley, Pa.) interfaced to an AST 286 pre- 
mium computer (Irvine, Calif.). Fetal arterial and cen- 
tral venous pressures were cor rected by subtracting the 
simultaneous intraamniotic pressure. Maternal and fe- 
tal mean arterial pressures were calculated ‘arithmeti- 
cally. Maternal and fetal heart rates were calculated 
from maternal and _fetal arterial waveforms, 

Statistical ` analysis was by three- -factor analysis of 
variance, followed by ¢ tests for individual mea- 
surements. A p value <0.05` was ċonsidered signif- 
icant. 


i Results 


On day l, estimated fetal weight y was 2.78 + 0.09 kg 
in the furosemide group and 2.77 + 0.05 kg in the 
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Fig. 1. A, Fetal central venous presure (CVP) responses over time. Transfusion significantly increased 
fetal central venous pressure at 8 and 10 minutes in the furosemide group and at each measurement 
between 6 and 20 minutes in the control group. B, Fetal mean arterial pressure (MAP) responses 
over time. Transfusion significantly increased fetal mean arterial pressure at each measurement 
between 4 and 120 minutes in the furosemide group and at each measurement between 6 and 120 
rhinutes in the control group. C, Fetal heart rate (HR) responses over time. Transfusion significantly 
decreased fetal heart rate at each measurement between 4 and 10 minutes in the furosemide group 
and at each measurement between 4 and 20 minutes in the control group. Furosemide (2 mg/kg) 
or control saline solution was given at time zero and again at 5 minutes. Transfusion started at time 
zero and was campleted at 10 minutes. All values are expressed as mean + SEM. 


control group. Hemorrhage resulted in a similar de- 
crease in fetal hematocrit in the two groups (Table I). 
The two treatment groups were similar with regard to 
baselirié maternal and fetal hemodynamic, blood gas, 
and acid-base measurements before transfusion on day 
2 (Table II). 

There was no significant difference between groups 
in the fetal hemodynamic response to transfusion (Fig. 
1). There was a transient decrease in fetal central ve- 
nous pressure between baseline and 2 minutes in the 
furosemide group, but the decrease was not statistically 
significant (Fig. 1, A). At 10 minutes, fetal central ve- 
nous pressure had increased from 4, 9 + 0.5 to 6.2 + 
0.5 mm: Hg in the furosemide group (p = 0.01) and 
from 3.9 Æ 0.2 to 5.8 + 0.3 mm Hg in the control 
group (p = 0.0001). Fetal mean arterial pressure in- 
creased from 42 + 1 to 50 + 1 mm Hg in the furo- 
semide group (p = 0.0001) and from 40 + | to 46+ 1 
mm Hg in the control group (p = 0.0007) (Fig. 1, B). 
At 10 minutes, fetal heart rate had decreased from 
187 + 2to 169 + 5 beats/min in the furosemide group 


(p = 0.004) and from 188 + 4 to 170 + 5 beats/min 
in the control group (p = 0.0008) (Fig. 1, C). 

There was no significant difference between gioups 
in the fetal arterial hematocrit, pH, or Po, responses 
to transfusion (Fig. 2). Specifically, transfusion signif- 
icantly increased the fetal hematocrit at 15, 60, and 120 
minutes in both groups (p = 0.0001) (Fig. 2, A). Trans- 
fusion did not significantly change fetal pH in either 
group (Fig. 2, B). At 120 minutes, fetal PO, had in- 
creased from 17 + 1 to 19+ 1 mm Hg in the furo- 
semide group (p = 0. 03) and from 19 + 1 to 21 + 9 
mm Hg in the control group (p = 0.05) (Fig. 2, C). 
Finally, there was a small but significant decrease in 
Pco, at 15 minutes (p = 0.01) and at 60 minutes (p = 
0.005) in the furosemide group, but not in the control 
group (Mg. 2, D). 


Comment l 

Blood volume rapidly returns toward nortnal after 
hemorrhage in fetal lambs.** Brace and Cheung" sub- 
jected 12 fetal lambs to hemorrhage (31 + 2% of the 
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Fig. 2. A, Fetal hematocrit responses over time. Transfusion significantly increased fetal hematocrit 
at 15, 60, and 120 minutes in both groups (p = 0.0001). B, Fetal pH responses over time. Transfusion 
did not significantly change fetal pH in either group. C, Fetal Po, responses over time. Transfusion 
increased fetal PO, at 60 minutes (p = 0.02) and at 120 minutes (p = 0.03) in the furosemide group 
and at 120 minutes (p = 0.05) in the control group. D, Fetal PCO, responses over time. There was 
a small but significant decrease in Pco, at 15 minutes (p = 0.01) and at 60 minutes (p = 0.005) in 
the furosemide group, but not in the control group. Furosemide (2 mg/kg) or control saline solution 
was given at time zero and again at 5 minutes. Transfusion started at time zero and was completed 


at 10 minutes. All values are expressed as mean + SEM. 


initial blood volume over 2 hours). At the end of hem- 
orrhage blood volume was reduced by only 14 + 1% 
Further, blood volume returned to normal by 3 hours 
after hemorrhage, and was increased 5 + 2% above 
control at 24 hours after hemorrhage. The authors 
noted that “the restitution of blood volume occurred 
primarily because of a movement of fluid into the fetal 
circulation as indicated by a reduction in hematocrit.” '® 
In the present study, transfusion occurred approxi- 
mately 18 hours after hemorrhage. Thus we presume 
that the fetal lambs were nearly normovolemic at the 
time of transfusion. 

‘In the present study, rapid transfusion of approxi- 
mately 20 ml/kg of packed red blood cells resulted :n 
only modest increases in fetal central venous and ar- 
terial pressures. In addition, there was a decrease :n 
fetal heart rate of approximately 18 beats/min, and an 
increase in fetal Po, of approximately 2mm Hg. Brace! 
observed similar changes after intravascular transf- 
sion of approximately 29 ml/kg of packed red bloed 


cells over 30 minutes in anemic fetal lambs. Both Brace 
and we have speculated that the decreased fetal heart 
rate resulted from activation of the baroreceptors. 
The increased fetal Po, may have resulted from in- 
creased umbilical blood flow after transfusion. (This is 
consistent with the observation that transfusion of ane- 
mic human fetuses causes an acute decline of the um- 
bilical artery systolic/diastolic ratio.® The increased di- 
astolic flow velocity may reflect increased umbilical 
blood flow.) 

Heretofore, one of us (C. P. W.) has consistently given 
furosemide (2 mg/kg estimated fetal weight) before 
and again during direct intravascular transfusion of 
anemic human fetuses. This rationale was on the basis 
of the observation that in adults, intravenous admin- 
istration of furosemide rapidly increases venous ca- 
pacitance and decreases cardiac filling pressures.” We 
speculated that furosemide might facilitate fetal ad- 
aptation to the abrupt increase in intravascular volume, 
first by dilating the fetal capacitance vessels, and later 
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by decreasing plasma volume by means of a diuresis. 
But in this study, furosemide did not significantly alter 
the hemodynamic response to rapid transfusion of the 
anemic fetal lamb. The hemodynamic changes were 
modest, with or without furosemide. We suggest three 
potential reasons for the absence of a difference be- 
tween groups in the hemodynamic response to trans- 
fusion. First, it is possible that furosemide does not 
significantly dilate the capacitance vessels of fetal lambs. 
We did not study the hemodynamic effects of furose- 
mide alone. But Lumbers and Stevens”? noted that fu- 
rosemide (2 mg/kg) significantly increased fetal dia- 
stolic arterial pressure when it was given to hypotensive 
fetal lambs. They did not evaluate the effect of furo- 
semide on venous capacitance. Second, there are con- 
flicting data with regard to the effect of furosemide on 
the urine output of fetal lambs.'®* But third and 
most important, blood volume quickly returns to- 
ward normal after volume loading in fetal lambs.“ 
Brace" noted that transfusion of anemic fetal lambs 
increased fetal blood volume by only 50% of the trans- 
fused volume because of a loss of plasma from the 
circulation. 

One should be cautious before extrapolating results 
of any animal study to clinical practice. In addition, we 
note that the fetal lambs in this study were presumed 
to be healthy and nonhydropic. They had significant, 
but not severe, anemia.” *'* Further, on day 1 of each 
experiment, fetal blood was replaced with normal saline 
solution. We did not determine fetal plasma protein 
concentrations, and we do not know whether hypo- 
proteinemia occurred. (There is evidence that hypo- 
proteinemia is an important factor in the pathophysi- 
ology of fetal hydrops.'*'”) Nonetheless, results of this 
study are consistent with observations made during 
transfusion of anemic human fetuses. Weiner et al? 
observed that rapid intravascular transfusion of ap- 
proximately 90 ml of packed red blood cells to non- 
hydropic anemic human fetuses increased umbilical ve- 
nous pressure (corrected for amniotic fluid pressure) 
from 6.7 + 1 to 10.9 + 1 mm Hg. Nicolaides et al. 
transfused 5 to 150 ml of packed red blood cells to 
anemic human fetuses at a rate as high as 15 ml/min 
without obvious evidence of fetal cardiovascular com- 
promise. Nonetheless, Berkowitz et al.” argued that ex- 
change, rather than direct, intravascular transfusion 
may be indicated in selected cases. 

We conclude that rapid transfusion of the anemic 
fetal lamb resulted in modest increases in fetal central 
venous pressure and mean arterial pressure. Second, 
furosemide did not significantly alter the hemodynamic 
response to rapid transfusion. 
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Intrauterine growth retardation and the circulatory TESPONBES to 


acute hypoxemia in fetal sheep 
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Chicago, Illinois, and Ithaca, New York 


Intrauterine growth retardation has been produced experimentally by umbilical placental embolization for 9 
day's (early intrauterine growth retardation) in pregnant sheep. Fetuses with early intrauterine growth 
retardation had a 20% decrease in mean body weight and 33% decrease in placental blood flow. 
However, the regional blood flow distribution was not significantly different at rest between the embolized 
and normally grown fetuses despite the 39% decrease in fetal arterial oxygen content. The purpose of this 
study was to determine the circulatory responses to acute hypoxemic stress in the early development of 
intrauterine growth retardation. We found that the regional b ood flow distribution was not significantly 
different during imposed acute hypoxemia between the seven fetuses with early intrauterine growth 
retardation and seven nonembolized normaily grown fetuses. We conclude that growth-retarded fetuses 
are able to meet basal metabolic oxygen requirements and to respond normally to imposed acute 
hypoxemia until the placental circulatory reserve capacity is depleted. (AM J OBSTET GYNECOL 


1989;161:1576-9.) 


Key words: Pregnancy, obstetrics, hypoxia, microspkeres 


Fetuses with intrauterine growth retardation (IUGR) 
tolerate the acute stress of labor poorly because of mal- 
nutrition and chronic hypoxemia.' Ethical constraints 
prevent studies of growth retardation or imposed hy- 
poxemia in human fetuses; however, corresponding 
studies have been performed with experimental ani- 
mals. Creasy et al.? embolized the maternal uteropla- 
cental vascular bed for 2] to 28 days in sheep and 
reduced mean fetal body weight by 30% (late IUGR) 
and total placental blood flow by 53% in embolized 
fetuses, compared with nonembolized normally grown 
fetuses. They found that fetuses with late IUGR, at rest, 
had a redistribution of the circulation that provided 
preferential perfusion to the vital organs. This blood 
flow distribution was similar to the distribution seen in 
normally grown fetuses in response to acute hypox- 
emia,’ with the exception that the proportion of com- 
bined ventricular output perfusing the placenta was 
decreased in fetuses with late IUGR at rest.” In response 
to imposed acute hypoxemia fetuses with late IUGR 
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developed a more pronounced blood flow response to 
all vital organs except the placenta.‘ 

Fetal umbilical placental embolization for a period of 
9 days has previously been shown to reduce fetal weight 
by 20% (early IUGR) and to reduce total placental 
blood flow by 33%.° In contrast to fetuses with late 
IUGR, fetuses with early IUGR had a regional blood 
flow distribution at rest that was similar to that of non- 
embolized normally grown fetuses, despite the 39% 
decrease in fetal arterial oxygen content. Growth- 
retarded fetuses adapted to chronic oxygen deficiency 
by decreasing growth rate and thereby decreasing oxy- 
gen requirement. Thus a 33% reduction in total pla- 
cental blood flow restricted normal fetal growth, but 
did not exceed the placental circulatory reserve capacity 
necessary to maintain basal metabolic oxygenation. The 
purpose of this study was to determine the circulatory 
responses to acute hypoxemic stress during the early 
development of fetal growth retardation. 


Material and methods 


Mixed-breed Rambouillet-Columbia pregnant ewes 
of known gestational ages were used in this study. Sur- 
gery was conducted with the ewes under halothane gen- 
eral anesthesia after 2 24-hour fast. The maternal ab- 
domen was prepared according to aseptic technique 
and the uterus was exposed through a midline abdom- 
inal incision. A pelvic limb of the fetus was exteriorized 
and polyvinyl catheters were advanced into the de- 
scending fetal aorta via the femoral artery, into the 
inferior vena cava via the femoral vein, and through a 
separate incision, the ascending aorta via the fetal ca- 
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rotid artery and the superior vena cava via the jugular 
vein. A polyvinyl amniotic fluid catheter was placed and 
the unterine incision was closed. Vinyl-insulated mul- 
tistranded wire electrodes (Cooner Wire Co., Chats- 
worth, Calif.) were sewn into the uterus at two separate 
sites and the abdominal incision was closed. All cath- 
eters and the electrodes were exteriorized through the 
flank of the ewe. The maternal neck was prepared ac- 
cording to aseptic technique and polyvinyl catheters 
were placed in the carotid artery, jugular vein, and 
trachea.® Antibiotics were given to both ewe and fetus 
intravenously postoperatively for 4 days. The ewe re- 
ceived 250 mg ampicillin and 900 mg chloramphenicol 
intravenously twice daily. The fetus received 50 mg 
chloramphenicol intravenously and intraamniotically 
twice daily. 

The fetal umbilical placental circulation was embo- 
lized by the general procedure previously described.’ 
Briefly, on the sixth day after surgery, the fetuses were 
assigned to either the control or the embolized group. 
In the embolized group fetuses were injected over a 3- 
minute period into the descending aorta with carbon- 
ized latex 15 pm microspheres (8 to 16 million) in dex- 
tran that were suspended with sterile saline solution, 
q.s. to 5 ml, once or twice daily. The goal was to maintain 
an oxygen tension 5 to 7 mm Hg below control values 
in that fetus on the 2 days before embolization began. 
In the control group. fetuses were injected over a 3- 
minute period into the descending aorta with a similar 
volume of dextran, q.s. to 5 ml in sterile saline solution 
twice daily. 

Blood gases and pH were measured with an auto- 
mated analyzer (ALB2, Radiometer, Copenhagen, 
Denmark) and corrected to a temperature of 39° C. 
Blood pressure and amniotic fluid pressure were de- 
termined with strain-gauge transducers (P23Db, Sta- 
tham/Gould, Oxnard, Calif.) and recorded continu- 
ously on a polygraph (Dynograph R611, Beckman, Ful- 
lerton, Calif.). The percent of oxygen saturation of 
hemoglobin was measured with a hemoximeter (OSM2, 
Radiometer, Copenhagen). Arterial oxygen content 
was calculated as follows: O, content (ml/dl) = 1.34 
(ml/gm Hgb) x ‘Hgb] (gm/dl) x Hgb O; saturation, 


where O; represents oxygen and Hgb represents he- . 


moglobin, 

Fetal arterial blood pressure was corrected by sub- 
tracting amniotic fluid pressure. Fetal heart rate was 
derived from the arterial pressure pulse by a cardi- 
otachometer (9857B input coupler, Beckman, Fuller- 
ton, Calif.). Uterine electromyographic activity was 
displayed continuously. Fetal combined ventricular 
output and regional blood flow distribution were mea- 
sured with 15 um radionuclide-labeled microspheres 
(New England Nuclear, Boston) while the uterus was 
quiescent by methods previously described.’ 

The experimental protocol began after 5 days of re- 
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covery and 9 days of embolization. The protocol in- 
cluded 30 minutes of baseline recordings; then the first 
carotid arterial blood gas, pH, and regional blood flow 


. determinations were performed. While the recordings 


continued 6 L/min of nitrogen was infused into the 
maternal trachea for 20 minutes and the second blood 
gas, pH, and regional blood flow determinations were 
performed. At the end of the experiment the ewe was 
killed and the uterus and its contents were removed, 
dissected, and weighed. The placental blood flow was 
calculated as the sum of the individual cotyledon and 
noncotyledonary membrane blood flows. The tissues 
were then carbonized and counted with an automated 
‘y-counter and multiple-channel pulse height analyzer ` 
(Gamma Trac 2250, T.M. Analytic, Elk Grove Vil- 
lage, II). 

A-two-factor analysis of variance for repeated mea- 
sures and the Newman-Keuls test” were used to com- 
pare the mean values in the basal and hypoxemia pe- 
riods for embolized and nonembolized normally grown 
(control) fetuses. The mean values for gestational age, 
birth weight, and total placental blood flow in the em- 
bolized and nonembolized normally grown fetuses were 
compared with the two-sample Student t test.® The level 
of significance chosen was p < 0,05. The values are ex- 
pressed as the mean + 1 SD. 


Results 


There were 12 singleton and two twin gestations 
(one in each group) included in this study. The ges- 
tational ages at the conclusion of the study were similar 
(128 + 3and 130 + 4 days) in the seven embolized and 
seven control fetuses, respectively. Fetal umbilical pla- 
cental embolization reduced the mean fetal body weight 
of the embolized fetuses 20% (2.99 + 0.25 vs. 3.73 + 
0.58 kg, p < 0.05) and the total placental blood flow 
31% (421 + 82 vs. 606 + 160 ml/min, p < 0.05) in the 
embolized fetuses compared with nonembolized nor- 
mally grown fetuses. The brain-to-thymus weight ratio 
also was significantly increased in embolized fetuses 
(6.4 + 2.2 vs. 3.3 + 1.5, p < 0.05). Surprisingly, nei- 
ther the fetal crown-rump length (46.2 + 6.9 vs. 
45.5 + 3.7 cm) nor the brain-to-liver weight ratio 
(0.42 + 0.09 vs. 0.43 + 0.08} was significantly differ- 
ent in the embolized fetuses compared with the 
nonembolized normally grown fetuses. 

The fetal arterial blood gas, pH, hemoglobin, heart 
rate, and arterial blood pressure values in the basal and 
hypoxemia study periods for the embolized and non- 
embolized normally grown fetuses are listed in Table 
I. Both the mean arterial oxygen tension and oxygen 
content were reduced significantly in the basal period 
in the embolized fetuses, and the oxygen content in 
both groups was reduced by approximately 50% during 
induced hypoxemia. The mean fetal arterial pH, he- 
moglobin, and carbon dioxide tension remained within 
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Table I. Fetal mean carotid arterial blood gases, pH, hemoglobin, blood pressure, and heart rate in 
control and embolized fetuses before basal and induced acute hypoxemia blood flow studies ` 








Oxygen tension (mm Hg) 25.8 + 2.2 
Oxygen content (mg/dl) 11.0 + 2.6 
Carbon dioxide tension (mm Hg) 50.9 + 6.3 


pH 7.33 + 0.05 


Hemoglobin (gm/dl) 10.7 + 1.5 
Mean arterial blood pressure (mm Hg) 5249 
Heart rate (beats/min) 159 + 13 





Values expressed as mean + | SD. 
*» < 0.01, hypoxemia versus basal. 
tp < 0.01, embolized versus control. 


Control (n = 7) 














Embolized (n = 7) 


19.9 + L.8t 12.1 + 1.5* 
5.1 + 1.0* 6.8 + 1.27 3.6 + 0.6* 
47.9 + 3.6 53.7 + 3.1 49.4 + 2.9 
7.34 + 0.05 7.33 + 0.06 7.33 + 0.03 ` 
11.3 + 1.2 10.6 + 1.8 114+ 2.1 
50+ 8 48 +6 48+7 
144 + 18* 163 + 11 144 + 20* 


Table II. Fetal combined ventricular output and its distribution in control and embolized fetuses during 


basal and induced acute hypoxemia periods 














Control (n = 7) 














Combined ventricular output (ml/min/kg) 564 + 103 
Placental blood flow (ml/min/kg) 175 + 37 
Distribution of cardiac output (%) 
Adrenal gland 0.05 + 0.01 
Brain 2.7 + 0.9 
Carcass 43.1 + 5.9 
Heart 2.0 + 1.0 
Kidney 1.6 + 0.4 
Placenta 314+ 6.1 
Spleen 2.2 + 0.7 
Organ blood flow (mg/min/100 gm) 
Adrenal gland 257 + 6 
Brain 161 + > 
Carcass 37 + 8 
Heart 219 + 72 
Kidney 126 + 40 
Spleen 897 + 125 





Embolized (n = 7) 


Hypoxemia 
594 + 151 482 + 109 579 + 130 
212 + 70 147 + 16 192 + 66 
0.20 + 0.13* 0.10 + 0.04 0.26 + 0.12* 
4.9 t 2.1* 84+ LI 4.9 + 1.6* 
40.7 + 8.8 46.7 + 5.8 45.0 + 5.1 
6.6 + 4.2* 2.6 + 1.6 6.5 + 3.4* 
1.8 + 0.4 2.1 + 0.6 2.4 + 0.9 
35.5 + 6.2* 31.5 £ 5.7 33.2 + 9.5 
15 + 1.0* 25 + 2.4 1.4 + 1.3% 
. 1026 + 488* 385 + 170 1116 + 485* 
260 + 65* 188 + 65 259 + 63* 
34.1 + 9.7 37.8 + 9.1 36.6 + 5.2 
649 + 363* 248 + 43 643 + 215* 
145 + 40 143 + 55 200 + 55 
267 + 100* 520 + 357 406 + 33* 





Values expressed as mean + 1 SD. Comparisons of embolized versus control means were not significant (p = 0.05). 


*p < 0.05, hypoxemia versus basal. 


the normal range in both groups during induced hy- 
poxemia. There was no significant difference in arterial 
blood pressure between the two groups in the basal or 
hypoxemia study periods. In addition, there was no 
significant difference in the bradycardiac fetal heart 
rate response between the embolized and nonembol- 
ized normally grown fetuses in response to acute hy- 
poxemia. 

The fetal combined ventricular output and regional 
blood flow distribution for the embolized and nonem- 
bolized normally grown fetuses are listed in Table IT. 
In the basal study period the combined ventricular out- 
put and individual organ blood flow values were not 
significantly different, when calculated on either a 
weight-specific or percentage of combined ventricular 


output basis, between the embolized and nonembolized 
normally grown fetuses. In response to acute imposed 
hypoxemia, the combined ventricular output and blood 
flow to the placenta, on a weight-specific basis, were 
not significantly different between the embolized and 
nonembolized normally grown fetuses. Both the ab- 
solute blood flow and zhe proportion of combined ven- 
tricular output perfusing the adrenal gland, brain, and 
heart increased significantly in both groups in response 
to acute imposed hypoxemia. 


Comment 

Clearly, the ability to maintain normal growth and 
respond to adverse intrauterine conditions is related to 
the fetus’ ability to adequately perfuse the placenta. 
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Fetal umbilical placental embolization decreased total 
placental blood flow and arterial oxygen content and 
produced a 20% reduction in fetal growth. At rest the 
regional blood flow distribution in fetuses with early 
IUGR was similar to the distribution in nonembolized 
normally grown fetuses. Thus the fetus with early 
IUGR with subnormal growth was able to meet basal 
metabolic oxygen requirements despite the 39% de- 
crease in arterial oxygen content. In response to acute 
hypoxemia, the regional blood flow distribution in the 
fetus with early IUGR was not significantly different 
from the normally grown fetus. These findings suggest 
that the placental circulatory reserve capacity was ad- 
equate to maintain basal metabolic oxygenation in fe- 
tuses with early IUGR both at rest and in response to 
acute hypoxemia. 

The regional blood flow response to acute hypoxemia 
in the nonembolized normally grown fetuses, charac- 
terized by preferential perfusion to the vital organs, is 
similar to the blood flow response previously reported.* 
In addition, the fetal arterial oxygen tension, oxygen 
content, blood pressure, and heart rate values for the 
nonembolized normally grown fetuses were similar to 
the values previously reported.* * The niethod of fetal 
umbilical-placental embolization was different from the 
method of maternal uteroplacental embolization. The 
explanation for choosing fetal embolization has been 
discussed in detail.’ Briefly, we produced a significant 
degree of fetal hypoxemia by modification of a tech- 
nique to increase placental vascular resistance and pto- 
duce primary fetal placental vascular compromise de- 
scribed by Trudinger et al.? 

To miriimize concerns about natural growth retar- 
dation in twins, only. the use of singleton gestations was 
planned. However, two. ewes were noted at surgery to 
have twirl gestations and they were assigned to different 
groups. Because the subsequent weight of the control 
and embolized twin fetuses at necropsy were similar 
(110% and 94%, respectively) to the mean weight of 
others in their group, oe were not excluded from the 
study. 

We have demonstrated that fetuses have a consid- 
érable capacity to adapt to chronic oxygen deficiency 
produced by decreased placental blood flow by de- 
creasing growth rate and thereby. decreasing oxygen 
requirement. The effects of chronic hypoxemia alone, 
produced without reduction. in placental blood flow, 
have been previously reported. Kitanaka et al.’° have 
shown that the fetus adapts to chronic hypoxemia pro- 
duced by low oxygen infusion in a norinobaric chamber 
for 21 to 28 days by maintaining fetal arterial oxygen 
content without reducing fetal weight. The effect of 
imposed acute hypoxemia on chronically hypoxemic 
normally grown fetuses has not previously been re- 
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ported. However, the response to imposed acute hy- 
poxemia in growth-retarded fetuses has previously 
been reported.’ Maternal uteroplacental embolization 
for 21 to 28 days produced a 30% reduction in mean 
fetal body weight. These fetuses with late IUGR, in 
contrast to fetuses with early IUGR, have a distribution 
of combined ventricular output at rest similar to nor- 
mally grown fetuses in response to acute hypoxyemia. 
In response to acute imiposed hypoxemia, fetuses with 
late IUGR had a more pronounced blood flow response 
to all vital organs that normally grown fetuses, with the 
exception that the proportion of combined ventricular 
output perfusing the placenta did not change signifi- 
cantly in fetuses with late IUGR. These findings suggest 
that the 53% decrease in total placental blood flow ex- 
ceeded the placental circulatory reserve capacity. 

We conclude that the growth-retarded fetus adapts 
to chronic oxygen deficiency by decreasing growth rate 
and thereby. decreasing oxygen requirement. The 
growth-retarded fetus is thus able to meet basal met- 
abolic oxygen requirements arid to respond normally 
to imposed acute hypoxemia until the placental circu- 
latory reserve capacity is depleted. 


We thank Tami Myers arid Vivian Surman for their 
technical assistance. 
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Prostaglandin E; metabolism in. the human fetal membranes 


Paul Y. C. Cheung, BSc, and John R. G. Challis, PhD, DSc 


Loni Ontario, Canada 


Prostaglandins play a pivotal role i in the initiation and maintenance of labor, but the sources s that 
contribute to the production of primary prostaglandins (prostaglandin Ez and prostaglandin F,,) remain 
controversial. In decidua, prostaglandin F,, may be formed de novo or from prostaglandin E, through 
9-ketoredúctase activity, although it has been suggested- that metabolism to 

13,14-dihydro-15- -ketoprostaglandin E, through 15- -hydroxyprostaglandin dehydrogenase i is dominant. To 
examine this possibility, and to determine changes with labor, we examined interconversions of 
prostaglandin E, to prostaglandin Fz 13,14-dihydro-15+ ketoprostaglandin E, and 

13, 14-dihydro-15-ketoprostaglandin Fz, by. dispersed cells of decidua, chorion, and amnion obtained from 
patients at term elective cesarean section or after spontaneous labor. Incubations were performed with 
increasing concentrations (1 to 100 ng/ml) of prostaglandin E, for 2 and 4 hours, and products were 
measured by radioimmunoassay. The 13, 14-dihydro- 15- -ketoprostaglandin E, was measured as ` 

11- -deoxy-13, 14- -dihydro-15- ~keto-1 18,1 6y- cycloprostaglandin E,. Basal output of prostaglandin E, increased — 
between cesarean section and spontaneous labor from 190.6 + 109 pg/10° cellis (+ SE) to 605.2 + 346.8 
in amnion; nondetectable to 24.5 + 11.2 in chorion, and 18 + 16 to 69 + 25.8 in decidua: For both 
cesarean ‘section and spontaneous labor patients there was very little conversion of prostaglandin E, by 
the amnion, substantial conversion to 13,14-dihydro-15-ketoprostaglandin E, by the chorion, and some 
conversion to 13,14- -dihydro-15- ketoprostagalandin E, by the decidua. Percentage conversions did not 
change with labor. Prostaglandin Fa, was formed by all tissues but only i in trace amounts. All tissues from 
one cesarean section patient showed substantial conversion of prostaglandin E; to prostaglandin Fog, Dut 
very little 13,14-dihydro-15- ketoprostaglandin Ez or 13,14- -dihydro- -15- -ketoprostaglandin F,, formation, 
indicating either a decrease or deficiency in the 15-hydroxyprostaglandin dehydrogenase activity. We 
conclude that conversion of exogenous prostaglandin E; to prostaglandin Fz, can occur in intrauterine 
tissuas, but this does not normally contribute significantly to the prostaglandin F,, output by the human 
decidua and fetal membranes. (Am J Osstet Gyneco: 1989;161:1580-5.) 


Key words: Prostaglandin, fetal membranes, labor, metabolism 


Prostaglandins (PGs) are involved in the. initiation 
and maintenance of labor. ? Any tissues capable of syn- 
thesizing or metabolizing primary PGs (PGE, and 
PGF,,) in utero would ultimately affect the concentra- 
tions of these PGs reaching the myometrium, the pre- 
sumed site of PG action.** Because of their anatomical 
location, the human fetal membranes are e highly suited 
for this purpose. 

PGE, .can be ‘acted on by two .enzymes, l 15- 
hydroxyprostaglandin dehydrogenase (PGDH), lead- 
ing to formation of -15-keto-PGE, and then to 13,14- 
dihydro-15- -keto-PGE, (PGEM) or 9-ketoreductase to 
form PGF, PGF». can then be metabolized by PGDH 
to 15-keto-PGF., and then to Ped deny dro obo ket 
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PGF,, (PGFM). PGDH activity has been demonstrated 
in all three tissues of the human fetal membranes with 
the. order of activity as.chorion > decidua > amnion. 
Although 9-ketoreductase has been characterized ex- 
tensively in the decidua,*” it has not been investigated 
to the same.extent in the amnion-or chorion. Most of 
these studies have used homogenate or cytosolic prep- 
arations to study the characteristics of these enzymes. 
It has been suggested that inasmuch as the specific ac- 
tivity. of PGDH is higher than the specific activity of 
9-ketoreductase in decidual cytosolic fractions, PGE, 
would be preferentially metabolized to PGEM rather 
than to PGE.” - 

We have extended these studies to investigate the 
relative formation of PGEM, PGFM, and PGF,, from 
exogenous PGE, by dispersed-cell preparations of sep- 
arated human fetal membranes in vitro. We deter- 
mined the potential for PGF», formation from PGE, by 
the amnion, chorion, and decidua, and examined 
whether this was altered with spontaneous labor. 


Material and methods 


Preparation of tissues. Human fetal membranes with 
attached decidua and placenta were obtained from 
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Fig. 1. Net basal output of PGE», PGF PGEM, and PGFM by dispersed cells from amnion, chorion, 
and decidua obtained at term cesarean section (C3) or spontaneous delivery (m). Values are mean + 
SE for five patients at cesarean section and six patients at spontaneous delivery. (#, Nondetectable.) 


Table I. Mean recovery of added PGE, 














Amount of PGE; 


Tissue added (ng/ml) 


Cesarean section (n = 5) 


Amnion 1 
l 10 
Chorion 1 
' 10 
Decidua I 
à 10 
Spontaneous labor (2 = 6) ok 
Amnion 1 
10 
Chorion l 
T 10 
Decidua 1 
10 


PGE; 
(% remaining) 







% Converted 





Total 
(mean + SE) 





2.2 0.7 0.5 40.4 + 2.8 
0.8 ND 0.1 32.5 + 4.5 
0.2 1.9 67.8 96.3 + 21.6 
0.6 1.0 75.2 98.7 + 27.6 
0.3 ND 8.4 42.4 + 8.0 
0.6 0.1 5.9 29.1 + 5.8 
0.6 0.4 2.6 42.7 + 15.6 
0.3 0.1 0.9 48.5 + 15.5 
0:3 2.8 100.3 135.7 + 31.5 
0.2 1.3 78.5 114.1 + 25.4 
0.4 1.0 9.3 54.4 + 12.1 
0.3 0.2 2.6 47.6 £ 16.7 














ND, Nondetectable. 


women at term undergoing elective cesarean section 
(n = 6) or at spontaneous delivery (n = 6). Tissues 
were collected immediately after delivery in Dulbecco’s 
phosphate buffered saline solution (pH 7.4). The am- 
nion was separated manually from the choriodecidua. 
The tissues were then washed several times with Dul- 
becco’s phosphate buffered saline solution to remove 
clotted blood. The chorion and decidua were then 
gently separated with fine forceps. 

‘Cell dispersal. Cells were prepared with collagenase 
digestion as described by Skinner et al. The rinsed 
tissues were cut into pieces (1 cm’) and placed in sep- 
arate 250 ml Erlenmeyer flasks. Freshly prepared col- 
lagenase (0.1%, Type I, Sigma Chemical Co., St. Louis, 
Mo.) and trypsin inhibitor (0.05%, Type I-S, Sigma 
Chemical Co.) in Dulbecco’s phosphate buffered saline 
solution (30 ml) were added to each flask, and the flasks 
were tightly stoppered. The tissues were incubated for 


approximately l hour at 37° C in a shaking water bath 
with vigorous shaking every 15 to 25 minutes. 
When the suspensions appeared uniform, cells were 
collected by centrifugation at,125 g for 19 minutes. The 
cells were then washed twice with Dulbecco’s phosphate 
buffered saline solution with centrifugation at 125 g 
for 10’ minutes and resuspended in 20 ml of Eagle’s 
minimum essential medium (pH 7.4 with glutamine, 
without sodium bicarbonate) (Flow Laboratories; Mis- 
sissauga, Ontario, Canada). Cell viability. was assessed 
by exclusion of trypan blue dye. An aliquot (10 pl) of 
the cell suspension was added to Hematall isotonic dil- 
uent (10 ml), treated with 0.3% potassium cyanide 
(Hematall LA-Hgb reagent, Fisher Diagnostics, Union- 
ville, Ontario, Canada), and the cells were counted with 
a Coulter counter. The cell suspension was then diluted 
so that the concentration of viable cells was 4 x 10° per 
milliliter of Eagle's minimum essential medium. 
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Fig. 2. Output of PGF,,,; PGFM, and PGEM in presence of A, 
PGE, | ng/ml; B, PGE, 10 ng/ml; C, PGE», 100 ng/ml by 
amnion, chorion, and decidual cell preparations. Values are 
mean + SE for five patients at term elective cesarean section 
(©) and six patients at spontaneous delivery (mm), (#; Non- 
detectable.) 


_ Experimental protocol, Cell suspensions (0.5 ml) 
were added to polystyrene culture tubes (12 x 75 mm, 
Canlab, Toronto, Ontario, Canada). PGE, or vehicle 
control was added in 0.5 ml Eagle’s minimum essential 
medium to the respective culture tubes so that the final 
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Fig. 3. Output of PGF.,, PGFM, and PGEM in presence of A, 
PGE,, Í ng/ml; B, PGE», 10 ng/ml; C, PGE,, 100 ng/ml by 
amnion, chorion, and decidual ‘cell preparations from one 
patient at term elective cesarean section, Output of PGF, by 
chorion and decidua in panels B and C were >8065 pg/10° 
cells. ND, Nondetectable. 


cell concentration was 2 x 10° per milliliter and the 
final PGE, concentration was 0; 1, 10, 100 ng/ml. The 
cells were then agitated in a shaking water bath at 
37° C for 2 and 4 hours under air. All incubations were 


` performed in triplicate. Incubations were terminated 
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by freezing at —70° C. Controls included in this ex- 
periment were cells with media at time zero, test media 
incubated without cells for 2 and 4 hours, and cells with 
media but without added PGE, to obtain basal PG out- 
put at 2 and 4 hours. Frozen cell suspensions were 
thawed, mixed well, and centrifuged (1000 g for 10 
minutes) before assay. The concentration of PGE, in 
media from cells at time zero was subtracted from that 
in media and cells at 2 and 4 hours (basal output) to 
determine the net basal output over that time. Net basal 
output was subtracted from total PG output in the pres- 
ence of added PGE, to determine net stimulated out- 
put, and is expressed per 10° cells. 

Overall mean cell viability after collagenase dispersal 
was 88.9% + 5.4%. We have determined previously 
that there was no difference in viability between tissues, 
nor between cells obtained at elective cesarean section 
and spontaneous delivery.° 

Prostaglandin assays. PGE», PGF,,, and PGEM 
were measured directly from the incubation media 
by specific radioimmunoassay. PGEM was mea- 
sured as: 11-deoxy-13,14-dihydro-15-keto-118,16W- 
cycloprostaglandin E, by a commercial assay sys- 
tem from Amersham International (Amersham, 
United Kingdom). The same amount of medium was 
included in the assay standard curve. To measure 
PGFM, the media was first acidified and then extracted 
with diethyl ether. The extract was dried under a 
stream of nitrogen and assayed for PGFM. 

The interassay and intra-assay coefficients of varia- 
tion (%) for all four assays were 8.0 + 2.3 and 3.3 + 
0.6 for PGE, 9.3 + 3.3 and 5.7 + 1.7 for PGEM, 
7.7 + 1.0and4.5 + 0.3 for PGF,,, and 11.3 + 1.6 and 
2.8 + 0.7 for PGFM. 

Antibody specificity was calculated as 50% bind- 
ing/binding in the absence of nonradioactive prosta- 
glandin displacement. PGF», cross-reacted 0.18% with 
the PGE, antibody. There was <0.01% cross-reaction for 
the PGF,, and PGFM antibody with PGs other than 
PGF,, and PGFM, respectively. The PGEM antibody had 
<0.001% cross-reactivity with PGE, PGF, or PGFM. 

Data analysis. Differences between cesarean section 
and spontaneous labor patients were sought with the 
Student ¢ test. 


Results 


It became evident as the study progressed that one 
patient in the cesarean section group responded quite 
differently from the rest of the patients. Results for this 
individual are presented separately. For all other pa- 
tients, the general response patterns at 2 hours and at 
4 hours were similar, and results are presented for the 
2-hour incubations only. 

Basal PG output. Basal output of PGE, (Fig. 1) by 
amnion was greater than that for other prostanoids, 
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and increased with cells from patients at spontaneous 
delivery. In chorion, the output of PGEM exceeded that 
of other PGs but did not change with labor. Net basal 
output of PGF,, at cesarean section and of PGE, at 
spontaneous delivery from decidual cells was greater 
than that of PGFM or PGEM, but did net change with 
labor. 

Effects of added PGE,. The percent recovery of 
PGE, added to the medium at 1 ng/ml, incubated for 
2 hours, and measured by radioimmunoassay was 
90.8 + 13.8% (n = 11). Table I shows the recovery of 
PGE,, PGF,,, PGEM, and PGFM in the medium as a 
percentage of added PGE, after subtraction of net basal 
PG output. At both cesarean section and spontaneous 
delivery, recoveries from chorion were not significantly 
different from 100%, with PGEM being the major 
product. However, with amnion and decidual cell prep- 
arations, recoveries ranged between 30% to 55%, and 
most activity remained in PGE). 

The profiles of PGs formed from added PGE, were 
similar at the three different concentrations of added 
potential substrate (Fig. 2). In amnion, conversion to 
PGF,, was present, and on average higher at cesarean 
section than at spontaneous delivery. There was essen- 
tially no conversion to PGEM or PGFM by amnion cells 
at either cesarean section or spontaneous delivery. In 
chorion there was appreciable conversion to PGEM, but 
only trace amounts of PGF», and PGFM were detected. 
The formation of PGEM in chorion was not signifi- 
cantly different between cesarean section and sponta- 
neous delivery patients. In the decidua there was neg- 
ligible (<1.0%) formation of PGF». from added PGE}. 
The major product was PGEM, although its formation 
was variable and did not differ significantly between 
cesarean section and spontaneous delivery patients. 

PG output in one cesarean section patient. The pat- 
tern of basal and stimulated output of PGs was quite 
different in one of the cesarean section patients. In this 
patient, net basal output of PGE,, PGF,,, and PGEM, 
and PGFM was undetectable in most tissues (Table II). 
After addition of PGE, (1 to 100 ng/ml) there was sub- 
stantial formation of PGF», by amnion (up to 35%), 
chorion (up to 100%), and decidua (up to 80%), and 
minimal, if any, formation of PGEM or PGFM by any 
one of amnion, chorion, and decidual cell preparations 
(Fig. 3). 


Comment 
The possibility has been raised that conversion of 


_ PGE, to PGF, by intrauterine tissues, especially de- 


cidua, might contribute to the increase in PGF, and 
PGFM found in amniotic fluid and in maternal plasma 
during late pregnancy, and may contribute to the stim- 
ulus to myometrial contractility at parturition.” How- 
ever, we found that although some PGF,, is formed 
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Table II. Basal PG output at term cesarean section in one patient (pg/ 10° cells) 





Tissue PGE, PGEM . PGF,, PGFM 
Amnion 13 ND ND ND 
Chorion ND ND ND ND 
Decidua ND ND ND 18 





ND, Nondetectable. 


from PGE, by all intrauterine tissues, quantitatively this 
was extremely small, particularly in comparison with 
the substantial metabolism of PGE, to PGEM. There- 
fore our results are in accord with the conclusions of 
Niesert et al” and Kredentser et al. that the activity 
of decidual 9-ketoreductase is unlikely to be a signifi- 
cant factor in the determination of the increase in the 
production of PGF,, at parturition. Although previous 
studies have demonstrated PGE, 9-ketoreductase activ- 
ity in human decidual cytosol,*’ the present results 
suggest that the major pathway of decidual PGF,, pro- 
duction is through de novo synthesis. Our study pro- 
vides new information on the output of PGEM by am- 
nion, chorion, and decidua in the basal state and after 
added PGE, in vitro. We found that PGEM was the 
major prostanoid produced by chorion, and that in 
both chorion and decidua (but not in amnion) its output 
was considerably enhanced after addition of PGE). 
These observations are in accord with high PGDH ac- 
tivity in chorion, somewhat lower activity in decidua, 
and minimal activity in amnion. 

Although we recovered most of the added PGE, in 
PGE,, PGEM, PGF,,, and PGFM for chorion, there was 
poor quantitative recovery from amnion and decidual 
cells. In the absence of cells, PGE, recovery was good, 
It seems likely that PGE, or its metabolites were taken 
up and retained to a greater extent by amnion and 
decidual cells than by chorion. However, because we 
were interested in relating PG output in vitro to secre- 
tion in vivo, we measured PG concentrations in the 
supernatant only. It is also possible that 15-keto-PGE, 
or 15-keto-PGF,,, which were not measured in this 
study, accumulate in the amnion and decidual cells, 
although previous studies of PG metabolism in these 
tissues’! suggest that this is unlikely to account for the 
poor total recoveries. It is also possible that the rate of 
PG entry into cells varies between the tissues. Finally, 
we did not attempt to adjust cofactors in these exper- 
iments. PGDH is a nicotinamide adenine dinucleo- 
tide, oxidized form—dependent enzyme, whereas 9- 
ketoreductase uses nicotinamide adenine dinucleotide 
phosphate, reduced form.®” It remains possible that 
under our incubation conditions nicotinamide adenine 
dinucleotide phosphate, reduced form, availability is 
rate-limiting, resulting in an apparent predominance 
of PGDH activity; despite the demonstration of 9- 
ketoreductase in decidual cytosol preparations. 


Previous studies suggested that 9-ketoreductase ac- 
tivity could be inhibited by progesterone, estradiol, and 
cortisol, and enhanced by calcium ion or oxytocin.® 
However, the concentrations of steroids used in those 
studies were high (1 mmol/L), and it is unlikely that 
endogenous steroid production by the cell types we 
used in vitro! would be sufficient to affect the ac- 
tivity of this enzyme. Further, if the influence of 9- 
ketoreductase is minimal in vivo, it seems unlikely that 
steroid modulation would have any physiological sig- 
nificance. í 

We found one patient in the cesarean section group 
in whom there was minimal PGDH activity in all tissues, 
and substantial conversion of PGE, to PGFs. Thus, in 
the absence of PGDH, high levels of 9-ketoreductase 
were expressed. This patient was delivered as a repeat 
cesarean section in the current pregnancy. It is of in- 
terest that she had had three successive miscarriages at 
16 to 20 weeks’ gestation. Further detailed studies of 
this patient and her offspring are under way. The ex- 
tremely low or undetectable PGDH activity in all tissues 
of this patient is intriguing. Erwich and Kierse,'* from 
a study of placental PGDH activities in monozvgotic 
and dizygotic pregnancies, have suggested that the level 
of PGDH is controlled by the fetus. A direct fetal effect 


‘could account for the results in chorion and amnion. 


However, the similar absence of PGDH in decidua 
raises the possibility that either an inhibitor or the lack 
of a stimulator to PGDH from the trophoblast-derived 
structures might also exert regulatory influences on the 
enzyme. 

This patient clearly shows that 9-ketoreductase can 
be expressed in human amnion, chorion, and decidua. 
However, our results overall suggest that this enzyme 
does not normally contribute significantly to PGF,, out- 
put by the fetal membranes or decidua at term. 
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Increased placental progesterone may cause decreased 
placental prostacyclin production in preeclampsia 


Scott W. Walsh, PhD, and Stephanie Coulter, BS 
Houston, Texas 


Placentas obtained from women with preeclampsia produce more thromboxane and less prostacyclin than 
normal. They also produce more progesterone than normal. This study tested whether a progesterone ` 
concentration equivalent to that in the medium after in vitro incubation of placentas from women with 
preeclampsia (=1.5 x 1075 mol/L) could cause an imbalance of increased thromboxane and decreased 
prostacyclin production by normal placentas. Fresh term placental tissues were incubated for 48 hours ih 
the absence or presence of various concentrations of progesterone and/or estradiol. Prostacyclin and 
thromboxane were determined by radioimmunoassay of their stable metabolites, 6-keto-prostaglandin F,, 
and thromboxane B,. A progesterone concentration of 1.5 x 1075 mol/L significantly (p < 0.001) inhibited 
prostacyclin production, compared with control, but lower concentrations did not. Estradio! at 
concentrations present in the medium after incubation of either normal or preeclamptic placental tissue did 
not significantly affect prostacyclin production, nor did it prevent progesterone at 1.5 x 107ë mol/L. from 
inhibiting prostacyclin. Thromboxane production was not affected by either progesterone or estradiol. 
Conclusion: In’ vitro addition of progesterone at a concentration equivalent to that in the medium after 
incubation of preeclamptic placentas inhibited prostacyclin production by normal placentas to a rate 
characteristic of preeclampsia, However, it did not increase thromboxane. Speculation: Increased’ 
trophoblast progesterone in preeclampsia may act by a paracrine mechanism to inhibit prostacyclin 
synthesis in placental vasculature. Progesterone’s selective inhibition of prostacyclin without affecting 
thromboxane may be due to the compartmentalization of thromboxane production to trophoblast and 
stroma and prostacyclin production to placental vasculature. (AM J OBSTET GYNECOL 1989;161:1586-92.) 


Key words: Progesterone, prostacyclin, thromboxane, preeclampsia, human placenta 


Placentas obtained from women with preeclampsia 
produce more thromboxane and less prostacyclin than 
normal.’ Prostacyclin, a potent vasodilator and inhibi- 
tor of platelet aggregation, opposes the vasoconstrictive 
and platelet aggregating effects of thromboxane. 
In vitro incubation of placental tissues obtained from 
women with mild preeclampsia results in progesterone 
concentrations that are 30% to 70% greater than nor- 
mal.? The concentrations of estradiol in the incubation 
medium are the same as normal. This study was done 
to test the hypothesis that in vitro addition of proges- 
terone at a concentration equivalent to that in the me- 
dium after incubation of placental tissue from women 
with preeclampsia can cause an imbalance of increased 
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thromboxane and decreased prostacyclin production 
by normal placentas. 


Material and methods. 


Fourteen term placentas were obtained within 5 min- 
utes of vaginal (n = 11) or cesarean section (n = 3) 
delivery from healthy, normotensive women. The 
mode of delivery does not affect in vitro placental pros- 
tacyclin or thromboxane production rates.'* Institu- 
tional approval to use human placental tissues was ob- 
tained. Each placenta was placed in a sterile plastic bag, 
covered with ice, brought immediately to the labora- 
tory, and processed under sterile conditions in a clean 
bench laminar flow type of hood. The umbilical arteries 
were gently flushed with Dulbecco’s modified Eagle’s 
medium (DMEM) (Gibco, Grand Island, N.Y.) until the 
chorionic plate arteries and veins were visibly clear of 
blood. Tissue samples were taken from various sites 
and always from the interior of the placenta to exclude 
contamination with chorion, decidua, large blood ves- 
sels, or bacteria after a vaginal delivery. Placental tissues 
were placed in DMEM that was oxygenated with 95% 
oxygen and 5% carbon dioxide. Tissues were gently cut 
and washed repeatedly until blanched of blood, then 
gently cut again into small pieces and blotted dry with 
sterile gauze with a consistent technique used for each 
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Fig. 1: Concentrations of progesterone iri the incubation Mediuma in the presence or absence of 
approximately 350 mg of human placental tissue. The molar concentration of progesterone added 


was 1 X 1075 mol/L. 


piece of tissue. Cie was taken to assure as little trauma 
to the tissues as possible. Approximately 350 mg of 
tissue pieces was placed into 7 ml of DMEM in 2 x°3 
six-well culture dishes (35 mm diameter for each well) 
(Costar, Cambridge, Mass.). Control wells were run in 
quadrisplicate for each placenta and treatment wells 
were run in duplicate: Tissues were oxygenated with 
95% oxygen and 5% carbon dioxide during 48 hours 
of incubation at 37° Cina Dubnoff metabolic shaker 
that was located inside a sterile hood. 

- The shaking incubator creates a shear stress on the 
tissues ‘that is important for prostacyclin and throm- 
boxdne production. The use of 95% oxygen is necessary 
to assure viability of the inner cells of the tissue pieces. 
Cell viability of the tissue cultures is >95% as previously 
published.’ Reduction of oxygen from 95% to 20% 
results in a significant decrease in prostacyclin pro- 
‘duction? 

The placenta: both gahan and neako pro- 
gesterone and estradiol, but in vitro -placental steroid 
synthesis is, low in thé absence of added precursor.” 
Therefore metabolism i is greater than synthesis. For this 
reason: progesterone. and 17B- estradiol concentrations 
were determined in the incubation medium in the pres- 
ence and absence. of, 350 mg of placental tissue. When 
the. original incubation concentrations of progesterone 
weré 1 x 107,1 x .1073,and 1 x 10-® mol/L, the final 
incubation concentrations were 1.5 x 1075 mol/ L (85% 
reduction), 2.8.x 107° mol/L (72% reduction) and 
4.5 x 1077 mol/L (55% reduction), respectively, The 
rate of placental progesterone metabolism is shown in 
a representative figure for a starting concentration of 
1 x 107° mol/L (Fig. 1). In the absence of placental 
tissue the concentrations of progesterone remain stable, 


but in the presence of placental tissue progesterone 
concentrations rapidly decline during the first 2 hours 
of incubation before teaching equilibrium and rela- 
tively stable concentrations. Placental metabolism of 
17B-estrddiol was similar to that of progesterone, but 
because physiologic concentrations of estradiol did not 
significantly affect’ prostacyclin or thromboxane pro- 
duction either alone or in combination with: ‘progester- 
one, its molar.concentrations in the incubation medium 
are presented only as 107* for the sake of clarity, sim- 
plicity, and emphasis on progesterone: Progesterorie 
and 17B- -estradiol were initially diluted in 100% ethanol 
to a concentration of 10 mg/ml. Subsequent dilutions 
Were made from these solutiotis with DMEM. The eth- 
anol percentages in the E R solutions were 
=0:586%. 

Single 200 pl samples were collected at time 0 and 
at 8, 20, 32, and 48 hours of incubation’ from each 
iricubation well. The time 0 sample was collected after 
all tissues were weighed and placed i into their respective 
incubation wells and just before the shaking incubator 
was started. Sample volume was not replaced with fresh 
DMEM to avoid dilution of the incubation media. The 
production rates of thromboxane A, and prostacyclin 
were estimated by determining the concentrations in 
the incubation media of their stable metabolites, throm: 
boxane B, (TXB, ) and 6- keto- -prosiaglandin Fia (6-keto- 
PGF,,). The validation of each radioimmunoassay was 
published previously." 4 The concentrations of TXB, 
and 6-keto-PGF,, ineach sample were corrected for the 
volume of the incubation mèdiúm remaining at the 
time of sampling. 

Data are expressed as picograms per milligram of 
wet tissue. The advantages of expressing the data as 
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Fig. 2. Placental production of prostacyclin and thromboxane as estimated by the concentrations of 
their stable metabolites, 6-keto-PGF,, and TXB». respectively, in the absence. or presence of various 
concentrations of progesterone. The progesterone concentration of 1.5 x 107* mol/L is equivalent 
to that present in the medium after incubation of preeclamptic placental tissue.’ Data represent 
mean + SE (n = 14 for 6-keto-PGF,,, n = 10 for TXB,). Triple asterisk, p < 0.001; NS (shaded area), 


nonsignificant (p > 0.05). 


per milligram of wet tissue, rather than as per milligram 
of dry tissue, protein, or deoxyribonucleic acid, are that 
it is simple and time efficient and it allows calculation 
of the total production rate for each placenta. We have 
validated the expression of the data as per milligram 
of wet tissue weight by comparing it with other meth- 
ods. Comparison of .picograms per milligram of wet 
tissue with picograms per microgram of protein results 
in significant and positive correlation coefficients for 
whole. placental tissue of ‘+= 0.86 for TXB. and 
r = 0,95 for 6-keto-PGF,,.‘ Correlation coefficients in 
five experiments for milligrams of wet tissue versus 
milligrams of dry tissue ranged from r= 0.81 to 
r = 0.91; for éxpression of the data as picograms per 


milligram of wet tissué versus picograms pér milligram 
of dry tissue the correlation coefficients were r = 0.94 


‘to r = 0.98 for TXB, and r = 0.97 io r = 0.98 for 


6-keto-PGF a. 

Statistical differences between the concentration 
regression lines from 0 to 48 hours for 6-keto- PGE a 
or TXB, were assessed by two-way analysis of variance 
with orthogonal comparisons and the multivariate gen- 
eral linear hypothesis method. This is a revised version 
of a multivariate least-squares regression analysis al- 
lowing any linear contrasts on vectors of dependent and 
independent variables. A statistical computer software 
package was used. Regression lines were considered 
significantly different at p < 0.05. 
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Fig. 3. Same as legend to Fig. 2 except placental tissues were incubated in the absence or presence 
of various concentrations of 1'7B-estradiol. The estradiol concentration of 107* mol/L is a supra- 
physiologic dose. Deuble asterisk, p < 0.01; NS (shaded area), nonsignificant (pf > 0.70). 


Results 


A progesterone concentration of 1.5 x 1077 mol/L 
significantly inhibited placental prostacyclin produc- 
tion as indicated by significantly lower (p < 0.001) con- 
centrations of 6-keto-PGF,, in the incubation medium 
as compared with control (Fig. 2). Addition of lower 
concentrations of progesterone did not significantly af- 
fect 6-keto-PGF,, concentrations. compared with con- 
trol (p > 0.05). An estr adiol concentration of 107% 
mol/L significantly lowered (p < 0.01) 6-keto-PGF,, 
concentrations, but addition of lower amounts of 1077 
and 10-78 mol/L did not significantly alter (p > 0.70) 
prostacyclin production (Fig. 3). l 

When progesterone was added to the incubation me- 
dium together with various amounts of estradiol, the 
progesterone concentration of 1.5 x 107° mol/L still 
significantly inhibited placental prostacyclin produc- 
tion because the concentrations of 6-keto-PGF,, in 


the incubation medium were significantly lower 
(p < 0.001) than control (Fig. 4). Similar to the results 
obtained when progesterone was added alone, proges- 
terone at lower’ concentrations in conjunction with es- 
tradiol did not significantly alter (p > 0.10) prostacyclin 
production. 

Neither progesterone nor estradiol, either alone or 
in combination, significantly. affected placental throm- 
boxane production as indicated by the concentrations 
of TXB ; (Figs. 2 to 4). Statistical probability levels were: 
1.5 x 107° mol/L progesterone, p > 0.07; 2.8 x 1076 
mol/L progesterone, p > 0.20; 4.5 x 1077 mol/L pro- 
gesterone, p > 0.98; 10-5 and 107? mol/L estradiol, 
p> 0.4; progesterone plus estradiol, p > 0.5 for all 
doses. The TXB, data represent n = 10 rather than 
n = 14 because the TXB, radioimmunoassays for some 
of the experiments were not valid because of heat- 
damaged TXB, standards during shipment i in August. 


1590 Walsh and Coulter 


—e— Control 
--0-- Pf 45x10 M/E 10” to 10°M 
mA PË 28x10 M/E, 107 to 10°M 
=~ PË 1.5x10" M/E» 105 to 107M 


S 400 

FA 

ow 

= 

2 300 

ma 

E 

& 200 

“g 

c 

a 100 

o 

> 

m 

0 
0 10 20 

© 1000 

em È f 

th 

2 

= 800 

oO “ 

= . 

mo 

& 600 

a 400 

a ig n 

§ 

x 

8 200 

£ ora 

2 

E 0 


| es 





December 1989 
Am J Obstet Gynecol 





30° 40 50 

—@e— Control 

--Ò-- P* 4.5x10°7 M/E, 107 to 10°M 
y en Te eee 

==- P* 2.8x10°M/E, 107 to 10°M 


PÍ 1.5x10°° M/E, 10° to 107M 


30 40 50 
Hours of Incubation 


Fig. 4. Same as legend to Fig. 2 except placental tissues were incubated with various combinations 
of progesterone (P3 plus estradiol (£3): Tapez asterisk, p< 0. 001; NS oe area), nonsignificant 


(p> 0.10). 


In three experiments the concentrations of 6-keto- 
PGF,, and TXB, were evaluated between 0 and 8 hours 
of incubation (i.e. at 1, 2, and'4 hours) in addition to 
the other sampling times. The concentrations of 6- keto- 
PGF, were liriear and those of TXB, were curvilinear 
during this time interval. The inhibitory effect of pro- 
gesterone ‘at 1.5 x 1075 mol/L on 6-keto-PGF,, was 
present as early as | hour of incubation i in two of three 
placentas. Ge i 


Comment 

Addition i in vitro of progesterone at a concentration 
equivalent to that present in the incubation medium of 
preeclamptic p lacentàs? significantly inbibited prosta- 
cyclin production by normal placentas to a rate char- 
acteristic of preeclampsia ( me 5).1° Lower concentra- 


tions of progesterone did not significantly affect pla- 
cental prostacyclin production (Figs. 2 and 4). Estradiol 
did not significantly alter prostacyclin production ex- 
cept at a concentration coñsiderably higher than that 
present in the medium after incubation of either nor- 
mal or preeclamptic placental tissue (Fig, 3). The in- 
hibitory. effect of progesterone on placental prosta- 
cyclin production confirms the data of Myatt et al. and 
Jogee et al.’ These investigators found that pr ogester- 
one, either alone or in ‘combination with estradiol, sup- 
pressed prostacyclin production by dispersed term pla- 
cental cells in culture. We speculate that increaséd tro- 
phoblastic production of progesterone in preeclampsia 
acts by 'a paracrine mechanism to locally inhibit pros- 
tacyclin production in the placental vasculature. 

i The concentration of 1.5 x 1073 mol/L of proges- 
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terone used in this study, although higher than that in 
the maternal systemic circulation, could be physiologic 
for the placenta if one considers that progesterone ex- 
erts its effect in a paracrine, rather than an endocrine, 
manner. The in vitro production rates for progesterone 
previously reported,® on which the present study was 
based, are very similar to those obtained by in vivo 
studies in pregnant women when they are converted 
from nanograms per milligram of placental tissue per 
hour to milligrams per placenta per day. The in vitro 
progesterone production rates with pregnenolone or 
pregnenolone sulfate added as precursor ranged from 
184 to 268 mg/day. This compares favorably with 
in vivo production rates reported for pregnant women 
of 100 to 250 mg/day. 

The inhibitory effect of progesterone on placental 
eicosanoid production was selective because it inhibited 
prostacyclin but not thromboxane production. Since 
both prostacyclin and thromboxane are cyclooxygenase 
metabolites of arachidonic acid, this raises the question 


as to the mechanism whereby progesterone selectively 


inhibits prostacyclin without inhibiting thromboxane 
production in the human placenta. One possibility is 
that progesterone can selectively inhibit prostacyclin 
synthesis. The human placenta contains a protein that 
inhibits prostaglandin synthesis,” and progesterone, but 
not estradiol, inhibits the release of arachidonic acid 
from human endometrial and decidual cells within 15 
minutes, presumably by inhibiting phospholipase ac- 
tivity. We are not aware, though, of any evidence that 
progesterone can specifically inhibit prostacyclin syn- 
thase. 

An alternate possibility for the selective inhibitory 
effect of progesterone on prostacyclin production is 
that prostacyclin and thromboxane are compartmen- 
talized in the human placenta.“ ° Thromboxane is pri- 
marily produced in the trophoblastic and stromal tis- 
sues of term placentas, whereas prostacyclin is primar- 
ily produced in the placental vasculature. Therefore a 
testable hypothesis is that progesterone receptors are 
present only in the placental vasculature, resulting in 
an inhibitory effect on prostacyclin without affecting 
thromboxane production by the trophoblast and 
stromal tissue. This hypothesis is consistent with the 
low number of progesterone-specific receptors present 
in the human placenta." 

All of the doses of progesterone tested theoretically 
should have saturated the progesterone-specific recep- 


tors in the placenta. Despite this, progesterone signif-' 


icantly inhibited proszacyclin production only at the 
1.5 x 107° mol/L dose. Myatt et al.° and Jogee et al.’ 
also found significant inhibition of prostacyclin by a 
progesterone dose of 107° mol/L in dispersed term 
placental cells in culture. These observations, together 
with the finding of Wilson et al? that progesterone 
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Fig. 5. Prostacyclin production rates (expressed as picograms 
of 6-keto-PGF,, per milligram of wet tissue per hour) in pla- 
cental tissues obtained from normal and preeclamptic preg- 
nancies. At an in vitro concentration of progesterone equiv- 
alent to that in the medium after incubation of preeclamptic 
placentas,’ prostcyclin production by normal placentas was 
inhibited to a rate characteristic of preeclampsia." Data rep- 
resent mean + SE. 


rapidly inhibits phospholipase activity, suggest that pro- 
gesterone can exert effects by a mechanism that may 
be separate from translocation of the progesterone- 
specific cytosol receptor to the nucleus with subsequent 
stimulation of transcription and translational processes. 

This study was conducted to test the hypothesis that 
a progesterone concentration equivalent to that in the 
medium after in vitro incubation of preeclamptic pla- 
centas can cause an imbalance of increased thrombox- 
ane and decreased prostacyclin production by normal 
placentas. The data presented support one half of the 
hypothesis, that higher than normal placental proges- 
terone concentrations can inhibit placental prostacyclin 
production, leading to an imbalance between throm- 
boxane and prostacyclin. However, abnormally in- 
creased placental thromboxane production in pre- 
eclampsia appears to be independent of progesterone. 


We acknowledge the expert technical assistance of 


. Mr. Peter Brath. 
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Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments of 


human placental villi 


D. Michael Nelson, MD, PhD, and Scott W. Walsh, PhD 


St. Louis, Missouri, and Houston, Texas 


Low-dose aspirin has been used as prophylactic treatment for preeclampsia and fetal growth retardation, 
but the physiologic mechanisms for the beneficial effect of this therapy are unknown. We studied the 
effects of aspirin on eicosanoid production by different compartments of normal term human placental villi. 
Duplicate parallel incubations (n = 7) of whole villi, villous core tissues, and trophoblast were established 
on Millicell platform dishes in minimum essential medium in the presence or absence of 1 x 1074 or 

1 x 10-5 mol/L aspirin. Production rates of thromboxane A, and prostacyclin were estimated by 
radioimmunoassay of their stable hydrolysis products, thromboxane B, and 6-keto-prostaglandin Fiw 
respectively. Our results indicate that 1 x 1074 mol/L aspirin inhibits thromboxane production in whole villi 
and villous core tissues denuded of their trophoblast layer but not in isolated trophoblast cells. The same 
concentration of aspirin also inhibits prostacyclin production in the isolated villous core but not in whole villi 
and not in isolated trophoblast. We conclude that aspirin can selectively inhibit thromboxane production in 
whole placental villi and differentially affects thromboxane and prostacyclin production by the trophoblast 
and villous core compartments. (Am J Osstet GYNECOL 1989;161:1593-8.) 


Key words: Human placenta, thromboxane, prostacyclin, aspirin 


The opposing physiologic effects of prostacyclin and 
thromboxane have led to speculation with regard to the 
role of these eicosanoids in normal and abnormal preg- 
nancy.'* Prostacyclin is a potent vasodilator and inhib- 
itor of platelet aggregation, whereas thromboxane 
causes vasoconstriction and stimulates platelet aggre- 
gation. Local production in tissues is the key to the 
effects of these eicosanoids, since it is controversial 
whether thromboxane or prostacyclin are circulating 
' hormones.? Many of the sequelae of preeclampsia can 
be explained by the action of unopposed thrombox- 
ane.’ Low-dose aspirin has been used as a prophylactic 
treatment for preeclampsia,’ other forms of hyperten- 
sion in pregnancy,’ and fetal growth retardation®’ in 
women at increased risk to develop these conditions. 
The pathophysiologic mechanisms for the beneficial 
effect of this therapy are not known, but one proposed 
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mechanism involves a preferential inhibition of throm- 
boxane production by low-dose aspirin without a lim- 
itation of prostacyclin production.® 

Human placental villi produce both thromboxane” ° 
and prostacyclin.® '° We have described a method to 
separate trophoblast from villous core stroma to com- 
pare in vitro eicosanoid production by these two villous 
compartments with eicosanoid production by intact 
vili." In this article we report the effects of aspirin on 
eicosanoid production by the different compartments 
of human placental villi. 


Material and methods 


Human term placentas from seven uncomplicated 
pregnancies (38 to 41 weeks) were obtained immedi- 
ately after delivery. All women were normotensive 
throughout pregnancy, were not taking medications, 
and denied smoking, alcohol use, or aspirin ingestion 
at the end of pregnancy. The method for isolation of 
trophoblast and villous core has been published in de- 
tail.'' Briefly, villous tissue was rinsed repeatedly with 
a modified minimum essential medium to remove 
blood from the intervillous space and the tissue was 
treated 10 minutes at 37° C with the proteolytic en- 
zyme dispase (Collaborative Research, Inc., Lexington, 
Mass.). After enzyme inactivation with ethylenedi- 
aminetetraacetic acid, trophoblast components released 
into the supernatant were harvested and dispase- 
treated villi were rinsed with three changes of minimum 
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Fig. 1. Mean (=SE) concentrations of thromboxane B, (TxB,) (upper panel) and 6-keto-PGF,, (lower 
panel) in culture medium containing whole villi incubated in the absence (control) or presence of 
I x 10-*or 1 x 107° mol/L aspirin (ASA). Results are from four placentas with duplicates for each 
of the parallel incubations. (NS, Not significant; triple asterisks, p < 0.001.) 


essential medium. Histologically the dispase-treated tis- 
sues consisted of villous core components denuded of 
the trophoblast layer; the trophoblast pellet contained 
both syncytial and cellular trophoblast. 

Duplicate cultures of intact whole villi, villous core 
tissues, and trophoblast were established in the pres- 
ence or absence of 1 x 1075, 1 x 1074, or 1 x 1078 
mol/L aspirin (Sigma Chemical, Co. St. Louis). All in- 
cubations were on Millicell platform dishes (Millipore 
Products Division, Bedford, Mass.) in serum-free min- 
imum essential medium at 37° C in a 5% carbon dioxide 
and air atmosphere. Confirmation of viability under 
these conditions by tritiated leucine incorporation and 
trypan blue exclusion has been previously described.” 

Aliquots of media obtained at 2, 4, 20, and 48 hours 
were analyzed for thromboxane A, and prostacyclin by 
‘specific radioimmunoassay of their stable hydrolysis 
producis thromboxane B, and 6-keto-prostaglandin F,, 
(6-keto-PGF,,), as previously described." Antibodies to 
thromboxane B, and 6-keto-PGF,, were obtained from 
Advanced Magnetics, Inc. (Cambridge, Mass). Protein 


content of cells and tissues was determined by the 
method of Bradford” with bovine serum albumin as a 
standard. 

The results are expressed as picograms of eicosanoid 
per microgram of protein with the mean + SE calcu- 
lated for each preparation at each time point. Statistical 
differences among regression lines were assessed by 
two-way analysis of variance with orthogonal compar- 
isons and the multivariate general linear hypothesis 
method. A statistical computer software package was 
used." 


Results 

Preliminary experiments (data not shown). Parallel 
incubations of whole villi, villous core tissues, and tro- 
phoblast were prepared from three placentas, and ei- 
cosanoid production was determined in the presence 
or absence of 1 x 1077 to 1 x 107° mol/L aspirin. 
These studies showed that aspirin at 1 x 107° mol/L 
nonselectively inhibited = 85% of the thromboxane B, 
and =70% of the 6-keto-PGF,, produced by the tissues 
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Fig. 2. Mean (+ SE) concentrations of thromboxane Bs (TxB») (upper panel) and 6-keto-PGF,, (lewer 
panel) in culture medium containing dispase-treated villous core tissues incubated in the absence 


(control) or presence of 1 x 10-tor 1 x 1073 


mol/L aspirin (ASA). Note the different scale for the 


ordinate compared with Fig. 1. Results are from four placentas with duplicates for each of the 
pena incubations. (NS, Not significant; triple asterisks, p < 0.001.) 


or cells during the 48-hour incubation. Aspirin at 
1 x 10°? mol/L did ngt appear to affect eicosanoid 
production in any of the incubations. We selected 
1 x 1075 and 1 x 10-* mol/L aspirin for detailed 
study on the basis of our preliminary results and the 
results of a study that indicated these molar concen- 
trations of salicylate were present in cord blood of 
women given a low dose of aspirin during labor." 
Eicosanoid production by whole villi. Thrombox- 
ane B, production by villi incubated with 1 x 107 
mol/L aspirin was the same as control villi incubated 
without aspirin (p > 0.5; Fig. 1). Aspirin at 1 x 107 
mol/L significantly inhibited thromboxane By produc- 
tion (p <-0.001) by villi compared with villi incubated 
without aspirin (Fig. 1). Thromboxane B, inhibition by 
1 x 107 mol/L aspirin was significant at 2 hours in 
culture; thromboxane By, levels in the media of the 
aspirin-treated tissues were only 31% of thromboxane 
Bə levels in control incubations. This inhibition of 


thromboxane B. production by villi exposed to 1 x 
10-* mol/L aspirin continued over time: thromboxane 
B, levels were 50% of control villi at 4 hours, 41% of 
control at 20 hours, and 55% of control at 48 hours. 

In contrast to the thromboxane B, results, neither 
1 x 107° mol/L nor 1 x 10~" mol/L aspirin signifi- 
cantly affected 6-keto-PGF,, production by whole villi 
compared with villi incubated without aspirin (p > 0.5; 
Fig. 1). 

Eicosanoid production by villous core tissues. 
Explants of villous core tissues produced increased 
concentrations of eicosanoids compared with whole 
villi, with a remarkable sixteenfold increase in the 
thromboxane B, concentration by 48 hours (Fig. 2). 
There was no difference in production of either eicos- 
anoid by villous core tissues incubated with 1 x 107* 
mol/L aspirin compared with control tissues incubated 
without aspirin (p > 0.2; Fig. 2). However, 1 x 107% 
mol/L aspirin significantly inhibited both thromboxane 
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Fig. 3. Mean (+ SE) concentrations of Hono Bo (TxB2) (upper panel) and 6-keto-PGF,, (lower 
panel) in culture medium containing trophoblast incubated in the absence (control) or presence of 
1 x 107? or 1X 107 mol/L aspirin (ASA). Note the different scale for the ordinate compared with 
Fig. 1. Results are from four placentas with duplicates for each of the parallel incubations. 


B, and 6-keto-PGF,, production by villous core tissues 
compared with control tissues incubated without aspi- 
rin (p < 0.001; Fig. 2). Maxiinal inhibition of throm- 
boxane B, production was present after 2 hours of in- 
cubation, ‘with thromboxane B; levels 41% of control 
at this time. Inhibition continued throughout the study 
period, with the medium levels of thromboxane B, in 
the 1 x 10-‘ mol/L aspirin-treated tissues 61% of con- 
trol levels at 4 hours, 49% of control at 20 hours, and 
71% of control at 48 hours. The 6-keto-PGF,, produc- 
tion by control and aspirin-treated villous core tissues 
was not measurable in any of the incubations at 2 or 4 
hours, but mean 6-keto-PGF,, levels in media of villous 
core tissues exposed to 1 x. 107+ mol/L- aspirin were 
40% of control levels at 20 hours and 56% of control 
levels at 48 hours, ” . 
Eicosanoid production by trophoblast. Thrombox- 
ané Bs was the predominant eicosanoid -produced by 
trophoblast (Fig, 3). Neither concentration of aspirin 
significantly inhibited the thr omboxane B; or 6-keto- 


, 
i 


PGF. production by isolated trophoblast cells (p > 0.4; 
Fig. 3). l 


Comment 

The results indicate that 1 x 107* mol/L aspirin in- 
hibits thromboxane By production in whole villi and i in 
villous core tissue denuded of its trophoblast layer but 
not in isolated trophoblast cells. The same concentra- 
tion of aspirin also inhibits prostacyclin production in 
the isolated villous core but not in whole villi or isolated 
trophoblast. We conclude that aspirin can selectively 
inhibit thromboxane By production in whole placental 
villiand differentially affects thromboxane B, and pros- 
tacyclin production by the trophoblast and villous core 
compartments. These results, in.combination with our 
previous findings," suggest- that the trophoblast mod- 


- ulates villous core thromboxane By production by a 


paracrine interaction. We speculate t that aspirin mimics 
this trophoblast-inhibiting. effect on thromboxane Be 
pr oduction by the ploernte 
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Whether the derangements in prostaglandin synthe- 
sis reported in preeclampsia represent primary or sec- 
ondary phenomena is controversial.’ ? Recent studies 
have used low doses of aspirin to avoid the development 
of preeclampsia and fetal growth retardation in women 
at high risk for these complications of pregnancy." ** 
The beneficial effects of this treatment are attributed 
to a selective or preferential inhibition of thromboxane 
production without a significant alteration of prosta- 
cyclin production in different tissue ‘compartments. 
Wallenburg et al.“ administered placebo or 60 mg of 
aspirin daily to a group of women at high risk to de- 
velop preeclampsia, judged by their increased vascular 
sensitivity to infused angiotensin II. They found that 
aspirin alone was an effective prophylaxis for this com- 
plication of pregnancy. Beaufils et al? administered 
daily 150 mg of aspirin and 300 mg of dipyridamole 
to a group of women at high risk to develop hyperten- 
sion in pregnancy (not necessarily preeclampsia) and 
showed an improved outcome for the pregnancies in 
the treated group compared with untreated women. 
Treatment with 1 to 1.6 mg/kg/day aspirin in combi- 
nation with 225 mg of dipyridamole reduced the risk 
of recurrence for intrauterine fetal growth retardation 
in a group of normotensive women with a history of 
intrauterine growth retardation.® Trudinger et al.’ eval- 
uated the fetal benefits of 150 mg aspirin daily in a 
group of women whose fetuses had elevated umbilical 
artery waveform systolic/diastolic ratios. Aspirin ther- 
apy was associated with an increase in birth weight, 
head circumference, and placental weight in the treated 
patients. ' 

Maternal platelets are a source of thromboxane. Fitz- 
gerald et al.“ attributed the decrease in urinary me- 
tabolites of thromboxane after daily treatment of preg- 
nant women with 40 mg of aspirin to a selective inhi- 
bition of the cyclooxygenase responsible for platelet 
thromboxane production. We have shown that normal 
placental villi also produce thromboxane, and an equal 
amount of prostacyclin,® © whereas villi from pre- 
eclamptic women produce a sevenfold excess of throm- 
boxane compared with prostacyclin.” In addition, we 
found that trophoblast isolated from normal villi pro- 
duced predominantly thromboxane, whereas the vil- 
loùs core compartment from normal villi denuded of 
the trophoblast layer produced a sixfold to ninefold 
excess of thromboxane compared with prostacyclin.“ 
These data suggest that a trophoblast-derived inhibitor 
functioning in a paracrine interaction between the tro- 
phoblast and the villous core limits thromboxane pro- 
duction to maintain a physiologic balance of throm- 
boxane and/:prostacyclin in the human placenta in nor- 
mal pregnancy. 

We questioned whether part of the beneficial effect 
of low-dose aspirin in complicated pregnancies might 
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derive from a differential effect on thromboxane and 
prostacyclin production by different compartments of 
placental villi. Results of this study demonstrate that 
1 x 10° mol/L aspirin selectively inhibits thrombox- 
ane production, without affecting prostacyclin produc- 
tion, by whole placental villi, This effect is the result of 
limiting villous core thromboxane production, because 
aspirin had no effect on eicosanoid production by iso- 
lated trophoblast. We speculate that aspirin may sub- 
stitute for a trophoblast-derived inhibitor that normally 
limits villous core thromboxane production. We pro- 
pose that this inhibitor may be absent in villi from pre- 
eclamptic women. Administration of low-dose aspirin 
would prevent the adverse physiologic effects of un- 
opposed thromboxane in the placenta by differentially 
affecting eicosanoid production by villi. l 

The tissue levels of aspirin, or its active metabolite 
salicylate," that result from the various low- dose aspirin 
regimens reported are not known. Plasma salicylate 
concentrations rapidly exceed those of aspirin after oral 
aspirin ingestion, and aspirin may be a “prodrug” for 
salicylate.'* " Ylikorkala et al." studied salicylate levels 
in umbilical cord blood after the administration of a 
single oral dose of 100 mg of aspirin to mothers in 
labor. The range of serum salicylate concentrations in 
the cord blood at delivery was between 1 x 107° 
mol/L to 0.9 x 10-4 mol/L. Tissue levels of salicylate 
may be as much as tenfold higher than serum levels.” 
We identified a differential effect on eicosanoid pro- 
duction by compartments of placental villi with 1 x 
10-* mol/L aspirin. This concentration should be 
within the ranges of aspirin and salicylate levels 
achieved in serum and tissues by clinical protocols that 
use aspirin as therapy for pregnancy complications.** 
Further studies will determine whether the effects of 
aspirin on eicosanoid production in placental com- 
partments provide insight into the pathophysiology of 
preeclampsia. 


We thank Peter Brath, Edward Curran, and Amy 
Marlo for their skillful technical assistance, and Dr. 
Ronald C. Strickler for his review of the manuscript. 
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In vitro release of endothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig pregnancy 


Carl Weiner, MD, Ernest Martinez, BA, Liu Kang Zhu, MD, Abdi Ghodsi, BS, and 


David Chestnut, MD* 


Towa City, Iowa 


The relaxation of isolated blood vessels by acetylcholine is dependent on the presence of intact 
endothelium and its release of a smooth muscle relaxing nitroso-like compound. Pregnancy is associated 
with altered vascular responsiveness to a variety of agents. Because many of these agents stimulate the 
release of endothelium-dertved relaxing facior, we investigated in vitro the effect of pregnancy on 
acetylcholine-mediated relaxation of guinea pig uterine and carotid artery rings. The presence of intact and 
functional endothelium was confirmed both by examination under the scanning electron microscope and by 
vessel relaxation after the addition of acetylcholine. The addition of acetylcholine to the vessel bath 
produced dose-dependent relaxation of both carotid and uterine artery segments obtained from pregnant 
and nonpregnant animals after they had been submaximally preconstricted with phenylephrine. There was 
a significant increase in both response and efficacy to acetylcholine during pregnancy for both uterine and 
carotid arteries (p < 0.0001 for each). The concentrations of endothelial cells (cells per square 
micrometer) were similar in uterine arteries from pregnant and nonpregnant animals. We conclude that the 
most likely explanation for these findings is a pregnancy-mediated enhancement of endothelium-derived 


relaxing factor activity. (AM J OpsteT Gynecol 1989;161:1599-605.) 


Key words: Endothelium-derived relaxing factor, pregnancy, guinea pig, uterine artery, 


carotid artery 


The response of vascular smooth muscle to a variety 
of vasoactive agents is altered during pregnancy.'* 
Some of these alterations are mimicked in the cas- 
trated animal by estrogen replacement.*® The relaxa- 
tion of both large and resistance-size arteries caused 
by acetylcholine applied either in vitro or intravascu- 
larly in vivo depends on the functional integrity of 
the endothelium, which releases one or more vasodi- 
lating nitroso substances.””° In the absence of a func- 
tional endothelium, acetylcholine causes vasoconstric- 
tion. Endothelium-derived relaxing factor release is 
stimulated by a variety of agents.’® The effect of preg- 
nancy acetylcholine-mediated relaxation has not been 
previously studied directly. However, the infusion of 
acetylcholine into the guinea pig uterus reduces resis- 
tance only during pregnancy or after estrogen treat- 
ment.’ This loss of resistance was reported to be 
independent of vasodilator cholinergic nerves but re- 
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duced by protein synthesis inhibition." If endothelium- 
derived relaxing factor activity were increased during 
pregnancy, it could account for at least part of the 
decline in vascular resistance and responsiveness to 
catecholamines during pregnancy. The present exper- 
iments were designed to determine whether the re- 
sponse of either systemic or reproductive organ arteries 


‘to acetylcholine is altered by pregnancy. 


Material and methods 


The protocol was approved by the University of Ilowa 
Animal Care Committee. Adult female, nonpregnant 
and pregnant (50 to 60 days’ gestation; term, 65 to 68 
days’ gestation) guinea pigs (600 to 1000 gm) were an- 


‘esthetized (ketamine hydrochloride, 80 mg/kg ad- 


ministered intraperitoneally; xylazine, hydrochoride, 
3 mg/kg administered intramuscularly), While 100% 
oxygen was applied by mask, the common carotid and 
main uterine arteries were removed en bloc with mi- 
crosurgical instruments and an operating microscope. 
The carotid artery was selected to represent the sys- 
temic vasculature. The uterine artery was selected be- 
cause it directly supplies the conceptus. The number 
of pups supplied by each uterine artery was recorded. 
These were small arteries. The inner diameter as mea- 
sured under the operating microscope of the un- 
stretched uterine artery from a nonpregnant guinea 
pig ranged from 90 to 150 um. The inner diameter 
of the remaining vessels studied ranged from 150 
to 200 um. f 
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Fig. 1. Acetylcholine-stimulated relaxation of uterine artery preconstricted with phenylephrine was 
increased during pregnancy. Repetitive measures two-way ANOVA: dose, p < 0.0001; pregnancy 
status, p < 0.0001; interaction, p < 0.0001. Note that arterial segments from pregnant animals that 
supply a horn without a pup demonstrated an intermediate pregnancy effect (control, n = 12; no 
pups, n = 3; pups, n = 8). * and ¢ Compared with nonpregnant animal. 


The arteries were immediately placed in iced Krebs- 
Ringer bicarbonate solution (grams per liter: sodium 
chloride 6.914, potassium chloride 0.3505, calcium 
chloride dihydrate 0.328, magnesium sulfate heptahy- 
drate (.295, monopotassium phosphate 0.164, sodium 
bicarbonate 2.1, and glucose 2.0) previously aerated 
with 95% oxygen and 5% carbon dioxide. Under the 
microscope, the vessels were sharply cleaned of con- 
nective tissue, cut into 3 mm rings excluding areas with 
branches, and suspended on two 50 pm tungsten wire 
triangles. One triangle was hooked to a stationary rod 
and the other to a strain gauge transducer (Grass FT 
0.03, Quincy, Mass.) for the measurement of isometric 
force. The rings were suspended in 25 ml dropaway 
baths filled with Krebs-Ringer solution maintained at 
37° C and aerated with 95% oxygen and 5% carbon 
dioxide." All experiments were performed in the 
presence of desipramine (10-* mol/L) to block neu- 
ronal, and hydrocortisone (107* mol/L) to block 
extraneuronal uptake of norepinephrine.'® " Propran- 
olol (10-7 mol/L) was added to inhibit B-adrenergic 
receptors.'® 

After at least 60 minutes of equilibration in the organ 
chamber, each ring was stretched to the optimal point 
of its length-tension curve as determined by the tension 
developed in response to potassium chloride (107* 
mol/L) added at each stretch level.'"° The optimal 
resting tension was defined as that point on the length- 
tension curve where the maximal constrictive response 
to potassium chloride was obtained. The arterial ring 
was then preconstricted with submaximal phenyleph- 
rine hydrochloride (1077 mol/L) and endothelium- 
derived relaxing factor release stimulated by the ad- 
dition of acetylcholine 107°? to 107* mol/L) given in 


random order. The arterial ring was washed twice after 
each acetylcholine dose and rested for 15 minutes be- 
fore the phenylephrine was again added to the bath, 
At the conclusion of the experiment, the rings were 
sharply opened longitudinally and the dimensions were 
measured. Then they were blotted dry and weighed. 
The vascular wall cross-sectional area was calculated so 
that the isometric force produced in response to phen- 
ylephrine could be normalized for muscle mass.” The 
response to acetylcholine was expressed in terms of the 
percent relaxation obtained from the phenylephrine- 
induced constriction and the efficacy of acetylcholine. 
Efficacy was defined as the percent relaxation obtained 
for that dose divided by the maximum relaxation ob- 
tained during the performance of the dose-response 
curve for the ring (i.e., the percent of the maximum). 
To determine the effect of pregnancy on the number 
of endothelial cells and the effect of the experiment on 
the structural integrity of the endothelium, rings pre- 
pared identically and simultaneously with those used 
in experimentation and rings actually used in experi- 
mentation were placed in glutaraldehyde, mounted, 
and viewed under the scanning electron microscope. 
The area denuded of endothelium was estimated and 
the number of endothelial cells per micron’ were 
counted. The pregnancy status of the animal from 
which the vessels were obtained was unknown to the 
investigator at the time these evaluations were made. 
Drugs. The following drugs were used: acetylcholine 
hydrochloride, phenylephrine hydrochloride, desipra- 
mine, hydrocortisone, and propranolol (Sigma Chem- 
ical Co., St. Louis, Mo.); ketamine hydrochloride (Bris- 
tol Myers Co., Syracuse, N.Y.); and xylazine (Miles Lab- 
oratories, Shawnee, Kan.). All drugs and buffers were 
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Fig. 2. Acetylcholine-stimulated relaxation of carotid artery preconstricted with 107" mol/L phen- 
ylephrine was increased during pregnancy (n = 13). Repetitive measures two-way ANOVA: dose, 
p < 0.0001; pregnancy status, p < 0.0001; interaction, p = 0.0005. * and + Compared with non- 


regnant animal. 
pres 


prepared fresh on the day of study with distilled water 
and were kept on ice. Concentrations are expressed as 
final molar concentration (mol/L) in the organ bath. 

Statistics. Data are expressed as mean + SEM; n in- 
dicates the number of animals. Uterine rings from 
pregnant animals were subcategorized by the presence 
or absence of at least one pup in the uterine horn they 
supplied. Quantitative differences in responses to ace- 
tylcholine between animals was a large source of vari- 
ability. Therefore the effect of pregnancy and dose on 
the relaxation and efficacy of acetylcholine was deter- 
mined by a two-way random block repeated measures 
analysis of variance (ANOVA) with either percent re- 
laxation from the phenylephrine-induced constriction 
or efficacy as the dependent variable and the dose of 
acetylcholine and the pregnancy status as the indepen- 
dent variables (blocking by animal). If the mean values 
for the ANOVA were found to be significantly different, 
either a Scheffé test or an independent Student £ test 
with appropriate correction for multiple comparisons 
was applied. Thus, despite the somewhat large SE be- 
cause of interanimal variability, statistically significant 
differences between pregnancy and nonpregnant ani- 
mals could be discerned. Comparisons of means from 
two groups used where appropriate were either a 
paired or unpaired Student ¢ test (two-tailed). A p 
value < 0.05 was considered to indicate a significant 
difference. 


Results . 

There was a significant dose-dependent 
acetylcholine-stimulated relaxation of the precon- 
stricted carotid and uterine arterial rings from both 
pregnant and nonpregnant animals (p < 0.0001 for 


each) (Figs. 1 and 2). The percent of relaxation the 
preconstricted vessel achieved was greater in vessels 
from pregnant animals than that achieved in vessels 
from nonpregnant animals (p < 0.0001 for both uter- 
ine and carotid artery rings). Further, there was a sig- 
nificant interaction between pregnancy status and ace- 
tylcholine dose on the relaxazion achieved for both the 
uterine (p < 0,0001) and carotid (p = 0.0005) arteries. 
The maximum relaxation observed for the carotid ar- 
tery was approximately three times that observed for 
the uterine artery. The effect of pregnancy on the uter- 
ine artery was most pronounced at the lower concen- 
trations of acetylcholine. Pregnancy was also associated 
with increased efficacy of acetylcholine for both carotid 
(p < 0.0001) and the uterine arteries (p = 0.0002) 
(Figs. 3 and 4). The interaction term between preg- 
nancy status and dose was also significant for both the 
uterine (p = 0.03) and carotid (p < 0.0001) arteries. 
Differences in such characteristics as vessel weight, 
area, and the tension developed in response to phen- 
ylephrine was examined. The carotid artery rings from 
the pregnant animal weighed less (1.61 + 0.03 mg ver- 
sus 1.83 + 0.04 mg, p < 0.0001) and had a smaller sur- 
face area (1.5 + 0.03 mm? versus 1.70 + 0.04 mm’, 
p = 0.0001) compared with the nonpregnant animal. 
However, there was no significant difference in the ten- 
sion developed in response to 107’ mol/L phenyl- 
ephrine (53.7 versus 54.8 mg/mm’, p = 0.26). The 
uterine artery rings from the pregnant animal weighed 
more (0.41 + 0.02 mg versus 0.3 + 0.01 mg, p< 
0.0001) and had more surface area (0.85 + 0.05 mm* 
versus 0.55 + 0.02 mm?, p < 0.0001). There was a sig- 
nificant increase in the tension developed in response 
to phenylephrine in the uterine artery during preg- 
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Fig. 3. Efficacy of acetylcholine for uterine artery (defined as percentage of relaxation per dose 
acetylcholine divided by maximum relaxation achieved in that arterial ring) preconstricted with 
phenylephrine (1077 mmol/L) was increased during pregnancy (control, n = 12; no pups, n = 3; 
pups, n = 8). Repetitive measures two-way ANOVA: dose, p < 0.0001; pregnancy status, p = 0.0002; 
interaction, p = 0.03. * and ¢ Compared with nonpregnant animal. 


nancy (30 + 2.7 mg/mm? versus 21 + 2.3 mg/mm’, 
p = 0.01). 

Despite the small diameter of the uterine vessels, they 
were successfully suspended on the tungsten wire with 
minimal trauma (Fig. 5). There were no differences 
observed under the scanning electron microscope be- 
tween uterine artery rings from pregnant (23 rings, 7 
animals) and nonpregnant (16 rings, 5 animals) guinea 
pigs in terms of either the number of endothelial cells 
per square micrometer (pregnant, 13.2 + 0.5; non- 
pregnant, 12.3 + 0.6) or the percentage of surface area 
estimated visually to be denuded of endothelium both 
at the start and completion of the experiments (each 
<1%). However, because the surface area of the uterine 
rings from the pregnant animal was significantly larger 
than that of the nonpregnant animal, the calculated to- 
tal number of endothelial cells per ring was also higher 
during pregnancy (pregnant, 12,205 + 588; nonpreg- 
nant, 9904 + 937; p = 0.035). Rings from both preg- 
nant and nonpregnant animals revealed an apparent 
loss of endothelium (cells per square micrometer) dur- 
ing the course of the experiment (12 arteries from 
pregnant, before = 14.3 + 0.5, after = 12.1 + 0.7, 
p = 0.02; 8 arteries from nonpregnant, before = 
14.1 + 0.4, after = 10.4 + 0.7, p = 0.0003). This may 
reflect a small degree of either tissue swelling or stretch- 
ing during the course of the experiment inasmuch as 
the area denuded did not increase over the course of 
the experiment. l 


Comment 

Numerous investigations during the past decade 
have documented the importance of the endothe- 
lum in a host of functions.’ ™ In vitro studies of 


vascular smooth muscle function that did not spe- 
cifically confirm endothelial integrity may have re- 
sulted in misleading conclusions concerning vascular 
responsiveness. For example, acetylcholine-mediated 
and serotonin-mediated relaxation is dependent an the 
presence of functional endothelium. In the absence of 
endothelium, the addition of a low concentration of 
either causes constriction rather than dilation.'* ® 

The effect of pregnancy on endothelium-derived 
relaxing factor has not been studied directly. Bell 
and colleagues’) '* observed that acetylcholine pro- 
duced hyperemia of the isolated guinea pig uterine 
horn only during pregnancy or after estrogen supple- 
mentation. Two recent reports have dealt with the ef- 
fect of estrogen on endothelium-derived relaxing fac- 
‘tor in the castrated rabbit. Gisclard et al.” reported that 
treatment with 178-estradiol increased endothelium- 
dependent relaxation to acetylcholine (3 x 107° to 
3 x 107° mol/L) in the femoral artery. In agreement 
with the present study, the enhancement was mest ob- 
vious at the lower concentrations. Miller et al.” re- 
ported that treatment with 178-estradiol enhanced 
acetylcholine-mediated relaxation of the uteroovarian 
artery obtained from castrated rabbits but did not alter 
the acetylcholine-mediated relaxation of either the ca- 
rotid artery or the aorta from the same animal. 

In studies by both Gisclard and Miller, the quantity 
of estrogen given increased the circulating estradiol 
concentration to estrus-like concentrations and did 
not alter norepinephrine sensitivity’ as is typical of 
pregnancy.” Whereas their observations clearly dem- 
onstrate an estrogen affect on acetylcholine-mediated 
endothelium-dependent relaxation, their model does 
not necessarily mimic pregnancy. In the present study, 
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Fig. 4. Efficacy of acetylcholine for carotid artery preconstricted with phenylephrine (10 
mmol/L) was enhanced during pregnancy (n = 13). Repetitive measures two-way ANOVA: dose. 
p < 9.0001; pregnancy status, p < 0.0001; interaction, p < 0.0001. * and + Compared with non- 
pregnant animal. 


we documented a significant enhancement of 
acetylcholine-mediated relaxation and sensitivity for 
both the uterine and carotid arteries. That the response 
of these vessels was altered suggests that the stimulus 
that leads to the alteration is systemic rather than con- 
fined to the uterine vasculature at least by late preg- 
nancy, as was studied here. We cannot explain the ob- 
servation that the response of rings from uterine ar- 
teries that supplied a horn without a pup showed an 
effect intermediate to the nonpregnant and pregnant 
animals with a pup present. 

Could our observations be a result of increased re- 
lease of prostacyclin during pregnancy? Though the 
small diameter of the uterine artery precluded repro- 
ducible mechanical disruption of the endothelium with- 
out smooth muscle damage, and neither saponin nor 
indomethacin were used in the present investigation, 
the relaxation stimulated was very short-lived (<30 sec- 
onds total). This differs from prostacyclin. In addition, 
Gisclard et al.” documented that the enhancement of 
acetylcholine-mediated relaxation in the castrated rab- 
bit after 17B-estradiol was unaltered by indomethacin. 
Thus the most likely explanation for our observation 
of increased relaxation and sensitivity to acetylcholine 
is an alteration of either endothelium-derived relaxing 





factor release or vessel responsiveness. The observed 
pregnancy-associated increase in the absolute number 


Fig. 5. Representative scanning electron microphotograph of 


of endothelial cells (about 30%) is not likely the sole : s i a 
ý uterine artery from nonpregnant animal after experiment. 


explanation because there was no significant change in k i i 
prane : i 8 j ange Note anatomically confluent endothelium. 


the total number of endothelial cells per unit area. Fur- 
ther investigation is under way to examine this issue. 


We cannot, at this time, determine whether the ob- creased smooth muscle sensitivity to endothelium- 


served changes are a result of either increased release 
of endothelium-derived relaxing factor per activated 


muscarinic receptor, increased receptor number, or in- 


derived relaxing factor. Each is plausible. In uterine 
artery from a castrated rabbit, 17B-estradiol replace- 
ment does not alter the endothelium-dependent re- 
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sponses to the calcium ionophore A23187." This 
would argue against increased sensitivity of the vas- 
cular smooth muscle to endothelium-derived relaxing 
factor, assuming A21387 and acetylcholine release the 
same factor (which is controversial’). And, as previ- 
ously noted, estrogen replacement does not mimic 
pregnancy per se. Endothelial cells contain muscarinic 
receptors” and estrogens augment the number of 
muscarinic receptors in the rat hypothalamus.” There- 
fore one possible explanation of increased release of 
endothelium-derived relaxing factor in response to 
acetylcholine during pregnancy may be an estrogen- 
mediated increase in the number of endothelial cell 
muscarinic receptors. Blockade of these receptors pre- 
vents acetylcholine-stimulated release of endothelium- 
derived relaxing factor. 

a-Adrenergic receptors appear to be involved in 
estrogen-induced rat uterine hyperemia.” The affinity 
and subtypes of B-adrenergic receptors is affected by 
estrogen treatment of rabbits and rats. 
the arterial rings in this study were preconstricted 


30, 31 


Because 


with phenylephrine, the observed effect of preg- 
nancy may reflect an alteration of adrenergic respon- 
siveness. The degree of vessel preconstriction might 
alter endothelium-derived relaxing factor release, and 
in this study there was a small but statistically significant 
difference in the force generated by the uterine arteries 
of pregnant and nonpregnant animals in response to 
phenylephrine (10-7 mol/L). Changes in disposition 
can be ruled out because neuronal and extraneuronal 
uptake of catecholamines were blocked. In conclusion, 
we believe the most likely explanation for the finding 
of increased acetylcholine-mediated arterial relaxation 
during pregnancy is a pregnancy-mediated enhance- 
ment of endothelium-derived relaxing factor activity. 
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Effect of pregnancy on uterine and carotid artery response to 
norepinephrine, epinephrine, and phenylephrine in vessels with 
documented functional endothelium 


Carl P. Weiner, MD Ernest Martinez, BA," David H. Chestnut, MD, anal 
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The effect of pregnancy on arterial sensitivity to vasoconstrictor is controversial. Some of the controversy 
may reflect methodologic differences. Vessel reactivity in vitro is altered by both the tension placed on 

the segment and the presence or absence of functional endothelium. We investigated the effect of 
pregnancy on guinea pig uterine and carotid arteries to norepinephrine, epinephiine, and phenylephrine. 
Each vessel segment was stretched to the optimal point along its length-tension curve, and functional 
endothelium was documented by acetylcholine-stimulated relaxation. A significant dose-response 
relationship was observed in each vessel for each agent (each p < 0.0001). Pregnajicy was demonstrated 
to be associated with a significant reduction in both uterine artery response and sensitivity to 
norepinephrine, epinephrine, and phenylephrine. However, there was no consistent pregnancy-associated 
effect on carotid artery response and sensitivity. (Am J OBSTET GYNECOL 1989;161:1605-10.) 


Key words: Pregnancy, catecholamines, endothelium, vascular smooth muscle, in vitro, 


guinea pig 


Many pregnancy-mediated alterations of physiology 
are known, although the cause(s) are not always clear. 
Recently we reported enhanced endothelium-derived 
relaxing factor activity during pregnancy in the uterine 
and carotid arteries of the guinea pig.' Various agents 
including catecholamines, prostacyclin, histamine, se- 
rotonin, and bradykinin stimulate endothelium- 
dependent relaxation through endothelium-derived 
relaxing factor release.? It is also known, that the 
degree of stretch placed on the vessel (shear or 
tangential) and the rate of flow through the vessel 
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alters the release of endothelium-derived relaxing 
factor and consequently the response cf the smooth 
muscle to various vasoconstrictors.** Prior in vivo 
study on the effects of catecholamines on uterine 
blood flow demonstrated decreased sensitivity to nor- 
epinephrine and epinephrine during pregnancy.” 
Results of the few studies on the effect of cate- 
cholamines on isolated’ vessels obtained from pregnant 
animals'''’ seem at odds with the in vivo observations. 
To our knowledge in no instance has both func- 
tional endothelium been confirmed and the vessel 
placed at its, individual optimal resting tension before 
in vitro experimentation. The purpose of this in- 
vestigation was to determine the effect of pregnancy 
on arterial responsiveness in vitro to norepinephrine, 
epinephrine, and phenylephrine in a vessel stretched 
to its optimal resting tension and with its endothelium 
documented to be functionally intact. 


Material and methods 


This study was approved by the University of Iowa 
Animal Use Committee. Adult female nonpregnant 
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Fig. 1. Uterine artery force (milligrams per square millimeter) developed in response to phenyl- 
ephrine, norepinephrine, and epinephrine. Dose reflects final molar concentration of drug in vessel 
bath. p Values for dose, interaction, and pregnancy result from two-way analysis of variance with 
dose and pregnancy status as independent variables. Asterisk reflects sensitivity (comparison of preg- 
nant and nonpregnant animals’ responses for individual doses). 


and pregnant (50 to 60 days, term 65 to 68 days) guinez 
pigs (600 to 1000 gm) were anesthetized (ketamine 80 
mg/kg intraperitoneally, xylazine 3 mg/kg intramus- 
cularly). While 100% oxygen was applied by mask, the 
common carotid and main uterine arteries were re- 
moved en bloc with microsurgical instruments and an 
operating microscope. The common carotid artery was 
considered unlikely to be altered by pregnancy and 
served as a control vessel. The main uterine artery was 
selected because it directly supplies the conceptus and 
is thus most likely to be altered by pregnancy. The 
unstretched inner diameter of the uterine artery from 
the nonpregnant guinea pig ranges from 90 to 150 pm 
and would be considered resistance-sized, although in 
the guinea pig it is a conduit vessel. 

_ The vessels were immediately placed in iced Krebs- 
Ringer bicarbonate solution (com posed of sodium chlo- 
ride, 6.914 gm/L; potassium chloride, 0. 3505 gm/L; 
calcium chloride dihydrate, 0.328 gm/L;, magnesium 
sulfate heptahydrate, 0.295 gm/L; potassium phos- 
phate, monobasic, 0.164 gm/L; sodium bicarbonate, 
2.1 gm/L; and glucose, 2.0 gm/L). Under the micro- 
scope, the arteries were cleaned sharply of connective 
tissue, Cut into 3 mm rings, and suspended on two 50 
pm tungsten triangles. One triangle was attached toa 
stationary rod and the other to a strain- gauge trans- 
ducer (Grass FT 0.03) for the measurement of isometric 
force." ° The arterial segments were’ suspended in a 
25 ml drop-away vessel chamber filled with Krebs- 
Ringér solution aerated with 95% oxygen and 5% car- 
bon dioxide and maintained at 37° C. All experiments 
were performed in the presence of desipramine (107° 
mol/L) to block neuronal uptake and hydrocortisone 


(107° mol/L) to block extraneuronal uptake of cate: 
cholamines.'® !7 Propranolol (10-7? mol/L) was added to 
inhibit B- -adrenergic receptors. 

After at least 60 minutes in the vessel bath, ae ring 
was Stretched to the optimal point of its length-tension 
curve ás determined by the tension provoked by po- 
tassium, chloride (107+ mol/L) added at each stretch 
level, The optimal resting tension was defined as that 
point on the length-tension curve where the maximal 
response to potassium chloride was obtained. The pres- 
ence of functional endothelium at the beginning (and 
end) of the experiment was documented by adding 
acetylcholine . (10-* mol/L) to the ring after pre- 
constricting it with submaximal phenylephrine (1077 
mol/L). On the basis of prior study,’ at least 20% re- 
laxation was considered indicative of functional en- 
dothelium. In this same study, anatomic integt ity of the 
endothelium’ was shown under the scanning electr on 
microscope: . 

The following drugs were » used in ‘the experiments: 
acetylcholine chloride, norepinephrine hydrochloride, 
epinephrine’ hydrochloride, phenylephrine hydrochlo- 
ride, desipramine, hydrocortisone, and propranolol hý- 
drochloride (Sigma Chemical Co., St. Louis); ketamine 
hydr rochloride (Bristol Myers Co., Syracuse, N.Y.); xy- 
lazine (Miles Laboratories, Shawnee, Kan.). All drugs 
and buffers were prepared fresh with distilled water 
on the day of study and kept on wet ice. All concen- 
trations were expressed as the final molar concentration 
in the organ bath. After demonstrating functional en- 
dothelium, serial cumulative dose-response curves’ 
were performed on each ring using norepinephrine, 
epinephrine, and phenylephrine applied in a random 
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Fig. 2. Efficacy of phenylephrine, norepinephrine, and epinephrine on uterine artery. Dose reflects 
final molar concentration of drug in vessel bath. p Values for dose, interaction, and pregnancy result 
from two-way analysis of variance, with dose and pregnancy status as independent variables. Asterisk 
reflects sensitivity (comparison of pregnant and nonpregnant animals’ responses for individual 


doses). 


order (each 107° to 10-* mol/L). At the conclusion of 


the experiment, the vessel segments were cut open lon- ` 


gitudinally, the dimensions were measured, and the 
segments were blotted dry and weighed. The vessel wall 
cross-sectional area was calculated so that the isometric 
force generated could be normalized for muscle mass.'* 
The response to an agent was expressed in terms of 
the force generated by each dose of the study agent 
(milligrams per square millimeter) and the force gen- 
erated divided by the maximum force generated dur- 
ing the performance of that dose-response curve, 
i.e., the percent of the maximum. 

Data are expressed as mean + SEM; n indicates the 
number of animals. There were significant differences 
in the responses between animals. Therefore the effect 
of pregnancy and dose on vessel constriction was de- 
termined by a two-way random block analvsis of vari- 
ance with either response or percent response as the 
dependent variable and dose and pregnancy as inde- 
pendent variables (blocking by animal). If the mean 
values were found to be significantly different, a ¢ test 
with Bonnferoni correction was used to reflect differ- 
ences in sensitivity between pregnant and nonpregnant 
animals. Thus, despite relatively large standard errors 
as a result of interanimal variability, statistically sig- 
nificant differences between treatment groups and 
their dose response curves could be discerned. The 
comparisons were considered statistically different if 
p = 0.05. 


Results 


For each of the three agents studied a significant drug 
dose-response relationship was documented in uterine 


and carotid arteries obtained from pregnant and non- 
pregnant guinea pigs (p < 0.0001 for all). The re- 
sponse and sensitivity of the uterine artery were de- 
creased during pregnancy for phenylephrine, norepi- 
nephrine, and epinephrine (Figs. 1 and 2). Each agent 
showed a higher EDs, (30% effective dose) during preg- 
nancy (p < 0.05). There were no persistent differences 
observed for the response of carotid arteries obtained 
from pregnant and nonpregnant animals for any of the 
three agents (Fig. 3). However, there was a slight in- 
crease in the percent maximum response of norepi- 
nephrine for the carotid artery at the high end of the 
dose range (p = 0.04) during pregnancy (Fig. 4). 


Comment 


Although it is frequently stated that the sensitivity of 
the uterine artery to a variety of vasoconstrictors is 
reduced in vivo during pregnancy,” the finding is not 
universal in in vitro studies, Van Nimwegen and Dyer" 
compared strips of uterine artery obtained from non- 
pregnant women to those obtained from pregnant 
sheep. The tension on the strip was not standardized. 
They observed that norepinephrine and epinephrine 
in vessels from pregnant and nonpregnant donors were 
equal in vasoconstrictor activity. This particular tech- 
nique has a high probability of damaging the endothe- 
lium. Assali et al." compared uterine artery respon- 
siveness to norepinephrine in vessels obtained from 
pregnant and nonpregnant sheep. They observed an 
increase in the response of the uterine artery during 
pregnancy to norepinephrine. In this study the inves- 
tigators used vessels from different portions of the uter- 
ine arcade in an attempt to control for the changes in 
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Fig. 3. Carotid artery force (milligrams per square millimeter) in response to phenylephrine, nor- 
epinephrine, and epinephrine. Dose reflects final molar concentration of drug in vessel bath. p 
Values for dose, interaction, and pregnancy result from two-way analysis of variance, with dose and 
pregnancy status as the independent variables. Asterisk reflects sensitivity (comparison of pregnant 
and nonpregnant animals’ responses for individual doses). ' 
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Fig. 4. Efficacy of phenylephrine, norepinephrine, and epinephrine in carotid artery. Dose reflects 
final molar concentration of drug in vessel bath. p Values for dose, interaction, and pregnancy result 
from two-way analysis of variance, with dose and pregnancy status as independent variables. Asterisk 
reflects sensitivity (comparison of pregrant and nonpregnant animals’ responses for individual 
doses). : 


size of the uterine artery that occur with pregnancy, 
assuming that the segments would respond similarly 
if pregnancy were not a factor. Each of the afore- 
mentioned studies was performed before the general 
realization of the importance of the endothelium in 
vascular responsiveness. In 1985 Nunotani et al.-* re- 
ported that the response of the uterine artery in the 


sow to norepinephrine was enhanced during preg- . 


nancy.” Functional endothelium was not documented. 
Our study of the guinea pig uterine artery with doc- 
umented functional endothelium and stretched to its 
optimal resting tension supports the in vivo reports of 
decreased sensitivity to catecholamines during preg- 
nancy. 

The cause of this diminished sensitivity is unclear. 
Some investigators have suggested that it is mediated 
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by either estrogen or an estrogen-like substance.***! o- 
Adrenergic receptors are involved in estrogen-induced 
rat uterine hyperemia.” The affinity and subtypes of 
a-adrenergic receptors are affected by estrogen treat- 
ment of rabbits and rats.™™ Thus the observed effect 
of pregnancy may reflect an alteration of adrenergic 
responsiveness, but zhis view is controversial.” In gen- 
eral, these studies have focused on receptor number, 
affinity, coupling, etc. However, there are other pos- 
sibilities. There is an increase in uterine artery pro- 
duction of prostacyclin® and endothelium-derived re- 
laxing factor’ during pregnancy and catecholamines 
are capable of stimulating their release. Thus al- 
tered a-receptor activity would not be necessary if a- 
stimulation was countered by the release of a vasodi- 
latory substance. Further study is necessary to elucidate 
the roles of these agents in uterine artery responsive- 
ness to catecholamines. 

The effects of pregnancy on the response of systemic 


vessels to vasoconstrictors are also controversial. Both 


increases and no change in the sensitivity of the femoral 
artery to norepinephrine have been reported.'!:** An- 
other study reported decreased responsiveness of the 
perfused tail artery of the rat to norepinephrine during 
pregnancy.” In our study, there was no consistent 
pregnancy-associated alteration in carotid artery re- 
sponse to the three agents studied. 

The uterine artery undergoes rapid growth during 
pregnancy in association with a twentyfold to fortyfold 
increase in blood flow.™ The increased diameter is not 
simply the result of passive dilation. Vascular smooth 
muscle hypertrophy and hyperplasia are fairly well doc- 
umented in the uterine artery of a variety of species 
during pregnancy.” We recently demonstrated an in- 
crease in uterine artery mass and endothelial number 
in the pregnant guinea pig.’ This increase in smooth 
muscle content might theoretically be associated with 
an increase in the force-generating capacity of the ves- 
sel. However, this was not reproducible when the force 
generated by the arterial ring was corrected for cross- 
sectional area. o 

In summary, we observed that there is a pregnancy- 
related decrease in both the force generated and 
efficacy in the uterine artery to phenylephrine, nor- 
epinephrine, and epinephrine during pregnancy and 
that there is no consistent change in the force- 
generating capacity and efficacy of the guinea pig ca- 
rotid artery during pregnancy when the endothelium 
is functional and the arterial segment is stretched to its 
optimal resting tension. 
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Evaluation of pulsed Doppler echocardiography for 
measurement of aortic blood flow in the fetal lamb 
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The purpose of this study was to assess the accuracy of a quantitative, range-gated, two-dimensional 
Doppler echocardiography method for measurement of blood flow in the fetal lamb descending aorta. 
Comparison was made between this method and measurements determined by an electromagnetic 
flowmeter placed directly on the aorta in the chest ofthe fetus. Stroke volume was manipulated acutely 


either by the removal of blood, the addition of fluid by injection, or by pharmacologic means. During each 
procedure, descending aortic blood flow was estimated by the Doppler ultrasonography method and 
compared to the flowmeter recording. The size of the lumen of the aorta determined by echocardiography 
was correlated with direct measurement during surgery and at autopsy. A total of 359 flow measurements 
were obtained in 15 fetuses. Doppler ultrasonographic flew studies and electromagnetic ilowmeter 
measurements were found to be highly correlated (r = 0 93). The study demonstrates the accuracy and 
reliability of the two-dimensional pulsed Doppler echocardiography method for measurement of blood flow 
in the descending aorta in the fetal lamb. (AM J OBSTET GYNECOL 1989;161:1610-4.) 


Key words: Pulsed Doppler echocardiography, fetal lamb 


Doppler ultrasonography for measurement of car- 
diac output has been shown to be an accurate, reliable, 
noninvasive method in both adults and children. Sev- 
eral studies report.a good correlation between cardiac 
output determined by Doppler ultrasonography and 
cardiac output measurements obtained with the Fick 
method! or thermodilution.” * Although quantitative 
ultrasonographic assessment of the human fetal cardiac 
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function has been published,” * validation of this non- 
invasive technique is insufficient. 

The purpose of this study was to evaluate the accu- 
racy of blood flow rates measured in the fetal lamb 
descending aorta with range-gated, two-dimensional 
pulsed Doppler ultrasonography by comparing them 
to measurements obtained simultaneously with an elec- 
tromagnetic flowmeter that had been previously placed 
on the descendirg aorta. , 


Material and methods 


Experimental animals. A total of 15 fetal lambs were 
studied (mean body weight 3252 gm + 846 gm) at a 
mean gestational age of 135.5 days + 2.1 days (SD). 
Food was withheld from the ewe for 48 hours and water 
was withheld for 24 hours before surgery. 

Lactated Ringer’s solution (1000 ml) was given 
through a large bore catheter (No. 14) placed in the 


, external jugular vein. General anesthesia was induced 
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Doppler Sample 
-Fetal Descending Aorta 


Carolina* Instrument 
(Flow Meter) 


Fig. 1. Diagrammatic illustration of placement of flow probe and occluder.on fetal descending aorta, 


adjacent to ductus. 


with ketamine 4 mg/kg and was maintairied with ke- 
tamine 3 mg/kg per hour administered intravenously. 
Ventilation was continued through a tracheostomy with 
inspired gas of =50% oxygen in nitrous oxide. Muscle 
relaxation was achieved with 0.15 mg kg of pancuro- 
nium bromide. 

Electromagnetic probe placement. The sheep was 
shaved and a midline incision was made to expose the 
uterus. An area distal to the cotyledons (usually close 
to the uterine septum) was chosen to avoid bleeding 
and abruptio placentae. A purse-string suture was 
placed around the myometrium with 1-0 chromic cat- 
gut. A second purse-string suture was placed around 
the amnion to decrease the loss of amniotic fluid. The 
fetal lamb was then partially delivered to the level of 
the sternum. A temporary suture was placed to secure 
the chest and the back of the fetus to thé myometrium. 
Care was taken to avoid compression of the umbilical 
cord during the surgery. The fetal external jugular vein 
was identified and a large caliber (inner diameter 3.0 
mm) plastic tube was introduced into the lumen of the 
vessel and advanced to the level of the atrium. The 
tube was fixed by sutures to the skin of the neck. The 
chest was opened at the level of the fifth-rib and thé 
pleura was carefully incised to expose the descending 
aorta. The adventitia was opened longitudinally, the 
size of the vessel was measured, and a precalibrated 
cuff-type electromagnetic flow probe (In Vivo Metric 
System, Healdsburg, Calif.) with a lumen diameter of 
either 8 mm or 10 mm was placed distally and adjacent 


to the ductus arteriosus and secured with ligatures. A 
water-inflatable occluder of a cor responding diameter 
was secured distally to’ the electromagnetic flowmeter. 
Occlusion of the vessel was accomplished transiently by 
the injection of water into the tubing with a 3 ml sy- 
ringé. All occluders were checked ‘at the time of the 
surgery. Both the tubing and cable were.externally 
fixed to the chést wall. The ‘chest was closed and the 
fetus was returtied completely to the uterine cavity. The 
purse-string stitures were tied after introduction of 
normal saline solution (0.9% wt/vol) into the amniotic 
cavity to restore the amniotic fluid loss. Thé maternal 
skin incision was closed. 

. Electromagnetic study. Returning da were dis- 
played on a Carolina Medical Electronics flowmeter 
(model FM 501, Burlington, N.G), properly grounded 
to the sheép, and mean flow was transcribéd on a twò- 
channel recorder (Gould, Cleveland, Ohio). The Aow 
probes used were previously calibrated for their Jdin- 
earity and sensitivity with an in vitro preparation. The 
flow probe was attached to a segment of external jug- 
ular vein from a sheep that had been put to death, 
and 500 ml of heparinized blood was introduced at 
a constant rate into d closed circuit circulation system. 
The flow rate was checked with a beaker and stop- 
watch technique. A gradual restriction to flow was 
applied distal to the segment of vessel to vary flow 
rate. The vessel was maintained distended and wet 
to ensure a good electrical contact between the vessel 
and the flow probe. An excellént linear correlation 
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- Fig. 2, Typical Doppler’ tracing ‘of descending aorta ae fetal ‘sheep. Vaveform was -arialyzed by 
-placement of digital pen on point A of curve and tracing curve out (i.e. joining point A to B | 
` to Cy: This was done to obtain time velocity integral: Quantity: of blood flowing through that vessel ` 
was calculated with use of area of that vessel. Results are expressed in cubic centimeters per beat. a 


was: shown’ between vae and flow for bath flow 

probes (r= = 0.98, p < 0.01, n = 35). for probe No. 10, 

and r = 0.97, p < 0.01, n = 27 for probe No. 8). ` 
‘Doppler ultrasonography and blood flow measure- 


ment.. The probe (Ultra Mark 8 ‘mechanical sector, Ad- - 
vanced. Technology Laboratories, Bothell; Wash.) was. 


: placed (scan heads’ with either 3 or’ MHz frequencies, 
Fig. 1) on the maternal abdominal wall.and the de- 
scendirg fetal aorta was identified. The size of the vessel 
was evaluated on a still. frame during, systole’ (inner to 
inner walls). Comparison between aortic measureiments 

; obtairied by ultrasonography and those at autopsy was 

TA mm +2 ’mni and 7.5 mm + 2 mm, respectively. 
By placing the probe parallel to the vessel with the two- 

_dimensional- echocardiographic i image, ‘thereby keep- 

- ing the angle Close to zero, it was possible to keep t the 
sample volume as small as possible. The Doppler ul: 
trasonographic frequency shift. was automatically cor- 
rected for the angle. The velocity scale was increased 

to provide maximum magnification of the Doppler ul- 

_trasonographic display. A hard copy waè obtained with 

‘a strip chart recorder set at a, speed of 100° ‘mm/ sec. 

. Experimental protocol. Twenty milliliters of blood 
io fluid was rapidly removed or added at: a ‘time 


through the large. bore catheter placed in the external. 


« jugular véin of the fetal lamb. After completion: of each 


withdrawal, ; simultaneous recordings of the two- di- > 


J mensional Doppler ultrasonographic.and electromag- 


nétic How measurements were obtained. A 30-second ' 
vessel occlusión was obtained at each recording toes- . 
tablish a dynamic calibration baselirie zero. An average | 
of 20 to 25 data points were obtained per animal. Phar- ` 


‘macologic agents atropine, epinephrine, or ritodrine 


(0. 0l mg , increments) were emaa directly ; into the 


fetus to affect heart rate and thus the quantity of blood 


ejected: per béat chrough that particular vessel. 


Digitizing protocol. Ani average of the three cardiac 


ac cycles ‘that immediately preceded the vessel occlusion. 
' was analyzed. The Doppler ultrasonography curve area 


was traced with a tablet digitizer and a stylus tip 
(Digisonics, Houston, Tex.) to include points A, B, and 


2 C (Fig. 2): The ascending’ part of the curve was usually l 


a fine line that was, easily traced. The middle, of the 
most dense spectral display was traced. All signals below 
the baseline were’ not included in the tracing analysis 


(Fig. 2). This area under the curve is defined as the 
_ time velocity integral. The size of the vessel was obs . 


tained by two-dimensional echocardiography. The area 
of the vessel was computed by multiplying half of the 
diameter by at (2 of diameter? X 7). The actual volume 
of blood that flo wed through, that vessel per, heart beat. 
was computed automatically by multiplying time veloc- 
ity integral and the area of the vessel. Intraobser ver’; 


variability for the tracing of the curves was limited be- 


cause measurements were obtained by two investigators 


(J.C. V; M. S): 


-Statistical analysis. A commer cially available statis- 
tical package ‘(Northwest Statpak, Portland, Ore.) was 


“used to calculate the correlation coefficient between the 


actual flow: measurement obtained with the electro- 
magnetic flow probe and the pulsed Doppler, ultraso-... .. 


f popraphy a measurement. 


Results 
A total of 359 méasuremenits sof the quantity of biood 


flow through the descending fetal aorta were ob- . 
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Y = 2246146 + 8911135 * X 
N = 359 
r = 0.93 


=x 
CO No 


Doppler Flow (ml) 
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8 12 


Electromagnetic Flow. (ml) 


Fig. 3. Linear relationship between quality of blood flowing through fetal descending aorta per beat. 
Note that values are in ml (or ml/beat) because heart rate is not taken into consideration. 


tained simultaneously over a range of 2 to 15 ml/beat 
with two-dimensional pulsed Doppler echocardiogra- 
phy and electromagnetic flow probe on 15 fetal lambs. 
There was an excellent direct linear correlation be- 
tween electromagnetic flow and Doppler ultrasonog- 
raphy readings (r = 0.93, p < 0.001; Fig. 3) Interob- 
server variability (i.e., between two observers) and in- 
traobserver variability (i.e., same curve traced by the 
same observer at different times) were found to be 
<5%. i 


Comment 


This study suggests that two-dimensional pulsed 
Doppler ultrasonography can be used to reliably mea- 
sure the quantity of blood flow in the descending aorta 
of the fetal lamb. Estimation of flow with this nonin- 
vasive technique gave an accurate calculation of flow, 
as compared to an invasive method such as an electro- 
magnetic flowmeter. In this study, the electromagnetic 
flow probe was used as our reference standard. Al- 
though probes were “factory” precalibrated and had 
an electronic zero, we recalibrated all the flowmeters 
with a beaker and stopwatch technique with both a 
mechanical and electronic zeroing to correct for any 
possible signal drift. Furthermore, the phasic nature of 
the studies of blood flow pattern rendered a dynamic 
calibration necessary, especially when studying low Aow 
rates.® Each period of analysis was coupled with a me- 
chanical zero for reference. Care was taken not to con- 
strict or kink the segment of the blood vessel that was 
being analyzed. The transducers used were chosen to 
maintain contact around the vessel to thereby minimize 
movement of the transducer. In our earlier experi- 


ments poor electromagnetic signals and gross artifacts 
occurred because of poor vessel contact. Careful scru- 
tiny of placement and fixation of the electromagnetic 
flowmeter yielded more consistent results.-The acute 
nature of these experiments did not allow for fibrosis 
to occur as a’ means of securing the flow probe. None- 
theless, the consistency of the signals attested to the 
constant contact between the flow probe and the vessel. 
As mentioned earlier, all the occlusions were placed 
downstream to the transducer to prevent additional 
breaks in the contact between flow probe and vessel. 
During the calibration of the flow probe, we checked 
its accuracy over the whole range of its scale to deter- 
mine its sensitivity. Its reliability was found to be ex- 
cellent at both low and high flow velocity. As we re- 
moved blood from the fetus and reinjected saline so- 
lution, the fetal hematocrit was altered and thus could 
have affected the sensitivity of the flow probe.” x 
Notwithstanding the above comments, we showed 
that the flow measurements obtained with electro- 
magnetic fowmeters were precise and reproducible, 
and that we were justified in their use as our reference 
standard. l . l 
Estimation of the quantity of blood Aow with the use 
of Doppler ultrasonography grèatly depends on the 
ability to accurately measure the size of the vessel (Le., 
its cross-sectional area) and to keep the angle between 
the ultrasound beam and the direction-of the blood 
flow as close to zero as possible. With the use of various 
focal depths (maximum display depth, 25 cm) we were 
able to measure the descending aortic diameter with 
reliable accuracy. A small error in measurement of the 
vessel size could result in a large flow error because the 
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diameter is squared to calculate the area and the flow 
through the vessel under study.’ Maintenarice’ of the 
angle as low as possible gave the best and most reliable 
Doppler ultrasonographic tracings as judged by best 
correlation with electrornagnetic measurements. In all 
analyses, the angle was kept close to 20°. Such deviation 
in the angle should. not alter estimation of the quantity 
of blood flow, as the cosine of the angle is close to 1,” 
and error of measurements will be <6%."! 

With pulsed Doppler ultrasonography we were able 
to place the sample volume in close proximity to the 
electromagnetic flow probe. This is a major advantage 
in the use of such a technique, as the precise location 
and depth of sample are known. Even with such po- 
sitioning, there was some spectral dispersion of the 
Doppler ultrasonography velocity curve. Although the 
middle of the most dense portion of the velocity shift 
was traced, there was an element of subjectivity in lo- 
cating this zone. By standardization of these tracings 
we improved the réproducibility and correlation with 
electromagnetic flow probe measurements. 

Despite certain theoretical and practical difficui:ties 
in the use of two: dimensional Doppler echocardiog- 
rapliy to quantify ‘flow through deep vessels such as 
those of the intrauterine fetus, we have shown ‘that 
these can be overcome. Our results indicate that this 
method can reliably déterinine, in a noninvasive man- 
ner, the quantity of blood flow through the descending 
aorta in the ovine fetus. 


We thank. Dr. Mark Morton of the D of 
Cardiology at Oregon Health Sciences University for 
his indispensable help and Dr. Merrill Adams for his 
technical assistance. 
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Lymph flow rate response to angiotensin II is decreased in 


pregnant sheep 


Guillermo J. Valenzuela, MD, and Lawrence D. Longo, MD 


Loma Linda, California 


Pregnancy in humans is associated with a number of physiologic changes including interstitial fluid 
retention (edema) and a decrease in the systemic vascular response to infused angiotensin II. In 
nonpregnant sheep angiotensin |! increases the lymph flow rate by what appears te be a direct effect on 
the lymphatic vessels. The purpose of this study was to test the hypothesis that during pregnancy the 
lymph flow rate response to angiotensin II infusion is decreased in relation to that of the nonpregnant 
state. We speculate that a decrease in lymph flow may explain the interstitial fluid retention observed 
during human pregnancy. In nine nonpregnant and. five pregnant chronically catheterized ewes, we infused 
angiotensin I! at rates o7 0.1, 10, and 1000 ng/kg/min during a 5-minute period, with intervals of at least 
15 minutes between doses. At the highest angiotensin I| dose, peak lymph flow rate increased 286% in 
pregnant ewes compared with an increase of 344% in the nonpregnant sheep (p < 0.05). No changes 
occurred in the intravascular volume, plasma or lymph protein concentration, or venous pressure. The 
arterial pressure responses to angiotensin Il were decreased in pregnant sheep (p < 0.05). These results 
are compatible with a model for fluid retention in pregnancy in which a decreased lymph flow rate plays a 
significant role in interstitial fluid retention. (Am J OasteT GYNECOL 1989;161:1615-9.) 


Key words: Angiotensin II, fluid balance, pregnancy, lymph flow 


Human pregnancy is associated with a number of 
cardiovascular changes, including increases of approx- 
imately 40% in blood volume, about 50% in cardiac 
output, and the retention of several liters of fluid in 
the interstitium.' The fluid distribution across the cap- 
illaries follows the balance between the hydrostatic and 
oncotic pressures on both sides of the capillaries as 
described by Starling’s law.’ The resulting forces are 
modified by the area of the surface of interchange and 
the protein permeability of the capillary walls.’ Fluid 
and protein, representing ~30% of the total protein 
mass in the intravascular system, are transferred into 
the interstitium and returned to the systemic circulation 
by the lymphatic system. Thus one may speculate that 
relatively small changes in the lymph flow rate could 
produce significant retention of protein and fluid, thus 
altering the forces that affect the interstitial space on- 
cotic and interstitial fluid pressure, We have previously 
postulated that angiotensin II may have a direct effect 
on lymphatic flow in nonpregnant ewes,* a concept sup- 
ported by the findings of Dabney et al. of the effects 
of angiotensin II in the dog’s hind-paw lymphatics. 
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During pregnancy, several animal species, including 
sheep’ and man,’ experience a decrease in systemic 
arterial pressure response to angiotensin IJ infusion, 
despite the fact that circulating levels of angiotensin II 
in the pregnant sheep during angiotensin IT infusion 
are not statistically different from those in nonpregnant 
animals.* Therefore we tested the hypothesis that 
lymph flow response to angiotensin II infusion is de- 
creased in pregnancy as compared with nonpregnant 
controls. Such a finding would suggest that during 
pregnancy the lymphatic system behaves in a manner 
similar to that of the systemic vascular system with a 
decreased responsiveness to vasoactive hormones. We 


‘hypothesize that if lympahtic contractility is decreased 


and if at the same time interstitial compliance is in- 
creased, more protein and fluid would remain within 
the interstitium and appear clinically as edema. 


Material and methods 


We used nine nonpregnant and five pregnant ewes, 
with body weights of 30 to 80 kg. The animals were 
obtained from a local breeder and housed in individual 
pens with artificial light (14 hours of light and 12 hours 
of dark) and ambient temperature of 22° C. The data 
on the nonpregnant animals have been described in 
detail elsewhere.‘ 

Surgery was performed with the animals under gen- 
eral anesthesia as described in detail elsewhere.’ Briefly, 
anesthesia was induced with intravenous Biotal (500 
mg) and maintained by inspiration of 1.5% halothane 
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Fig. 1. Mean + SEM arterial pressure (expressed as percent over baseline) is presented for pregnant 





(@#——e) and nonpregnant ( 


) animals. Angiotensin II infusion is represented by interval between 


vertical dotted lines; the doses used were 0.1, 10, and 1000 ng/min/kg, respectively. The nonpregnant 
animals responded with higher arterial pressures (p < 0.05). 


balanced with oxygen. Tygon catheters (inside diam- 
eter 1.27 mm) were placed through a neck incision in 
the thoracic duct, and one catheter was also placed in 
one of the internal jugular vein tributaries. The con- 
nection between these two vessels was made externally 
so as to allow the lymph to circulate undisturbed while 
allowing us easy access to the lymphatic vessels at the 
time of the experiments. We also catheterized a femoral 
artery and vein. Splenectomy was performed through 
a left flank incision. An incision was made 2 cm parallel 
to the left rib cage, centered about the midaxillary line. 
‘Once the incision was made into the peritoneal cavity, 
the loose fascial planes attached to the splenic capsule 
were released by blunt dissection. The spleen was then 
delivered through the incision, stretching the pedicle 
containing the splenic artery and vein; this pedical was 
then doubly clamped and tied with 1-0 nylon sutures. 
Occasionally other small vascular connections at the 
inferior pole were also ligated. Average blood loss from 
splenectomy was <50 ml, and the procedure added 
<10 minutes to the surgery. Postoperatively the ani- 
mals received heparin, 30,000 IU intravenously daily 
and 15,000 IU subcutaneously twice a day. 
Experimental protocol. The experiments were con- 
ducted 4 to 14 days after surgery. We measured lymph 
flow rate by draining the lymph into a continuously 
weighed vial ~30 cm below the level of the thoracic 
duct. The rate was calculated every 10 seconds from 
the differential of the vial’s weight by the use of an on- 
line program. We returned the lymph to the arimal 
every 10-minutes, by infusing the vial’s content into the 
jugular vein. Samples for hematocrit and plasma and 
lymph protein concentration were obtained during the 
control period and immediately before and after each 


of the angiotensin II infusions. Protein concentrations 
were determined by a hand-held refractometer (Amer- 
ican Optical, Buffalo). Arterial and venous pressures 
were measured continuously and averaged every 30 
seconds; the values were stored for later analysis. 

After a control period of 30 minutes, we infused 
angiotensin II at a dose of 0.1 ng/kg animal weight per 
minute for 5 minutes into the jugular vein. Then after 
a 15-minute observation period, we infused a dose of 
10 ng/kg/min for 5'minutes followed by an observation 
period of 30 minutes. We then administered a third 
angiotensin II infusion at a rate of 1000 ng/kg/min for 
5 minutes. Finally, all functions were measured for 40 
minutes, 

Data analysis. The data are presented as aver- 
age + SEM. To eliminate interanimal variability, the 
arterial pressure and the lymph flow rate are presented 
as percent over initial control. Group comparisons were 
performed by unpaired ¢ test, and the changes with 
time for each variable were tested with a two-way anal- 
ysis of variance (separated for pregnant and nonpreg- 
nant animals). The lymph flow rate responses were also 
analyzed by measuring the total area under the curve 
for pregnant and nonpregnant animals. We plotted the 
responses to angiotensin II infusion and cut out and 
weighed the area under the curve for both pregnant 
and nonpregnant ewes. Also we measured the amount 
of lymph collected during the first 10 minutes after the 
angiotensin I] infusion for pregnant and nonpregnant 
animals. i 


Results 


The values for pregnant and nonpregnant animals 
during the control period are presented in Table 
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Fig. 2. Average + SEM lymph flow rates (expressed as milliliters per minute over baseline) responses 
to angiotensin IJ are presented in nonpregnant (e———-@) and pregnant (——) animals. Vertical dotted 
lines represent angiotensin H infusion doses of 0.1, 10; and 1000 ng/min/kg. There was no effect 
at lower doses, but at higher doses the response was significantly lower for pregnant ewes (9 < 0.05). 
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NONPREGNANT 


PREGNANT 
A II (1000 ‘NG/KG/MIN) EFFECT ON LYMPH FLOW 


Fig. 3. Excess of lymph flow in response to the higher angiotensin II infusion dose (expressed as 
% over baseline) for pregnant and nonpregnant animals. The difference is significantly lower for 


pregnant animal {p < 0.05). 


I. During the control period the arterial pressure 
was significantly higher for the nonpregnant ewes 
(p < 0.05). There were no statistical differences be- 
tween the groups for lymph flow rate, venous pressure, 
hematocrit, plasma, or lymph protein concentration. 
Fig. | presents the percent change of arterial pres- 
sure over baseline in association with angiotensin II 
infusion for both pregnant and nonpregnant ewes; 
there was a statistically higher pressor response at all 
angiotensin II doses in the nonpregnant, animals 
(p < 0.05). Fig. 2 presents the lymph flow response for 
both groups expressed as the percent change over base- 
line. There was no change in the lymph flow rate at 


the two lower doses of angiotensin IH even though ar- 
terial pressure was elevated in the nonpregnant ani- 
mals. In absolute terms, after the maximum angio- 
tensin IT dose, lymph flow rate increased from a base- 
line of 2.46 + 0.69 to 2.98 + 0.7 ml/min in pregnant 
animals, as compared with the change from baseline of 
2.93 + 0.15 to 5.07 + 0.57 ml/min for the nonpreg- 
nant group (p < 0.05). The ratio of the total area under 
the curve for nonpregnant/ pregnant response was 1.65 
(p < 0.05). The excess lymph flow-during the first 10 
minutes after angiotensin II infusion at the highest 
dose was also greater for the nonpregnant animals ( Fig. 
3) (p < 0.05). 
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Table I. Values during 30-minute 
control period 





Nonpregnant Pregnant 
(mean + SEM) | (mean + SEM) | p Vatue 


Arterial pressure 100.3 + 3.7 84 + 4.2 <0.05 
(mm Hg) 

Venous pressure 7.94 1.1 9.1 + 0.7 NS 
(mm Hg) 5 

Lymph flow 2.93 + 0.15 2.46 + 0.69 NS 
(ml/min) 

Hematocrit (%) 28.84 + 1.17 26.24 + 3.66 . NE 

Plasma protein 6.3 + 0.8 6.8 + 0.2 NS 
(gm/dl) 

Lymph protein 44 +05 5.1 + 0.6 NS 
(gm/dl) 





There were no changes with time for venous pres- 
sure, hematocrit, plasma protein, or lymph protein in 
association with angiotensin II infusion for the preg- 
nant or nonpregnant ewes (p > 0.1). 


Comment 


An understanding of fluid dynamics during preg- 
nancy is important because appropriate fluid retention 
is associated with improved perinatal outcome.®* ° Fur- 
thermore, many clinical conditions such as preterm la- 
bor, heart disease, kidney disease, and preeclampsia are 
characterized by alterations of the total amount of fluid 
retained or its distribution. For instance, preterm labor 
is characterized by an expansion of blood volume less 
than that of the normal pregnant women who is deliv- 
ered at term. In contrast, preeclampsia is characterized 
ty a total fluid retention within normal limits, but it is 
cistributed chiefly to the interstitium when the disease 
is more pronounced." 

The present finding of a relatively decreased lymph 
flow in response to angiotensin I] infusion in pregnant 
animals as compared with nonpregnant animals is rel- 
evant to the problem of fluid dynamics during preg- 
nancy. This is because it is compatible with pregnancy- 
associated hyporesponsiveness of the lymphatics to 
pressor hormones as a possible mechanism for inter- 
stitial fluid retention. For instance, a 5% lower fluid 
transport by the lymphatics may result in an interstitial 
fluid retention of ~100 ml/day; thus in a few days it 
could produce the retention of a significant amour of 
fluid and protein. One might argue that the increased 
lymph flow resulted from the increase in arterial pres- 
sure observed with the angiotensin II infusion. How- 
ever, angiotensin II acts on the smaller arterioles and 
does not affect veins," so we would not expect an effect 
on the capillary hydrostatic pressure. The lack of ve- 
nous pressure change can be used as indirect evidence 
that the hydrostatic capillary pressure was not signifi- 
cantly changed. If the origin of the increase in lymph 
flow were the intravascular fluid, we would have ex- 
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pected a change in the microhematocrit in splenecto- 
mized animals. Furthermore, in experiments in which 
a greater transfer of fluid is obtained by increasing the 
local blood flow, there is a.delay before the increase in 
lymph flow is apparent.” In addition, there were no 
changes in interstitial fuid pressure (as reflected by a 
lack of changes in venous pressure) or in the plasma 
or lymph protein concentrations (therefore the oncotic 
pressures remained stable). Thus with these direct and 
indirect measurements all parameters suggest that the 
increased lymph flow did not originate from the sys- 
temic circulation. Another possibility is that the excess 
lymph originated by mobilization of interstitial fluid; 
however, the lack of change in venous pressure strongly 
suggests that interstitial fluid pressure remained stable ` 
during the angiotensin II infusion. 

We speculate that the decreased response to angio- 
tensin II seen in pregnancy results in a decrease in 
lymph flow. Although the absolute values for lymph 
flow (expressed as milliliters per minute per kilogram) 
are not different for pregnant and nonpregnant ani- 
mals in these results or in our previous study,” if a 
correction factor for the placenta, fetus, and amniotic 
fluid weights is used, the pregnant animals display a 
20% lower.lymph flow rate. The mechanism may in- 
volve a down-regulation of angiotensin II receptors 
similar to that thought to occur during pregnancy in 
rabbits. Another possible mechanism could be the re- 
lease and/or synthesis of compounds with vasodilator 
capability produced by angiotensin II infusion during 
pregnancy; it is well known that blocking prostaglandin 
production produces a disappearance of the angio- 
tensin II resistance of pregnancy." 

Mechanisms other than alterations in the lymph flow 
rate can be postulated to explain edema formation dur- 
ing pregnancy. For instance, estrogen increases capil- 
lary permeability, thus augmenting the fluid and pro- 
tein transferred across the capillary wall. The admin- 
istration of fluid also produces an increase in the 
capillary passage of fluid; however, the steady state is 
maintained by a severalfold increase in the lymph flow 
rate, resulting in no net fluid retention in the intersti- 
tium.” For fluid and protein to be retained in the in- 
terstitium, it is also necessary that there be changes in 
the interstitial fluid space compliance. In this manner 
the interstitial space may contain more fluid without 
increasing the pressure. Otherwise, the elevation in in- 
terstitial fluid pressure would produce an increase in 
the lymph flow rate. Estrogen infusion produces fluid 
retention, mainly in the interstitium, '® and the decrease 
of physiologic concentration of estrogen by castration 
in sheep decreases interstitial fluid space compliance." 
The fluid and protein retention occur until a critical 
interstitial fluid volume is reached beyond which the 
interstitial pressure increases at the same rate as that 
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ofa nonpregnaht animal. At this time.the lymph flow 
rate and the response. to fluid infusion return to nor- 
mal, as demonstrated:by us iri the pregnant sheep." 

In conclusion, pregnancy in Sheep i is associated with 
a decreased lymph flow rate response to angiotensin II 
infusion, a phenomenon similar to the response ob- 
served in.the systemic circulation. This hyporespon- 
siveness may play a role in the fluid retention of preg- 
nancy. 
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Atrial natriuretic factor: The effects of pregnancy and a 


high-salt diet on atrial levels 


Lony C. Castro, MD, Chander P. Arora, PhD, Jane L. Davis, MD, Calvin J. Hobel, MD, 


and Hassan Parvez, PhD 
Los Angeles, California, and Paris, France 


The chronic and relatively acute changes in blood volume that occur during pregnancy and post partum 
may be associated with alterations in the content of atrial natriuretic factor in the atria. We measured the 
concentration of atrial natriuretic factor in the right and left atria of virgin, pregnant, and postpartum 
Sprague-Dawley rats by radioimmunoassay as well as the concentration of atrial natriuretic factor in the 
atria and plasma of term pregnant rats on a high-salt diet. Neither right nor left atrial concentrations of 
atrial natriuretic factor were.elevated during pregnancy in animals on a normal diet, but both were 
increased during the first 2 days after delivery. Term pregnant rats on a high-salt diet showed a small 
increase in atrial natriuretic factor levels in the left atria only,. without any change in plasma atrial natriuretic 
factor levels. We conclude that relatively acute changes in fluid and electrolyte balance are more likely 
than chronic ones to be associated, with alterations in atrial natriuretic factor concentrations in the atria. 


(Am J Opstet GYNECOL 1989;161:1620-3.) 


Key words: Atrial natriuretic factor, pregnancy, rats, blood volume 


Atrial natriuretic factor (ANF) is a family of peptides 
secreted by the heart that is involved in fluid and eléc- 
trolyte homeostasis.! The cardiac atria of nonpregnant 
mammals respond to acute and chronic blood volume 
expansion with an increase in the synthesis and release 
of ANF* ANF in turn decreases the blood volume 
sensed by the atria through its effects on the vascular, 
renal, and endocrine systems.** 

Normal pregnancy in both humans and rats is a state 
of chronic volume expansion,®* 7 and rats have been 
widely used as a model to study the interactions between 
ANF and blood volume. We have previously reported 
tiat plasma ANF levels are not elevated in the pregnant 
rat at term, when blood volume expansion is maximal, 
but increase. during the first 48 hours post partum.® 
This has led us to suggest that factors other than blood 
volume may play a role in the regulation of the release 
of ANF during pregnancy and after delivery. 

However, atrial ANF content does not always change 
in parallel with plasma levels as it represents the dif- 
ference between ANF synthesis and secretion.” ° 
Therefore, information about the concentration of 
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ANF in the atria in addition to Riowledge with regard 
to plasma levels is necessary to determine whether ei- 
ther. pregnancy or the puerperium is associated with 
an alteration in atrial ANF synthesis. , 

In this study, we measured the concentration of ANF 
in the right and left atria of virgin, pregnant, and post- 
partum Sprague-Dawley rats to determine whether the 
chronic and relatively acute changes in blood volume 
associated with pregnancy and the early puerperium 
alters the concentration of ANF in the atria. Atrial and 
plasma ANF levels were also measured in a subgroup 
of pregnant rats placed on a high-salt diet to evaluate 
whether the atria of the term'pregnant rat are able to 


alter ANF synthesis or secretion in response.to a sodium 


load. 


Material and methods 


Animals studied. A total of 55 virgin, timed preg- 
nant, and postpartum Sprague-Dawley rats (Simonsen, 
Gilroy, Calif.) from 10 to 16 weeks old were used iri 
this study. The experimental protocol was approved by 
the animal research committee. All animals were 
housed =6 days before study in an environment in 
which light and temperature were controlled. The an- 
imals were studied during proestrus (determined by 
vaginal smear) and on days 11 to 15, 18, and 21 of 
pregnancy (term was day 21). Post partum they were 
studied between 0 and 24 hours, 25 to 48 hours, and 
30 days after delivery. A total of 48 rats received a 
“normal” diet that consisted of standard rat chow with 
free access to tap water. A total of 7 rats received stan- 
dard rat chow and tap water on days | to 16 of preg- 


Volume 161 
Number 6, Part | 


nancy. The drinking water was then replaced with 1% 
sodium chloride from days 17 to 21 (high-salt diet). 

Blood and tissue preparation. After the rats were 
killed by cervical dislocation, 2 to 2.5 ml of blood was 
obtained from the abdominal aorta and placed in 
chilled tubes that contained ethylenediaminetetraacetic 
acid (1 mg/ml) and aprotinin (500 kallikrein-inhibitor 
U/ml, Sigma Chemical Co., St. Louis, Mo.). The plasma 
was separated by centrifugation, extracted on C-18 Sep- 
Pak cartridges (Waters Associates, Milford, Mass.) and 
assayed for ANF. The plasma ANF levels measured in 
the animals on a normal diet have been previously re- 
ported.® 

Immediately after blood oning the right and left 
atria were dissected in situ, snap frozen in liquid’ nitro- 
gen, and stored at — 50° C until they were processed. 
The atria were extracted under acidic conditions to 
minimize proteolytic degradation. Two milliliters of 
boiling 1.0 mol/L acetic acid was added to each frozen 


tissue sample. The tissue was then homogenized, placed . 


in a boiling water bath for 10 minutes, cooled on ice, 
and centrifuged at 30,000 g for 30 minutes at 4° C. 
Half of the resultant supernatant was used for protein 
determinations and half was dried in a Speed Vac con- 
centr ator (Savant Instruments, Hicksville, N.Y:) and 
stored at — 50° C until determination of ANF content 
by radioimmunoassay (RIA). To evaluate ANF recov- 
eries in tissue extracts, atrial samples were homoge- 
nized in acetic acid and divided. ANF 99-126 (Peninsula 
Laboratories, Belmont, Calif.) was then added to half 
of each sample at a concentration that was severalfold 
greater than that present in the atria. The tissue sam- 
ples were then processed as described above and the 
concentration of ANF was determined by RIA. 

RIA for ANF. Tissue and plasma concentrations of 
ANF were measured with a double antibody RIA, the 
details of which have been previously published.* This 
assay uses a rabbit anti-ANF antiserum that cross-reacts 
100% with ANF 99-126. The intra- and interassay vari- 
abilities were 4% and 8%, respectively. Extraction re- 
coveries in plasma were 93% + 3% (n = 10). Extrac- 
tion recoveries in tissue were 78% + 1% (n = 6). Re- 
sults are not corrected for recoveries. Protein concen- 
trations were measured with the Bradford method."! 

Statistics. Results are expressed as the mean + SEM. 
Differences between groups were.analyzed with either 
the one-way or two-way analysis of variance with the 
Newman-Keuls test or the paired or unpaired Student 
t test. A p value <0.05 was considered significant. , 


Results 

The ANF concentrations in the right and left atria 
of virgin, pregnant, and postpartum Sprague- Dawley 
rats are shown in Figs. 1 and 2, respectively. Neither 
right nor-left atrial ANF concentrations changed sig- 
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Fig. 1. Concentration of ANF in right atria of virgin (V), preg- 
nant (P), and postpartum (PP) Sprague-D awley rats. Double 
star, p < 0.01 versus virgin rats, 11- to 15-, 18-, and 21-day 
pregnant rats; p < 0.05 versus 30-day postpartum rats. Star, 
p< 90.01 versus virgin rats, 11-.to 15- and 2l-day pregnant 
rats; p < 0.05 versus 18-day pregnant rats and 50-day post- 
partum rats, 


nificantly during pregnancy and they were not signif- 
icantly elevated, compared with those in virgin rats. 
During the first 2 days post partum, atrial ANF levels 
increased twofold to threefold and returned toward 
levels present in virgin rats by 30 days post partum. At 
no time was there any significant difference between 
right and left atrial ANF concentrations; ANF levels in 


both atria showed similar patterns of change. 


‘Table I shows the effects a high-salt intake over a 4- 
day period at the end of pregnancy had on atrial and 
plasma ANF concentrations. The eight pregnant rats 
on a normal diet represent a subgroup of animals for 
which plasma ANF values have been previously re- 
ported.® The high-salt intake produced a modest but 
significant elevation in left atrial ANF concentration. 
There was no significant alteration in right atrial or 
plasma ANF levels. 


Comment ` 
` Atrial stretch appears to be the primary determinant 
of ANF release,'? but other factors such as blood pres- 
sure and myocardial work" may be important in the 
regulation of ANF synthesis and secretion in vivo. We 
previously showed that plasma ANF levels are elevated 
on days 16 to 18 of pregnancy and during the first 2 
days post partum, but are comparable to those in virgin 
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Fig. 2. Gonen of ANF in left atria of virgin (V), preg- 
nant (P), and postpartum (PP) Sprague- -Dawley rats. Star, 
ps < 0.05 versus 11: to 15-, 18-, and 21-day pregnant rats. 


Table I. 21-day pregnan! rats 


Normal diet High-salt dict 
n= 8 na 7: 





l ANF, right átria (ug/mg 


1.0 + 0.2 1.2 £ 0.5 
protein) ' DA mah 
ANF, left atria (ng /mg: 12+ 0.1 1:8 + 0.2* 
` protein) ies å 

ANF, poma (Pg!) 63 + 6 53 +°8 





*p <0. 05 versus left atria, normal diet. 
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rats on days 11 to 15 and 21 of pregnancy.* These 
findings, coupled with the lack of significant change in 
the concentration ‘of ANF in the right and left atria 
during pregnancy reported here, suggest | that during 
the second half of pregnancy any changes in the zate 
of secretion .of ANF are accompanied by similar 
changes in the’ rate of ANF synthesis by the atria. These 
data also suggest that ‘the chronic blood volume’ ex- 
pansion present in the term pregnant rat (day. 2.) is 
not associated with any significant change i in atrial ANF 
synthesis or secretion when compared to the virgin rat. 
We previously proposed that this may be a result of the 
decrease in blood, pressure" and’ cardiac index,” which 
have been reported to occur after day 19 of pregnancy. 
These changes could conceivably result in alterations 
in ‘myocardial work and atrial stretch opposite to those 
expected by volume expansion alone. However, our 
data do not rule‘out the possibility that iri the term 
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pregnant rat an increase in the synthesis and secretion 
of ANF could be accompanied by-an equal increase in 
ANF clearance or volume of distribution, resulting in 
tissue and plasma ANF levels that are similar to those 
in'the virgin rat. The data reported hére confirms a 
previously published study’ that did not show: changes 
in rat atrial ANF content during pregnancy as mea- 
sured with a bioassay. However, our data are in dis- 
agreement with a study” in which cardiac ANF levels 
were found to be elevated at term, whereas plasma 
levels were decreased. A possible. explanation for this 
difference is that the term pregnant rats in our study 
were in labor and the accompanying hemodynamic 
changes may have increased ANF secretion when com- 
pared wip nonlaboring animals ata similar gestational 
age.” . 

ANF levels in the atria were daaa during the first 
48 hours post partum, a time whén plasma AN F levels 
are known to be high. There aré at least two possible 
reasons for this. After delivery there is closure of the 
utéroplacental shunt with a probable elevation in blood 
pressure and incréase in myocardial work. The resul- 
tant increase in ANF secretion may then be coupled 
with an-even greater increase in ANF synthesis and a 
concomitant rise in. the amount of ANF stored in the 
atria. Similar changes i in the syrithesis and secretion of 
ANF have been reported to occur during the devel- 
opment of spontaneously hypertensive rats.'° Alter- 
natively, closure of the “‘uteroplacental shunt may be 
associated with a significant decrease in the clearance 
of ANF from the circulation. The increase in ANF 
levels. seen in the atria may then reflect a decrease in 
ANF: secretion. Reports that confirm the presence of 
ANF receptors in the human placenta's and of an um- 
bilical arteriovenous difference in plasma ANF levels” 
lend support for the concept of the placental circulation 
as. a possible site of ANF clearance. a 

The observation that left atrial ANF levels increased 
after 4 days of sodium loading, whereas plasma ‘levels 
did not change, suggests that the term pregnant rat 
retains ‘the ability to respond to. relatively ‘short-term 
changes in sodium intake with alterations in the syn- 
thesis of ANF even though ANF secretion did not ap- 
parently change. Sodium loading i in spontaneously hy- 
pertensive rats has. been reported to be associated with 
increased plasma’ ANF levels orily during the first 24 
hours after the initiation of the high-salt diet. ANF 
levels were not elevated thereafter.” In a more recent 
study, pregnant and nonpregnant uninephr ectomized 
rats ‘treated for 3 weeks with deoxycorticosterone 
and a high- -sodiurh diet showed no alterations i in plasma 
ANF levels; however, the concentration of ANF in the 
atria was not measured.” The dissociation we observed 
between left and right atrial ANF levels in response to 
the high-sodium diet is of interest in light of a report 
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that levels of ANF messenger ribonucleic acid in male 
Wistar rats are elevated in the right atria but not in the 
left atria after 1 week of a high-sodium diet.” Whether 
our findings represent a true difference in the response 
of pregnant versus nonpregnant rats to a sodium load 
or merely reflect differences in experimental protocols 
remains to be determined. 

Whereas a definitive conclusion about any alteration 
in ANF synthesis that may occur during pregnancy or 
post partum will require a knowledge of the levels of 
ANF messenger ribonucleic acid, it appears that rela- 
tively acute changes in fluid and electrolyte balance are 


more likely than chronic ones to be associated with. 


alterations in atrial ANF concentrations. 
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Is a decrease in plasma oncotic pressure enough to explain the 


edema of pregnancy? 


Guillermo J. Valenzuela, MD 


Loma Linda, California 


The balance of fluid across capillaries is given by the Starling equation. Because the plasma protein 
concentration (one of its components) is decreased in pregnancy, we decided to explore the question as to 
whether hypoproteinemia with intact protein mass (produced by blood volume expansion) or 
hypoproteinemia with decreased total protein mass (produced by removal of circulating proteins) alters the 
oncotic pressure differences across capillaries. We calculated the oncotic pressure difference obtained in 


seven nonpregnant ewes during periods of normoproteinermia and hypoproteinemia; the influence of fluid 
infusion under both conditions was also observed. There was an increase in the oncotic pressure 
difference across the capillary wall during hypoproteinemia produced by a decrease in the total protein 
mass (p < 0.01); however, the response to hypoproteinerria produced by fluid infusion was similar 

(p > 0.1). The venous pressure (used as an index of interstitial fluid pressure changes) did not differ in 
either hypoproteinemia or fluid infusion. Capillary permeab lity was decreased during hypoproteinemia, as 
evidenced by a higher lymph/protein ratio of labeled albumin during the control period (p < 0.05). In 
conclusion, during a state of decreased plasma protein concentration similar to that of pregnancy, the 
difference in the oncotic pressure and hydrostatic pressure forces acting to prevent transfer of fluid to the 
interstitium is increased. Therefore other factors that influence fiuid transfer across the capillaries must be 
investigated to explain the edema of pregnancy. (Am J Osstet Gynecot 1989;161:1624-7.) 


Key words: Oncotic pressure, fluid balance, edemz. 


Human pregnancy is characterized by many changes 
in fluid homeostasis including the retention of several 
liters of fluid in the interstitium.’ Under normal con- 
ditions the fluid balance across the capillaries follows 
the Starling equation, with hydrostatic capillary pres- 
sure and the interstitial fluid oncotic pressure forcing 
fluid out of the capillary, and the plasma oncotic pres- 
sure and interstitial fluid pressure driving the fluid into 
the capillary. The resulting net movement of fluid and 
protein is toward the interstitium, from where it is then 
returned to the systemic circulation via the lymphatics.? 
In the nonpregnant state normal regulatory mecha- 
nisms maintain fluid balance with a variability of <1%, 
despite wide variations in daily water intake’; therefore, 
the interstitial fuid retention seen during pregnancy 
must be a result of alterations in the components of 
the Starling equation. Arterial pressure is decreased, 
whereas central venous pressure is unchanged during 
pregnancy‘; therefore, capillary hydrostatic pressure is 
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probably not increased. Thus the edema cannot be ex- 
plained by hydrostatic forces. For these reasons, we 
decided to test the hypothesis that a decrease in the 
plasma oncotic pressure in a nonpregnant animal 
would be accompanied by a decrease in the oncotic 
pressure difference across the capillary wall and would 
favor the retention of fluid in the interstitial space—a 
finding that would help to explain the edema of preg- 
nancy. The data used in this experiment have been 
reported in detail elsewhere,’ with the exception of the 
calculations that were made for the oncotic pressure 
measurements, and the data on labeled albumin ap- 
pearance in the lymph. 


Material and methods 


The experiments were performed on seven non- 
pregnant ewes that were obtained from a local breeder 
and housed in standard laboratory conditions. After 
general anesthesia was induced the surgery was per- 
formed as described in detail elsewhere.® The vessels 
catheterized included the femoral artery and vein, the 
left thoracic duct lymphatic, a tributary of the internal 
jugular vein, and the left jugular vein. 

Experimental protocol. The experiments were con- 
ducted on postoperative day 4 and postoperative day 
9. Labeled albumin (10 Ci) (Mallinckrodt, St. Louis, 
Mo.) was injected and samples from both the plasma 
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Fig. 1. Differences in oncotic pressure across capillaries are represented during period of normo- 
proteinemia (continuous line) and hypoproteinemia (dolled lines). Vertical lines represent infusion of 
fluid. Oncotic pressure differences are significantly higher during hypoproteinemia. 


and lymph was obtained. at 60 minutes for counts. 
A normoproteinemic control period of 30 minutes 
preceded an infusion of 6% of body weight of isos- 
motic intravenous fluid (Isolyte, Abbott Laboratories, 
North Chicago, Ill.) administered over 20 minutes. 
Lymphatic flow measurements and plasrna protein 
samples were obtained every 10 minutes throughout 
the experiment. There was a 20-minute recovery pe- 
riod. Plasma and lymphatic protein concentration levels 
were determined by a standard manual refractometer 
` (American Optical, Keene, N.H.). The venous pressure 
was measured on a continuous basis. Subsequently, the 
lymphatic fluid was allowed to drain to the exterior for 
5 days. A similar protocol of fluid infusion was repeated 
on postoperative day 9. In four animals, the protein 
concentrations that were obtained by refractometry 
were confirmed by measurement of the protein con- 
centrations with the Lowry method in some of the 
samples. 

The different protein fraction concentrations were 
measured and found unaltered. 

Oncotic pressure calculations. In the samples that 
were obtained during the control period and at the time 
of peak lymphatic flow, we found that there was no 
alteration in the protein fraction that was transferred 
to the interstitium during the hypoproteinemic control 
period or during the peak fluid infusion period. We 
calculated the oncotic pressure with the formula de- 
veloped by Demling et al.” in which: 


T, = 2.47* (LPC) + 0.51,, = 2.22* (PPC) + 1.87 


where m, = lymphatic oncotic pressure, LPC = lymph 
protein concentration, m, = plasma oncotic pressure, 
and PPC = plasma protein concentration. The albu- 
min counts were expressed as counts per minute per 
milliliter and the results were expressed as lymph/pro- 
tein ratio. 


Results 


The oncotic pressures for plasma during the normo- 
proteinemic and hypoproteinemic period were 21.9 + 
1.4 mm Hg (day 1) and 12.5 + 1.7 mm Hg (day 5) 
(p < 0.01), and 15.1 + 1.2 and 7.5 + 1.4 mm Hg 
(p < 0.01) for the lymph on days 1 and 5, respectively. 
The average + SE values for the differences in the 
oncotic pressure results during the baseline period and 
during the time of fluid infusions are presented in Fig. 
1 (values obtained at 10-minute intervals). The re- 
sponses to fluid infusion were identical when the nor- 
moproteinemic and hypoproteinemic periods were 
compared (p > 0.1). The venous pressures for the nor- 
moproteinemic control period and fluid infusion were 
9.8+0.1 mm Hg (SE) and 14.6 + 0.9 mm Hg, 
whereas the corresponding values for the hypopro- 
teinemic period were 7.4 + 0.1 mm Hgand 11.6 + 0.6 
mm Hg (a nonsignificant difference when normopro- 
teinemic and hypoproteinemic groups are compared). 
The labeled albumin lymph/plasma ratio was 0.4 + 
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0.01 for the control period and 0.30 + 0.15 for the 
hypoproteinemic period (p < 0.05). 


Comment 


Human pregnancy is characterized by many cardio- 
vascular changes including a 40% increase in blond 
volume and the retention of several liters of fluid in 
the interstitium.' Although the causes for this fluid re- 
tention are largely unknown, Longo’ has proposed that 
an increase in the circulating concentration of estradiol 
and other hormones or the placenta acting as an ar- 


teriovenous shunt may be the mechanism(s) responsible _ 


for these changes. The understanding of fluid balance 
during human pregnancy is of vital importance because 
abnormalities in fluid homeostasis are associated with 
significant perinatal morbidity and mortality." ° Fluid 
administration in the nonpregnant state results in fluid 
transfer to the interstitium, a decrease in the lymphatic 
oncotic pressure (which decreases the forces moving 
fluid into the interstitium), and an increase in the 
plasma oncotic pressure. The interstitial fluid increase 
results in increased interstitial hydrostatic pressure, and 
increases the lymphatic flow rate severalfold.* Further- 
more, the increase in interstitial fluid augments the 
hydrostatic forces that tend to move the fluid back into 
the intravascular system. Thus, after a short interval 
the balance is reestablished. The increase in hydrostatic 
pressures as a result of the volume alterations also pro- 
duces an increase in urinary output, which returns vol- 
ume to baseline. The interesting fact about fluid bal- 
ance during pregnancy is that there is an alteration of 
the phenomena described above, with resulting fluid 
retention. Although there are many vascular changes 
in the renal circulation, the responses to fluid or salt 
challenges remain unchanged from the nonpregnant 
subjects.” Furthermore, many maternal diseases such 
as premature labor and preeclampsia are characterized 
by alterations in fluid retention or distribution.® ° 

Neither pulmonary wedge pressure,’ nor venous 
pressure were altered during hypoproteinemia; there- 
fore, we should expect a decrease in the total force 
retaining the fluid in the intravascular system; The in- 
dex of pulmonary wedge pressure plus plasma oncotic 
pressure has been used to predict survival in a hest of 
pathologic states including burns, sepsis, and cardiac 
failure"; this index has also been adopted for use in 
the management of preeclampsia."* The present find- 
ings of an increase in oncotic pressure gradient across 
the capillaries with hypoproteinemia, without a change 
in the hydrostatic pressure, would leave the pulmo- 
nary wedge pressure—oncotic pressure difference un- 
changed during hypoproteinemia. 

The results of the foregoing experiment appear to 
conflict with the data obtained from Oian et al.’ who 
determined the oncotic pressure differences across the 
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capillaries in normal pregnancy and in the preeclamptic 
state. Our findings also differ from results obtained by 
Brace and Christian" who, with skin segments from 
pregnant animals, described a decrease in the differ- 
ence in oncotic pressure across the capillaries in the 
guinea pig, an animal that displays fluid retention in 
pregnancy. There were no changes in oncotic pressure 
noted in sheep, a species that. shows only modest 
changes in blood volume during pregnancy. A major 
factor that may explain the differences in results is that 
the aforementioned authors‘ conducted the experi- 
ments in skin; however, skin contributes only a modest 
amount to total bocy lymphatic circulation. In contrast, 
our test were performed by obtaining estimates of 
whole body oncotic pressure differences. 

The present finding of a decrease in the lymph/pro- 
tein ratio of labeled albumin after hypoproteinemia 
suggests that a decrease in the permeability surface area 
may be the mechanism responsible for the maintenance 
of the plasma lymph oncotic pressure difference. 

We interpreted the findings of maintained oncotic 
pressure differences during fluid infusion in a hypo- 
proteinemic state as evidence that the bulk flow across 


‘the capillaries does not play a major role in the oncotic 


pressure difference. For instance, the decrease in 
lymph flow observed during hypoproteinemia indicates 
that the fluid transfer across the capillaries is de- 
creased; therefore the convectives component of pro- 
tein transfer would be decreased. When we increased 
the bulk flow across the capillaries by the fluid infusion, 
we found a mainzenance of the oncotic pressure dif- 
ference. 

In conclusion, hypoproteinemia does produce an al- 
teration in capillary permeability that protects the on- 
cotic pressure differences. The present results also sug- 
gest that convective forces are less important than per- 
meability in the transfer of protein. Therefore, to 
explain the edema observed during pregnancy it is nec- 
essary to postulate that there is an alteration in whole 
body capillary permeability. 
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Treatment of oophorectomized guinea pigs with intrauterine 
17B-estradiol pellets may modulate myometrial 
8-adrenergic receptor binding properties 


Christos G. Hatjis, MD, David M. Grogan, BA, and Donald R. Koritnik, PhD 


Winston-Salem, North Carolina, and Columbus, Ohio 


intrauterine 17B-estradiol pellets can induce an up-regulation of guinea pig myometrial B-adrenergic 
receptor density and /-isoproterenol~dependent adenylate cyclase activity. Does 178-estradiol influence 
the ability of B-adrenergic receptors to form a “high affinity” state with /-isoproterenol, whica is a necessary 
step for adenylate cyclase activation? Nonpregnant, oophcrectomized guinea pigs received intrauterine 
pellets of either placebo, 17f-estradiol, progesterone, or 176-estradiol plus progesterone for 1 week. 
178-Estradiol resulted in pharmacologic, whereas progesterone resulted in physiologic plasma 

178 -estradio! and progesterone concentrations, respective y. The affinity of myometrial 

f-adrenergic receptors for /-isoproterenol was measured by percentage of inhibition of ~[*l]cyanopindolol 
binding. In all groups, the competition curves in the presence of magnesium chloride could be resolved 
into two affinity states of the B-adrenergic receptor, “high” and “low,” respectively. The ratio of their 
dissociation constants was not influenced by hormonal treatment. However, the relative concentration of 
B-adrenergic receptors in the high affinity state was significantly higher in the 17B-estradiol—treated group 
than that in the control group. This correlates with the up- regulation in myometrial adenylate cyclase 
activity and suggests that myometrial B-adrenergic receptor—adenylate cyclase function may be modulated 


ty 17p-estradial. (Am J OBsTET GYNECOL 1989;161:1628-32.) 


Key words: Sex steroids, myometrial B- -adrener gic receptor affinity states, nonpregnant 


guinea pigs 


Myometrial contractility is regulated by the interac- 
tion between the hormonal milieu and the function of 
several stimulatory and inhibitory membrane recep- 
tors.' A major class of membrane receptors that inhibits 
myometrial contractility is the B-adrenergic receptor. 
Stimulation of B-adrenergic receptors in human or an- 
‘mal myometrium by -adrenergic receptor agonists 
results in an increase in adenylate cyclase activity and 
high levels of intracellular 3’5’-cyclic adenosine məno- 
phosphate. The latter is a second messenger that ini- 
tiates a series of events leading to smooth muscle re- 
laxation. 

The B-adrenergic receptor~adenylate cyclase sys- 
tem consists of at least three separate proteins: B- 
adrenergic receptor, guanosine nucleotide regulatory 
protein, and the catalytic moiety of the enzyme.’ We 
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and others? have shown that the interactions between 
B-adrenergic receptor agonists (but not antagonists) 
and f-adrenergic receptor in mammalian tissues facil- 
itates the binding of magnesium to guanosine nucleo- 
tide regulatory protein, resulting in the formation of a 
stable high affinity state of the receptor. From a func- 
tional standpoint there apears to be a direct relationship 
between the ability to form the high affinity state of the 
B-adrenergic receptor and the ability to activate ade- 
nylate cyclase.? l 

In pregnant guinea pigs at =0.9 of term gestation 
(term, 65 days), there is an up-regulation of the ability 
of myometrial 8-adrenergic receptor to form this high 
affinity state.> We have also reported that in oophorec- 
tomized guinea pigs, myometrial B-adrenergic recep- 
tor concentration increases after exposure to local 
17B-estradiol pellets.* Finally, we have shown that 
myometrial B-adzenergic receptor dependent adenyl- 
ate cyclase stimulation is higher in oophorectomized 
guinea pigs after exposure to intrauterine 178- 
estradiol pellets, as compared with placebo-treated 
controls or animals exposed to progesterone pellets 
alone. Thus we have asked the question whether 
17B-estradiol intrauterine pellets may influence the 
ability of the B-adrenergic receptor to form a high af- 
finity state with Lisoproterenol, a necessary step for 
adenylate cyclase activation. To answer this question 
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we have performed a series of competition studies in 
which we have examined the degree of inhibition of 
~[Ijcyanopindolol binding by -isoproterenol in the 
presence of magnesium chloride with or without gua- 
nosine triphosphate in myometrial membranes ob- 
tained from oophorectomized guinea pigs treated with 
either 17B-estradicl, progesterone, 17B-estradiol plus 
progesterone, or placebo intrauterine pellets. 


Material and methods 


Material. All chemicals were of reagent grade and of 
the highest purity available. —['*I]cyanopindolol (2.2 
Ci/pmol), a specific B-adrenergic receptor antagonist, 
was purchased from New England Nuclear (Boston, 
Mass.) on a monthly basis. 

Animals. Nonpregnant Hartley nulligravid guinea 
pigs that weighed 600 to 700 gm were obtained from 
Perfection Breeders (Douglasville, Pa.). They were 
housed in the Animal Resources Department facilities 
(14 hours light, 10 hours darkness per day). 

Animal surgery. Details of animal surgery have been 
previously described in detail.’ Briefly, under anesthe- 
sia’ induced by ketamine-xylazine bilateral oophorec- 
tomies were performed. A total of 14 days later, under 
anesthesia, hysterotomies were performed and intra- 
uterine pellets of 17B-estradiol (0.75 mg), progesterone 
(15 mg), 17B-estradiol plus progesterone, or placebo 
were inserted into the uterine cavities of each horn. 
Animals were distributed randomly to each of the treat- 
ment groups, After 7 days of treatment, the animals 
were anesthetized again and were killed. 

Tissue collection. Details of tissùe collection were as 
previously described." Uterine tissue obtained at death 
was frozen in liquid nitrogen and stored at —70° C 
until its use. Freezing did not have any significant ef- 
fects on §-adrenergic receptor binding characteristics. 

Tissue preparation. Details of tissue preparation 
have been previously described.*“ Briefly, uteri were 
allowed to thaw in ice-cold buffer A containing 0.005 
mol/L ethylenediaminetetraacetic acid (EDTA), 0.025 
mol/L sucrose, 0.9% sodium chloride, and 0.02 
mol/L tris(hydroxymethyl)-aminomethane hydrochlo- 
ride (Tris HCl), pH 7.5.. The uterus was minced with 
scissors and sonicated with a Brinkmann Polytron ho- 
mogenizer (Brinkmann Instruments, Westbury, N.Y.). 
After filtration, the homogenate was centrifuged at 
80,000 g (15 minutes at 4° C). The supernatant was 
discarded and the pellet was resuspended in buffer B 
containing 0.9% sodium chloride, 0.02 mol/L Tris HCl, 
pH 7.5, and 10 mmol/L magnesium chloride. The sus- 
pension was recentrifuged as before. The final pellets 
were then resuspended in ice-cold buffer B. 

Binding studies. An aliquot of the final pellet (5 
to 45 wg of protein per tube) was incubated with 
—['*I]cyanopindolol and appropriate drugs as previ- 
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Table I. Guinea pig uterine weights 





Uterine 


Hormonal treatment weight (gm) 








Placebo (n = 3) 0.78 + 0.01*} 
Estradiol (n = 4) 1.99 + 0.25* 
Progesterone (n = 5) 1.27 + 0.21 
Estradiol plus progesterone (n = 4) 1.90 + 0.12f 
Values are mean + SEM. 
*p = 0.01 by Newman-Keuls. 
tp = 0.01 by Newman-Keuls. 
Table II. Guinea pig plasma estradiol and 
progesterone concentrations l 
) Estradiol Progesterone 
Hormonal treatment (pg/ml)* (ng/ ml)* 





Placebo (n = 3) {13.30 + 0.30} 0.53 + 0.03" 
Estradiol (n = 4) 221.83 + 45.77" 0.56 + 0.09% 
Progesterone (n = 5) [13.00 + 0.00] 2.49 + 0.41" 
Estradiol plus pro- 308.49 + 14.20°% 2,20 


gesterone (n = 4) 





Values are mean + SEM. Values in brackets were assigned 
the lowest limit of assay sensitivity. 


*Values with same superscript are significantly different. 
For estradiol, p = 0.01 for a, b, c, and e, and p = 0.05 for d 
by Newman-Keuls. For progesterone, p = 0.01 for f, g, h, and 
i by Newman-Keuls. 


ously described. To determine whether hormonal 
treatment alters the relative affinities of B-adrenergic 
receptor to /-isoproterenol, a B-adrenergic receptor ag- 
onist, we performed a series of drug competition stud- 
ies. We also examined the interaction between myo- 
metrial B-adrenergic receptor and l-propranolol, a B- 
adrenergic receptor antagonist. Binding studies were 
carried out at 35° C for 45 minutes with various con- 
centrations of /-isoproterenol or /-propranolol in du- 
plicate. —['°*I]cyanopindolol was present in concentra- 
tions of 8 to 15 pmol/L. The reaction was stopped by 
dilution with 5 ml of buffer B without magnesium chlo- 
ride. Binding was assessed by rapid filtration through 
Whatman GF/C glass fiber filters. Radioactivity was de- 
termined in a y-counter (80% efficiency). 

Specific binding of — ['*I]cyanopindolol was defined 
as the amount bound in the absence of competing 
ligand minus the amount bound in the presence of 10 
mol/L of pi-propranolol. Specific binding routinely 
represented 290% of the total ~ ['T]jcyanopindolol 
binding. Total -[!*I]Jcyanopindolol was <10% to 20% 


` of total —[!I]cyanopindolol added and did not change 


when guanosine triphosphate was added in the incu- 
bation. i 

Inhibition constants were calculated by fitting the 
data by a nonlinear, iterative, curve-fitting procedure 
with a generalized model for complex ligand-receptor 
systems (LIGAND) as initially described by Munson 
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Fig. 1. Binding curves of competition of Pugpronerandl for - ["81]cyanopindolol binding to myo- 
metrial membranes in presence of magnesium chloride (10 mmol/L) from nonpregnant, copho- 
rectomized guinea pigs treated with different intrauterine pellets: circle, control (n = 3; SEM range, 
0.51% to 6. 13%); triangle, estradiol treated (n = 4; SEM range, 1.23% to 5. 41%); square, progesterone 
treated (n = 5; SEM range, 0.46% to 1.88%); diamond, estradiol plus progesterone treated (n = 4, 


SEM range, 0.80% to 2.94%). 


Table III. /-Isoproterenol binding parameters for -adrenergic receptors in myometria of 
oophorectomized guinea pigs ` 





Magnesium chloride 


Magnesium chloride 
(10 mmol/L) plus 
guanosine 
triphosphate (250 

` pmol/L) 



















Hormonal treatment 





K, ( umol L) 








Ky (nmol/L) K, ( panol/L) 


-8:28 + 1.15” 0.38 + 0.10 
2.85 + 0.89 0.37 + 0.01 (n = 2) 
2.96 + 0.54 0.41 + 0.08 (n = 3) 





Placebo (n = 3) i a 0.381 Æ 
Estradiol (n = 4) 0.31 £ 0. 
Progesterone (n = 5) i 0.23 + 0.02 
Estradiol] plus progesterone (n = 4) 0.30 + 0.06 


Values are mean + SEM, 


and Rodbard.’ This method provided estimates for 


the affinity of the ligands for the different states of» 


the B-adrenergic receptor and for the relative pro- 
portions of ‘these states. The dissociation constants 
were designated at K,, and K, ; for the high and low 
affinity states, respectively’ The corresponding B- 
adrenergic receptor population were ie es as Ri 
and Ri Re = Ry +R. 

Hormonal studies. When the animals were killed, 
systemic blood was obtained i in heparinized syringes by 
intracardiac puncture. 178-Estradiol and progesterone 
concentrations were measured as previously described." 

Protein determinations. Protein concentrations in 
che tubes were deter mined by the method of Bradiord 
with bovine serum ‘albumin as a standard.® 

` Statistical analysis, Parameters of interest were com- 
pared with analysis of variance (one- and two-way). For 
multiple. comparisons, we used the Newman-Keuls test. 


3.16 + 0.81 . 0.37 + 0.07 (n = 3) 


The null hypothesis was that there was no significant 
difference in Ka, Kı, K,/Ky and the proportion of the 
B-adrenergic receptor in the high affinity state (R,,/R,) 
between placebo (control) animals, and animals treated 
with hormonal pellets. A p value of <0. 05 was consid- 
ered significant: 


Results 

All animals gained weight satisfactorily during the 
postoperative periods. After the placement of intra- 
uterine pellets, the vaginal openings in the animals that 
received 178-estradiol or 17ßB-estradiol plus progester- 
one pellets were noted to open within 24 to 48 hours 
of treatment. This is consistent with an estrogen- 
dependent effect: 

At the time of death, uterine weights were deter- 
mined in the treated animals. Table I shows uterine 
weights for each of the animal groups. There was a 
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significant increase in uterine weight for animals that 
received 17B-estradiol or 17B-estradio! plus progester- 
one pellets. 

Hormonal treatment resulted in pharmacologic 178- 
estradiol concentrations (Table II). In contrast, pro- 
gesterone concentrations were in the physiologic range 
for nonpregnant animals. 

Binding curves of the displacement of — ['*I]cyano- 
pindolol by Lisoproterenol were obtained for each one 
of the animals studied. Fig. 1 shows binding curves 
from animals treated with placebo, 17-estradiol, pro- 
gesterone, and 178-estradiol plus progesterone pellets 
in the presence of magnesium chloride. Each point 
on each curve represents the mean value of per- 
cent ~['*T]cyanopindolol binding at that concentration 
of lisoproterenol derived from individual binding 
curves from each animal. In the presence of magne- 
sium chloride a statistically better fit (p < 0.05) of the 
experimental data points was obtained when a two-site 
model was hypothesized instead of a one-site model. 
This was on the basis of the analysis of each of the 
binding curves by LIGAND (generalized model of com- 
plex ligand-receptor interaction).’ Estimates of the dis- 
sociation constants for the high (K,) and low (K,) af- 
finity states of B-adrenergic receptor, as well as an es- 
timate of the relative percentage of the B-adrenergic 
receptor capable of forming the high affinity state, were 
thus obtained. The results from these calculations are 
shown in Tables IIT and IV. There were no significant 
differences with regard to K, or K, between groups. 
The ratio K,/K was not different in the myometria 
obtained from animals in each of the experimental 
groups (Table IV). However, in the presence of mag- 
nesium chloride there was a significant increase in 
the percentage of the B-adrenergic receptor capable 
of forming the high affinity of the receptor in 17B- 
estradiol—treated animals as compared with placebo 
controls, Finally, when guanosine triphosphate was 
added to magnesium chloride, the best fit for the ex- 
perimental data points was obtained with a one-site 
model (low affinity). In the presence of magnesium 
chloride and guanosine triphosphate, the calculated K, 
was similar to the K,. 

Table V shows binding parameters for /-propranolol. 
In all cases, the experimental data fit better to a one- 
site model. There was no difference in K, between an- 
imal groups in the presence of magnesium chloride 
with or without guanosine triphosphate. 


Comment 


In an attempt to further delineate the interaction 
between sex steroid hormones and myometrial B- 
adrenergic receptor function, we perfomred a series of 
experiments in which we studied the ability of the myo- 
metrial B-adrenergic receptor to form the high affinity 
state with /-isoproterenol in previously oophorecto- 
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Table IV. /-Isoproterenol—“derived” binding 
parameters for B-adrenergic receptors in 
myometria of oophorectomized guinea pigs 





Hormonal treaiment Kıl Ky Rul Rr 
Placebo (n = 3) 92.14 + 2.11 0.40 + 0.06* 
Estradiol (n = 4) 140.48 + 47.84 0.57 + 0.07* 
Progesterone (n = 5) 87.69 + 13.78 0.45 + 0.02 
Estradiol plus pro- 101.51 + 16.13 0.50 + 0.01 


gesterone (n = 4) 





Mean + SEM; Ki = Kop for low affinity state and Ky = Kp 
for high affinity state in the presence of 10 mmol/L magne- 
sium chloride. 


R, and Ry corresponding -adrenergic concentrations: 
Ry +R, = Rr 
*h = 0.05. 


Table V. /-Propranolol binding parameters for 
B-adrenergic receptors in myometria of 
oophorectomized guinea pigs 










Magnesium chloride 
(10 mmol/L) plus 
guanosine 
Magnesium chloride| triphosphate (250 

(10 mmol/L) pmol/L) 


Kı (nmol/L) 








Hormonal treatment K, (nmol/L) 


Placebo (n = 3) 0.74 + 0.13 1.10 + 0.38 
Estradiol (n = 3) 0.66 + 0.13 0.90 + 0.34 
Progesterone (n = 5) 0.54 + 0.06 0.69 + 0.13 
Estradiol plus pro- 0.43 + 0.02 0.53 + 0.04 


gesterone (n = 4) 





Values are mean + SEM. 


mized guinea pigs that subsequently were treated with 
intrauterine pellets that contained either 17§-estradiol, 
progesterone, 176-estradiol plus progesterone, or pla- 
cebo. In the absence of guanosine triphosphate but in 
the presence of magnesium chloride, myometrial B- 
adrenergic receptor from all guinea pigs interacted 
with l-isoproterenol and were able to form two affinity 
states, high and low, respectively. On the addition of 
guanosine triphosphate, B-adrenergic receptor were 
converted to the low affinity state. The above were ob- 
served in all animals regardless of the hormonal or 
placebo treatment. In contrast with the results obtained 
in our previous studies in pregnant and nonpregnant 
guinea pig myometria,° a significant pregnancy effect 


_on Ky of -isoproterenol was not seen in this series of 


experiments. Moreover, the ability to form a high af- 
finity state of the B-adrenergic receptor as reflected in 
the increase of the K,/K, ratio was not detectable. The 
latter is in contrast to the results seen in pregnant an- 
imals at =0.9 of term gestation (term, 65 days).* How- 
ever, we observed a modest but statistically significant 
17B-estradiol-dependent increase in the relative con- 
centration of B-adrenergic receptor capable for form- 
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ing the high affinity state for L-isoproterenol. This was 
not seen in the animals treated with 17(-estradiol 
plus progesterone or progesterone alone. Finally, l- 
propranolol recognized one site of myometrial B- 
adrenergic receptor of uniform affinity. 

The K,/K, and R,/R, ratios might reflect similar 
attributes of the high affinity state of the myometrial 
§-adrenergic receptor. In this series of experiments and 
in our previously reported studies,’ there is a dichot- 
omy between the effects of hormonal treatment or 
pregnancy with regard to these two ratios. The reason 
for these apparently differing observations is not clear. 
It is plausible that the derived parameters might reflect 
different aspects of the interaction between the gua- 
nosine nucleotide regulatory protein//-isoproterenol. 
However, they do provide an explanation for the up- 
regulation of /-isoproterenol dependent adenylate cy- 
clase activity in guinea pig myometria of animals treated 
with 178-estradiol pellets. 

It should be noted that the increase in R,,/R; ratio 
was seen only with pharmacologic doses of 178- 
estradiol. Interestingly, on addition of progesterone, 
this ratio was indistinguishable from that seen in the 
control (placebo-treated) animals. Clearly, this phar- 
macologic treatment with intrauterine pellets is differ- 
ent from the situation in normal guinea pig pregnancy 
in that the 17§-estradiol plasma concentrations are 
severalfold higher than the concentrations seen in nor- 
mal pregnant animals and the progesterone concen- 
- trations are severalfold lower than those seen in preg- 
nant guinea pigs at =0.7 gestation. Although there are 
some similarities in the properties of B-adrenergic re- 
ceptor interaction with isoproterenol, one cannot ex- 
trapolate from the studies with hormonally treated an- 
imals and explain the observations seen in pregnant 
guinea pigs. Finally, given some inherent uncertainties 
` in the determinations of R, and R,, these conclusions 
must await further studies in which the guanosine nu- 
cleotide regulatory protein concentrations are directly 
estimated. However, the experiments we report herein 
represent the neccesary first step toward that goal. 

This is the first report in which the ability of myo- 
metrial B-adrenergic receptor to form a high affinity 
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state with B-adrenergic receptor agonists has been re- 
ported in groups of animals treated with intrauterine 
178-estradiol and progesterone. A preliminary study 
in hormonally treated rabbits via a systemic route did 
not show a significant effect on this property.’ In that 
regard, our observations confirm these studies. How- 
ever, because the previous investigators did not report 
on hormonal coricentrations, the differing results with 
regard to the R,,/Ry ratio cannot be readily explained. 

From this series of experiments, we suggest that 
in nonpregnant, oophorectomized guinea pigs, myo- 
metrial B-adrenergic receptor interaction with l- 
isoproterenol may be subject to heterologous hormonal 
regulation by local 17B-estradiol. The effects of 178- 
estradiol might be reversible by the addition of pro- 
gesterone in physiologic doses. These experiments rep- 
resent the first step toward the further characterization 
of the interaction of guanosine nucleotide regulatory 
protein and l-isoproterenol as a function of the animal’s 
hormonal milieu at a molecular level. 
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Pregnancy-induced changes in the interaction of guinea pig 


myometrial B-adrenergic receptors with /-isoproterenol 


Christos G. Hatjis, MD, and David M. Grogan, BA 


Winston-Salem, North Carolina, and Columbus, Ohio 


The ability of myometrial 8-adrenergic receptors to form a “high-affinity state” with B-adrenergic receptor 
agonists might be greater in pregnant guinea pigs at =0.9 of gestation than in nonpregnant animals. To 
determine whether this difference is due to pregnancy in general or is associated only with late pregnancy 
and to determine whether it persists in the postpartum period, we studied the interaction of /-isoproterenol 
with B-adrenergic receptors in myometrial membranes obtained from nonpregnant (nulligravid) animals, 
pregnant (primigravid) animals at 0.3, 0.7, and 0.9 to 1.0 of gestation (term 65 days), and postpartum 
guinea pigs (2 to 3 days). The affinity of myometrial -adrenergic receptors for /-isoproterenol was 
measured by percent inhibition of —['l]cyanopindolol binding. In the presence of magnesium chloride, the 
competition curves could be resolved into two affinity states of the B-adrenergic receptor, “high” and “low.” 
respectively, in all groups. The ratio of the dissociation constant of the “low'-affinity state to that of the 
“high”-affinity state was significantly higher in pregnant guinea pigs at =0.9 of gestation than in 
nonpregnant or postpartum animals and in pregnant animals of earlier gestations. In the presence of 
guanosine triphosphate only one (low-affinity) state of the receptor was detectable. Thus it is only in 
pregnant guinea pigs at 20.9 of gestation that the ability of myometrial B-adrenergic receptors to form a 
high-affinity state is enhanced. (AM J OpsTeT GYNECOL 1989;161:1633-6.) 


Key words: Pregnancy and myometrial B-adrenergic receptor affinity states 


The B-adrenergic receptor~adenylate cyclase system 
consists of at least three separate proteins: R-adrenergic 
receptor, guanosine nucleotide .regulatory protein, 
and the catalytic moiety of the enzyme.’ We? and 
others! have shown that the interaction between B- 
adrenergic receptor agonists (but not antagonists) and 
f-adrenergic receptor in mammalian tissues facilitates 
the binding of magnesium to guanosine nucleotide reg- 
ulatory protein, resulting in the formation of a stable 
“high-affinity” state of the receptor. In turn, guanine 
nucleotides block or reverse the magnesium-dependent 
formation of the “high-affinity state” of the receptor 
for the agonists and convert the receptor to a “low- 
affinity state.” From the operational standpoint, in the 
presence of §-adrenergic receptor agonists, magne- 
sium, and guanosine triphosphate, guanosine nucleo- 
tide regulatory protein is activated and stimulates the 
catalytic moiety of the complex, resulting in the for- 
mation of cyclic adenosine 3’,5'-monophosphate. Thus 
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there appears to be a direct relationship between 
the ability to form the high-affinity state of the B- 
adrenergic receptor and the ability to activate adenylate 
cyclase. 

We have previously reported that myometrial 


.B-adrenergic receptor—dependent adenylate cyclase 


stimulation is higher in guinea pigs in late pregnancy? 
(0.9 to 1.0 of gestation; term 65 days) than in non- 
pregnant or pregnant animals at 0.3 of gestation. Al- 
though there was an increase in the concentration of 
f-adrenergic receptor in this system with pregnancy, 
neither forskolin-stimulated adenylate cyclase activity," 
a measure of the catalytic moiety of the system, nor 
sodium fluoride—dependent stimulation,’ an indirect 
measure of guanosine nucleotide regulatory protein 
activation, appears to be modulated by pregnancy. 
More recently, we presented data that strongly sug- 
gested that the ability to form a high-affinity state of 
the B-adrenergic receptor was higher in pregnant an- 
imals at =0.9 of gestation than in nonpregnant con- 
trols.? We thus asked the question whether this differ- 
ential regulation of the ability of the myometrial B- 
adrenergic receptor to form a high-affinity state with 
l-isoproterenol could be seen at an earlier point in 
gestation or was retained in the postpartum period. To 
answer the question, we performed a series of com- 
petition experiments in which we examined the degree 
of inhibition of —['*I]cyanopindolol binding by l- 
isoproterenol in the presence of magnesium chloride 
with or without guanosine triphosphate. 
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Fig. 1. Binding curves of competition of /-isoproterenol for —[{'*I]cyanopindolol binding to myo- 
metrial membranes in the presence of magnesium chloride (10 mmol/L) (open symbols) or magnesium 
chloride with guanosine triphosphate (250 pmol/L) (solid symbols). Triangles, Nonpregnant (n = 5); 
circles, pregnant, 0.9 of gestation (x = 4). Note the difference in the curves obtained in the presence 
of magnesium chloride only between the pregnant animals at =0.9 of gestation and the nonpregnant 


controls, 


Table I. /-Isoproterenol binding parameters for B-adrenergic receptor in myometria from pregnant, 
nonpregnant, and postpartum guinea pigs 








Reproductive state 









K, (mol/L) 


Magnesium chloride, 10 mmol/L 





K; (pmol/L) 
(with guanosine 
triphosphate, 250 mol/L) 






Ky (nmol/L) 








Nonpregnant 5 0.590 + 0.140 16.461 + 7.139% 0.314 + 0.048 
Pregnant, 0.3 of gestation 5 0.278 + 0.050 5.676 + 1.237 0.323 + 0.053 
Pregnant, 0.7 of gestation 4 0.336 + 0.091 5.461 + 2.360 0.358 + 0.042 
Pregnant, = 0.9 of gestation 5 0.263 + 0.044 2.264 + 0.432* 0.312 + 0.045 
Postpartum (2-3 days) 4 0.258 + 0.070 3.815 + 1.249 0.362 + 0.076 





Mean + SEM. K,, Dissociation constant for “low”-affinity state; Ky, dissociation constant for “high”-affinity state; K,, dissociation 
constant for B-adrenergic receptor in the presence of magnesium chloride with guanosine triphosphate. 


*p = 0.05 by Dunnett but p = 0.1 by Newman-Keuls when Ky values of nonpregnant and pregnant (20.9 of gestation) animals 


are compared. 


Material and methods 

Material. All chemicals were of reagent grade and of 
the highest purity available. ~['*I]cyanopindolol (2.2 
Ci/mol), a specific B-adrenergic receptor antagonist, 
was purchased from New England Nuclear, Boston, on 
a monthly basis. 

Animals. Nonpregnant (nulligravid) Hartley guinea 
pigs weighing 600 to 700 gm and time-dated pregnant 
(primigravid, nulliparous) guinea pigs at 0.3, 0.7, and 


0.9 to 1.0 of gestation (term 65 days) were obtained — 


from Perfection Breeders (Douglasville, Pa.). They 
were housed in the Animal Resources Department fa- 
cilities (14 hours light and 10 hours darkness per day). 

Tissue collection. Details of tissue collection were as 


previously described.?* Uterine tissue, obtained at the 
time the animals were put to death, was frozen in liquid 
nitrogen and stored at —70° C until its use. Freezing 
did not have any significant effects on B-adrenergic 
receptor binding charcteristics. 

‘Tissue preparation. Details of tissue preparation 
have been previously described.** Uteri were allowed 
to thaw in ice-cold buffer A containing 0.005 mol/L 
ethylenediaminetetraacetic acid (EDTA), 0.025 mol/L 
sucrose, 0.9% sodium chloride, and 0.02 mol/L 
tris(hydroxymethylaminomethane) hydrochloride, pH 
7.5. The uterus was minced with scissors and sonicated 
with a Brinkman Polytron device. After filtration, the 
homogenate was centrifuged twice at 80,000 g (15 min- 
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utes at 4° C). The final pellets were resuspended in ice- 
cold buffer B containing 0.9% sodium chloride and 
0.02 mol/L Tris-HCl, pH 7.5, and 10 mmol/L mag 
nesium chloride. 

Binding studies. An aliquot of the final pellet (5 
to 45 ug of protein per tube)-was incubated with 
-—[’*]I]cyanopindolol and appropriate drugs as previ- 
ously described.” To determine whether pregnancy al- 
ters the relative affinities of B-adrenergic receptor to 
l-isoproterenol, a B-adrenergic receptor agonist, we 
performed a series of drug competition studies. Bind- 
ing studies were carried out at 35° C for 45 miriutes 
with various concentrations of Lisoproterenol in du- 
plicate. —[!*°I]cyancpindolol was present in concentra- 
tions of 8 to 15 pmol/L. The reaction was stopped by 
dilution and binding was assessed by rapid filtration 
through Whatman GF/C glass fiber filters. Radioactiv- 
ity was determined in a y-counter. 

Specific binding of —[!**I]cyanopindolol was defined 
as the amount bound in the absence of competing 
ligand minus the amount bound in the presence of 10 
mol/L of pL-propranolol. Specific binding routinely 
represented =90% of total —[!*I]}cyanopindolol bind- 
ing. Total —['*I]cyanopindolol binding was < 10% to 
20% of total ~ ['*I]cyanopindolol added. 

Inhibition constants were calculated by fitting the 
data by a nonlinear, iterative, curve-fitting procedure 
according to a generalized model for complex ligand- 
receptor systems (LIGAND) as initially described by 
Munson and Rodbard.’ This method provided esti- 
mates for the affinity of the ligands for the different 
states of the B-adrenergic receptor and for the relative 
proportions of these states. The dissociation constants 
were designated at Ky and K, for the high- and low- 
affinity states, respectively. The corresponding $- 
adrenergic receptor populations were designated as Ri 
and Ri. Rr = Ry + R,, where Ry is the total. 

Protein determinations. Protein concentrations in 
the tubes were determined by the method of Bradford’ 
with bovine serum albumin used as a standard. 

Statistical analysis. Parameters of interest were com- 
pared with analysis of variance (one-way and two-way). 
For multiple comparisons we used nonparameteric 
tests. The null hypothesis was that there were no sig- 
nificant differences in Ky, Ko Ki/Ky, and the propor- 
tion of the ®-adrenergic receptor in the high-affinity 
state (Ry/Ry) among nonpregnant animals, pregnant 
animals at various peints in gestation, and animals in 


the postpartum period. A p value of <0.05 was consid-: 


ered significant. 


Results 

Binding curves of the displacement of —[*I]cy- 
anopindolol by J-isoproterenol were obtained for each 
animal studied. Fig. 1 shows binding curves only from 
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Table II. /-Isoproterenol binding—derived 
parameters for B-adrenergic receptor in 
myometria from pregnant, nonpregnant, and 
postspartum guinea pigs 





Reproductive state K,/ Ky Rut Rr 
Nonpregnant ` 49.256 + 13.433 0.445 + 0.050 
Pregnant, 0.3 of ges- 54.413 + 3.586 0.468 + 0.027 

tation A at 
Pregnant, 0.7 of ges- 73.485 + 9.299 0.557 + 0.023 
” tation ; 

Pregnant, 0.9 of ges- 119.536 + 9.541* 0.542 + 0.032 
tation 
Postpartum (2-3 days) 75.637 + 8.802 0.487 + 0.043 





Mean + SEM. Kp, Dissociation constant for “high”-affinity 
state; K,, dissociation constant for “low”-affinity state in the 
presence of magnesium chloride, 10 mmol/L. R, and Ry are 
corresponding B- adrenergic Heeenter concentrations. Ry + 
R, = Ry. 

*Mean value of K,/K, for pregnant animals at 0.9 of ges- 
tation is significantly different from each of the other study 
groups by the Newman-Keuls test. There were no other sig- 
nificant differences. 


nonpregnant and pregnant (>0.9 of gestation) animals 
in the presence of magnesium chloride with or without 
guanosine triphosphate. Similar curves were obtained 
from all other groups. Each point on each curve rep- 
resents the mean value of the percent —[*Jcyan- 
opindolol binding at that concentration of l- 
isoproterenol derived from individual binding curves 
from each animal. In the presence of magnesium chlo- 
ride but’ in the absence of guanosine triphosphate, a 
statistically better fit (p < 0. 05) of the experimental 
data points was obtained when a two-site model was 
hypothesized instead of one. We thus obtained esti- 
mates of the dissociation constants for the high-affinity 
(Ku) and low-affinity (K,) states of B-adrenergic recep- 
tor, as well as an estimate of the relative percentage of 
the B-adrenergic receptor capable of forming the high- 
affinity state. The results from the calculations are 
shown in Tables I and II. There was a trend indicating 
that Ky was significantly different between pregnant 
animals at =0.9 of gestation and nonpregnant controls 
(Table 1). However, there was no statistical difference 
in the values of K, between groups. In contrast to the 
above, when guanosine triphosphate was added, the 
best fit for the experimental data points was obtained 
with a one-site model (low affinity}. As expected, in the 
presence of. magnesium chloride and guanosine tri- 
phosphate, the K, obtained was very similar to the K,. 
- The ratio of K, to Ky was significantly higher in the 
myometria obtained from animals at 20.9 of gestation 
than in those from the nonpregnant (nulligravid, nul- 
liparous or primigravid, animals) or pregnant animals 
at 0.3 and 0.7 of gestation (Table 11). Finally, although 
there was a trend for the percentage of the B- 
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adrenergic receptor capable of forming the high affin- 
ity of the receptor in the presence of magnesium chlo- 
ride to be higher in the pregnant animals at 0.9 to 1.0 
of gestation than in the nonpregnant or early pregnant 
groups, that difference did not achieve statistical sig- 
nificance. 


Comment 


This new series of experiments confirms our previ- 
ously presented results? and describes new significant 
observations on the interaction between guinea pig 
myometrial B-adrenergic receptor and reproductive 
states and gestational age of the animals. In the absence 
of guanosine triphosphate but in the presence of mag- 
nesium chloride, guinea pig myometrial -B- -adrener gic 
receptor interacts with /-isoproterenol and is able to 
form two affinity states, “high” and “low” affinity, re- 
spectively. On the addition-of guanosine triphosphate, 
B-adrenergic receptor is converted to the “low”-affinity 
state. These results were observed in all animals. How- 
ever, the possibility of a significant effect of pregnancy 
on Ky of Lisoproterenol was seen only in the pregnant 
animals at =0.9 of gestation. Moreover, the ability to 
form a high- -affinity state of B- -adrenergic receptor, as 
reflected i in the increase of the K,/Ky ratio, is not ob- 
served until 0.9 to 1.0 of gestation since it is only in the 
latter group‘ that this ratio is higher than that of the 
pregnant animals at 0.3 and 0.7 of gestation. Interest- 
ingly, this ratio returns to the nonpregnant level i in the 
immediate postpartum period. ° 

This is the first report where che ability of guinea pig 
myometrial B-adrenergic receptor to form a “high- 
affinity” state with a B-adrenergic receptor agonist has 
been reported at different times during pregnancy and 
the puerperium. These observations correlate well with 
our previous results concerning the up-regulation of 
B-adrenergic receptor—dependent adenylate cyclase 
activity in pregnant guinea pigs at =0.9 of gestation.’ 

The cause of this increase in the K,/Ky ratio is not 
clear. However, several hypotheses can be advanced. 
First, an interaction between locally produced or sys- 
temic sex steroid hormones, such as estradiol or pro- 
gesterone, could -influence the interaction’ between 
B-adrenergic receptor agonists and myometrial B- 
adrenergic receptor. Preliminary observations in 
hormone-treated rabbits,’ however, did not show a sig- 
nificant effect. Moreover, hormonal treatment of oo- 
phorectomized guinea pigs with local 17B-estradiol or 
progesterone did not result in any significant increase 
in the K,/Ky ratio. Thus the role of a sex steroid— 
induced B- adrenergic receptor modulation at the level 
of the: guanosine nucleotide regulatory protein/ L 
isoproterenol interaction remains to be defined. Sec- 
ond, during pregnancy,-the concentration of guinea 
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pig myometrial norepinephrine decreases to an al- 
most nondetectable level.” This prejunctional reduction 
of norepinephrine content can theoretically result 
ina postjunctional up-regulation of myometrial f- 
adrenergic receptor function. Finally, interaction of 
myometrial B-adrenergic receptor with other hor- 
mones specific to pregnancy (such as estriol) may be 
involved. Further work will be necessary to study these 
hypotheses. 

Teleologically, a greater ability to form the high- 
affinity state of the myometrial B-adrenergic receptor 
and, consequently, an ability to stimulate adenylate cy- 
clase activity to a greater extent may be extremely im- 
portant in terms of achieving myometrial relaxation. 
This can be particularly ‘relevant during the latter 
part of gestation when maximal uterine relaxation is 
necessary to accommodate the ever-enlarging fetal- 
placental volume. Why this change is detected only in 
animals’ who are about to go into labor is not under- 
stood. This process, however, is reversible in that in the 
postpartum period the K,/K, ratio returns to levels 
comparable to those seen in the nonpregnant animals 
or those of pregnant animals at 0.3 and 0.7 of gestation. 
Further experiments will be necessary to elucidate the 
factors controlling this reversible modulation of the in- 
teraction between the myometrial B- adrenergic recep- 
tor and B-adrenergic receptor agonists. l 
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Vasopressin receptors in human pregnant myometrium and 
decidua: Interactions with oxytocin and vasopressin agonists 


and antagonists 


Marina Ivanisevic, MD,* Oliver Behrens, MD, Hanns Helmer, MD, Keith Demarest, PhD, 


and Anna-Riitta Fuchs, DSc 
New York, New ¥ ork, and Raritan, New Jersey 


Saturation analysis and competition experiments were performed to identify and characterize [H]arginine 
vasopressin binding to human myometrium and decidua in late pregnancy. PH]Arginine vasopressin bound 
with affinity similar to that of [HJoxytocin to both tissues (dissociation constant 1 to 2 nmol/L). The 
concentration of [*HJarginine vasopressin binding sites was high, particularly. in decidua, but in all instances 
was about 50% to 60% of [*HJoxytocin binding. Analogs with selective oxytocic potency (4-threonine 
oxytocin, isotocin) had high affinity to both PH]arginine vasopressin and [*H]oxytocin binding sites, as did 
analogs with both oxytocic and vasopressor activity (vasotocin). Analogs with. selective antidiureti¢ activity 
(1-deamino-8-b-arginine vasopressin) showed drastically reduced affinity to [*HJoxytocin binding sites and 
relatively low but significantly higher affinity to [*H]arginine vasopressin binding sites. A new oxytocin 
antagonist (RW22164 or [1 -deamino-2p-tyrosine-(O-ethyl)-4-threonine-8-ornithineloxytocin) competitively 
bound to both binding sites. Its affinity to PH]oxytocin binding sites was greater than to PHlarginine 
vasopressin binding sites whereas the relative affinities of a predominantly vasopressor antagonist 
(Manning compound) were reversed, suggesting the presence of distinct receptors for oxytocin and 
arginine vasopressin in pregnant human myometrium and decidua. (Am J OssteT GYNECOL 1989;161: 


1637-43.) 


Key words: Arginine vasopressin, oxytocin, receptor, human pregnant myometrium, 


decidua, oxytocin and vasopressin antagonists 


Vasopressin is structurally closely related to oxytocin, 
but its physiologic actions are different and it is con: 
sidered to have different target organs. In standard 
pharmacologic tests with rat uterus, arginine vasopres- 
sin has <5% of the oxytocic activity of oxytocin. How- 
ever, in women, vasopressin is a powerful uterine stim- 
ulant; in nonpregnant women its potency surpasses that 
of oxytocin. ? The effects of vasopressin on the preg- 
nant human uterus are not as well known, Embrey and 
Chassar Moir’ reported in 1967 that in midpregnancy, 
vasopressin arid oxytocin were about equipotent in 
stimulating human. uterine contractions, but as preg- 
nancy pr ogressed, the uterus became iricreasingly sen- 
sitive to oxytocin whereas the responsiveness to vaso- 
pressin remained relatively unchanged. Theobald,’ on 
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the other hand, reported that the term pregnant hu- 
man itterus was about equally responsive to oxytocin . 
and vasopressin (antidiuretic hormone), and he suc- 
cessfully induced labor with antidiuretic hormone with 
infusion rates of 2 mU/min. Vasopressin is secreted in 
large amounts by the human fetus during labor’; there- 
fore vasopressin may be of physiologic importance not 
only for fetal hemodynamics® but also for the stimu- 
lation of uteririe contractions. 

Vasopressiri has been shown to bind to the nonpreg- 
nant human uterus,’ and studies by Guillon et al.* sug- 
gested that distinct receptors for oxytocin and vaso- 
pressin were present in noripregnant myometrium. 
While the importance of oxytocin receptors for the reg- 
ulation of uterine contractility is well established,’ little 
is known about vasopressin receptors in the pregnant 
human uterus. Since the presence of receptors is a pre- 
requisite for hormone action, it is important to identify 
uterine arginine vasopressin receptors, as well as oxy- 
tocin receptors, to understand the role of neurohy- 
pophysial hormones in the physiology of the pregnant 
human uterus. In this study we have investigated the 
binding of arginine vasopressin to the pregnant uterus 
and studied the distribution of binding sites between 
myometrium and decidua, since we have previously 
shown that decidua is a target organ for oxytocin and 
has a high concentration of oxytocin receptors. A fur- 
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Table I: Pharmacologic activity of agonists used 











Pharmacologic activity* (IU / umol) 














Antidiuretic 


Vasopressor re 
(rat antidiuretic) 


(rat blood pressure) 


 Oxytotic 
(vat uterus isolated) 






~ Compound 





Oxytocin selective 


4-Threonine-oxytocin 166 <).01 0.002 

_ Isotocin, 145 9.06 0.18 

* Oxytocin : 450 5 5 
Vasopressor and antidiuretic f ; 

Arg-vasotocin’ 120 255 260 

Arg-vasopressin : 17 400 , 430 
Antidiuretic selective . l 

dl -Dearnnio- 8-p- ~Arg-vasopressin i 2 A -04 . 1230 








*Data from Berde B, èd. Handbook of Experiinental Pharmacology. XXIİI. Neurohypophysial Hormones and Similar Peptides. 
Berlin: Springer-Verlag, 1968:802. The third international standard for oxytocic, vasapressor, and antidiuretic substances was 
usedi in all instances (source: Medical and Biological Research Laboratories, Sandoz AG, Basel, Switzerland). 


Table IL Ka values for oxytocin and arginine vasopressin receptors (nanomoles per liter) 














Oxytocin Vasopressin 
Myometrium Myometrium Decidua 
Human (pregnant, near term) 1.3 + 0.17 18+0.11 . 1.6 + 0.05 12.24 0.57 
Rat (pregnant, term) 2.6 + 0.40" 2.3 + 0.42? . — 6.2 + 1.2% 10.4 + 2.3 





Values with different superscripts (a and. b) differ significantly (n = 3 in all instances). 


ther purpose was to examine whether a newly devel- 
oped oxytocin antagonist (RW22164 or [1-deamino-2p- 
tyrosine-(O -ethyl)-4-threonine-8- ornithine]oxytocin) 
(dTVT),® which competitively blocks the binding of 
oxytocin to the pregnant human uterus," also blocks 
the binding. of arginine vasopressin. For comparison, 
the ‘pregnant rat uterus also was studied for the pres- 
ence of arginine Tapo pressi receptors. 


Material and methods 


Subjects. Pregnant human uterine tissues were ob- 
tained from three patients in whom hysterectomy 
was performed in the thirty- -sixth to thirty-eighth 
week of pregnancy for. medical reasons (cervical 
cancer.in one and -total placenta previa causing in- 
tractable . postpartum bleeding. iri the other two). 
Immediately after surgery the uteri were placed on 
ice and cut open longitudinally;. the decidua parietalis 
was cut off with. curved. scissors. Pieces of myo- 
metrium were taken from the fundus and corpus. 
All tissues were wrapped in foil and’ frozen in dry 
ice and then kept at — 70% C until prepared for re- 
ceptor | assay. The pregnant . rats (Sprague-Dawley) 
were ‘from the’ R. W. Johnsoti „Pharmaceutical Re- 
search Institute at Ortho, Raritan, NJ. The rats 
were killed on the afternoon of day, 22, the time that 
parturition begins in this strain of rats. The uteri were 
slit open, and the decidua was scraped off and frozen 
-separately from the myometrium, which was cut free 


of mesometrium. The uteri and decidua from six to 
eight rats were pooled to obtain sufficient quantities of 
membranes. 

Preparation of membranës. The preparation of 
crude plasma membrane fractions and the receptor as- 
says were performed as described previously’ ° with 
mirior modifications. Briefly, the frozen tissues were 
pulverized and then homogenized with five pulses of 
5 seconds’ duration with a Polytron homogenizer 
(Brinkmann Instruments, Westbury, N.Y.) followed by 
six up-and-down strokes with a glass, tissue grinder 
(Kontes Co., Vineland, N.J). The homogeniza- 
tion buffer consisted of 0.01 mol/L tris(hydroxy- 
methylaminomethane hydrochloride buffer, pH 7.4, 
containing 0.5 mmol/L dithiothreitol and 1. 5 mmol/L 
ethylenediaminetetraacetic acid (EDTA). Dissociation 
of endogenous oxytocin and vasopressin: from their 
binding sites with EDTA permits measurement of the 
total number of binding: sites, both unoccupied and 
occupied: The fraction sedimenting between 20,000 
and 165,000 g was used for the binding studies. Further 
purification with sucrose gradient centrifugation did 
not significantly increase the bifiding so this was omit- 


_ ted, The fraction was washed twice in the same buffer 


and then. susperided in Krebs-Ringer . solution and 
stored frozen at —70° C in suitable aliquots. Protein 
concentration was measured by the method of Lowry 
et al. with bovine serum albumin used as standard. 

l Binding assays. Before assay aliquots of mem- 
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brane preparations were thawed and recentrifuged at 
165,000 g; the pellets were suspended in the assay 
buffer with a Teflon pestle in a glass homogenizer. 
The assay buffer consisted of 0.05 mol/L mono 
(tris(hydroxymethyljaminomethane) maleate buffer, 
pH 7.6, containing 5 mmol/L magnesium chloride and 
0.1% gelatin. The total volume was 220 pl and the 
protein concentration was 0.225 to 0.45 mg/ml for hu- 
man tissues and 0.9 to 1 mg/ml for rat tissues. The 
concentrations were chosen to be in the range where 
specific binding increases linearly with the protein con- 
centration. Incubations were carried out at 22° C for 
60 minutes and terminated by adding 5 ml of ice-cold 
buffer. Separation of bound from free protein was by 
rapid filtration through Whatman GF/F glass-fiber fil- 
ters with a Millipore manifold (Millipore Corp., Bed- 
ford, Mass.). The filters were washed with 10 ml of 
buffer and dried. The amount of radioactivity retained 
on the filters was counted with 5 ml of Ecoscint (Na- 
tional Diagnostics, Manville, N.J.) in plastic minivials in 
a Beckman LS 350 apparatus (Beckman Instruments, 
Schiller Park, Ill.) with 40% efficiency. 

Saturation analysis was performed with eight or nine 
different concentrations of labeled ligand (0.10 to 14 
nmol/L); nonspecific binding was determined by add- 
ing 1.1 pmol/L unlabeled ligand. Displacement and 
competition analyses were carried out with 0.6 to 0.9 
nmol/L labeled ligand in each tube and increasing 
amounts of either the unlabeled ligand or another an- 
alog or antagonist in the range of 0.9 to 200 nmol/L. 
All binding studies were carried out in parallel assays 
with ['H]arginine vasopressin and [*H]oxytocin and 
with the same membrane preparations. 

Labeled and unlabeled ligands and analogs. 
PH]Arginine vasopressin and [*H]oxytocin were ob- 
tained from New England Nuclear (Boston), Both were 
_ of high purity (97% to 99.5%); the specific activities 


were 67 Ci/mmol for [*H]arginine vasopressin and 39 . 


to 57 Ci/mmol for [*H]joxytocin. 

Unlabelled arginine vasopressin and oxytocin were 
obtained’ from Bachem Fine Chemicals, Torrance, 
Calif. The analogs used were 4-threonine-oxytocin 
(provided by Dr. Maurice Manning, Department of 
Biochemistry, Medical College of Ohio, Toledo), iso- 
tocin and vasotocin (Bachem Biosciences, Philadel- 
phia) and (1-deamino-8-p-arginine) vasopressin (Sigma 
Chemical Co., St. Louis). The pharmacologic potencies 
of the agonists are shown in Table I. The antago- 
nists were (1-B-mercapto-B,-6,-cyclopenta-methylene- 
propionic acid-2-Tyr(O-methyl)-8-Arg) vasopressin 
(Manning compound, Bachem Fine Chemicals, Torr- 
ance, Calif.) and dT VT (RW22164), provided by Ortho 
Pharmaceutical Corporation, Raritan, N.J. Manning 
compound is considered a highly specific blocker of 
vasopressin receptors of the VP, type, being more than 
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2000 f 


1500 


Bmax, fmoles/mg protein 








HUMAN RAT 


Fig. 1. Specific binding (Bmax) of PH]oxytocin (hatched columns) 
and [*H]arginine vasopressin (solid columns) to membrane 
preparations from three pregnant human uteri between 35 
and 38 weeks of gestation and from pooled uteri of eight rats 
at term (day 22 of gestation), Saturation analyses were per- 
formed in duplicate with increasing concentrations of labeled 
ligands (0.1 to 14 nmol/L). Nonspecific binding was deter- 
mined in the presence of 1.1 pmol/L unlabeled ligand. The 
concentration of protein was 0.25 to 0.45 mg/ml. The data 
were analyzed by an iterative nonlinear curve-fitting computer 
program to obtain the Bma» expressed as femtomoles bound 
per milligram of protein. Asterisks indicate significant differ- 
ences between the two neuropeptides in each tissue. The Ba. 
values for each neuropeptide were significantly higher in hu- 
man than in rat uterine tissues. The Bma values were signifi- 
cantly higher in decidua than in myometrium for each neu- 
ropeptide in human uteri whereas the opposite was true in 
rats. 


HUMAN RAT 


100 times more active in blocking vasopressor than oxy- 
tocic responses and having a weak antidiuretic activity.” 
dTVT is a highly specific oxytocin antagonist with a 
very weak diuretic activity and no vasopressor activity.’ 
All peptides were stored as stock solutions in 0.25% 
acetic acid containing 0.1% gelatin and diluted with the 
assay buffer before each assay. 

Data analysis and statistical analysis. Saturation 
analyses were performed in duplicate and the param- 
eters presented (dissociation constant, Ky, and maxi- 
mum binding, Baa) are means for two or three exper- 
iments. The binding data were analyzed by an iterative: 
nonlinear curve-fitting program (Biosoft, Elsevier Sci- 
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Table HI. Comparison of binding affinities of 
selected agonists to oxytocin and vasopressin 
receptors in pregnant human myometrium 








K; (nmol!L) 













Oxytocin 
receptors 


Arg-vasopressin 
receptors 





4-Threonine-oxytocin 18.6 + 1.96 1.4 + 0.33" 
n = 3) (n = 2) 
Isotocin 11.8 + 121° 0.6 + 0.3° 
(n = 3) (n = 2) 
Oxytocin 1.3 + 0.08" 0.6 + 0.17% 
(n = 6) (n = 3) 
Arg-vasotocin 2.3 + 0.92 0.7 + 0.11 
(n = 3) (n = 3) 
Arg-vasopressin 9.0 + 2.48 3.8 + 1.10 
(n = 3) {n = 4) 
1-Deamino-8-p-Arg- 600.0 + 44° 31.0 + 6.0° 
vasopressin (n = 3) (n = 2) 





Values with different superscripts (a and b) for each analog 
differ significantly. 


Table IV. Comparison of binding affinities of 
selected agonists to oxytocin and vasopressin 
receptors in pregnant human decidua 





K; (nmol/L) 


Oxytocin 
receptors 










Arg-vasopressin 


Compound receptors 





4-Threonine-oxytocin 13.7 — 
(n = 1) l 
Isotocin 3.3 + 0.80 3.9 
(n = 3) (n= 1) 
Oxytocin 2.0 + 0.40 0.7 + 0.14 
(n = 5) (n = 2) 
Arg-vasotocin 2.1 + 0.98 1.7 + 0.40 
(n = 3) (n = 2) 
Arg-vasopressin 7.6 + 1.278 1.9 + 0.87> 
(n = 3) (mn = 3) 





Values with different superscripts (a and b) for each analog 
differ significantly. 


entific Publishers), which is an adaptation of the 
LIGAND program developed at the National Institutes 
of Health by Munson and Rodbard. Statistical analysis 
of the goodness of fit for one or two affinity binding 
sites is performed by the program, with the F statistic 
used to compare residual variances. The binding data 
from displacement and competition experiments were 
also analyzed by the program. The parameters pre- 
sented are K, (the dissociation constant calculated ac- 
cording to Cheung and Prusoff, with the Hill constant 
near unity) and B,,,.. The significance of differences 
between means was determined by Student’s ¢ test, and 
p < 0.05 was considered significant. 


Results 


All decidual and myometrial membrane preparations 
of the three pregnant human uteri bound [*H]arginine 
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vasopressin specifically. Like [*H]oxytocin binding, the 
specific binding of [*Hjarginine vasopressin was time 
and temperature dependent, reaching equilibrium in 
about 45 minutes at 22° C (data not shown). Addition 
of EDTA at equilibrium resulted in an immediate dis- 
sociation of the specific bound (*H]arginine vasopres- 
sin, like [*H]oxytocin. 

Saturation experiments. Analysis of the data ob- 

tained in saturation experiments indicated that only 
one saturable site of high affinity and low capacity for 
[*HJarginine vasopressin binding was present in both 
the myometrium and the decidua of women in late 
pregnancy. The K, for both decidual and myometrial 
membrane preparations was 1 to 2 nmol/L and similar 
to the K, for H]oxytocin binding, with no significant 
differences (Table II). The saturation binding data 
for [*H]oxytocin also indicated the presence of a 
single saturable site in both decidua and myometrium, 
confirming previous observations. The concentra- 
tion of [*H]arginine vasopressin binding sites, like 
PH]oxytocin binding sites, was significantly higher in 
decidual than in myometrial membrane preparations 
(Fig. 1). The concentration (Bmax) for PH]arginine va- 
sopressin in the myometrium was 533 + 27 fmol/mg 
protein and the decidual concentration was 924 + 55 
fmol/mg; for [*H]oxytocin the corresponding values 
were 826 + 37 and 1885 + 130 fmol/mg (values are 
mean + SE, n = 3). 
_ Rat uterine membranes showed significantly lower 
affinity for [*H]arginine vasopressin than for [*H]oxy- 
tocin; this applied to both the myometrial and decidual 
membrane preparations (Table II). The concentration 
of PH]arginine vasopressin binding sites was much 
lower in rat uteri than in human uteri, both in myo- 
metrium and especially in decidua (Fig. 1). Myometrial 
receptor concentrations were significantly lower for ar- 
ginine vasopressin than for oxytocin in rat uteri 
at term (arginine vasopressin, 100 + 15 fmol/mg; 
oxytocin, 340 + 27 fmol/mg) whereas decidual re- 
ceptor concentrations were similar (oxytocin, 40 + 5 
fmol/mg; arginine vasopressin, 49 + 9 fmol/mg). All 
values are mean + SE, n = 3 (Fig. 1). 

Displacement and competition experiments. In hu- 
man uterine membrane preparations, displacement of 
(?H]arginine vasopressin and [*H]oxytocin by the un- 
labeled peptides arginine vasopressin and oxytocin also 
indicated interaction with a single population of bind- 
ing sites for both peptides (Fig. 2). Although a curvi- 
linear Scatchard plot was sometimes obtained at high 
unlabeled ligand concentrations, LIGAND analysis of 
the binding data resulted in the identification of only 
one saturable site of high affinity for both neuropep- 
tides. The B,,.. values obtained from displacement ex- 
periments were similar to those obtained from satu- 
ration experiments, with no statistical differences 
(arginine vasopressin in myometrium: K; = 3,8 + 1.1 
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Fig. 2. Displacement and competition curves for [*H]arginine vasopressin and ['H]oxytocin by the 
oxytocin antagonist dT VT and the vasopressor antagonist Manning compound after logit-log trans- 
formation of the data. Experiments were performed in the presence of a constant amount of labeled 
ligand (0.6 to 0.8 nmol/L). The specific binding without added competitors is taken as 100% binding 
and the specific binding in the presence of increasing amounts of unlabeled ligand or analogs is 
expressed as a percent of this. Membranes were from myometrium of human pregnancy (0.45 pg 
per tube). Values are means of four to six experiments with each analog. For clarity the standard 
error bars are omitted; standard errors ranged from 1.2% to 14.3% (7.8% on the average). 


nmol/L, Bmax = 630 + 55 fmol/mg; arginine vaso- 
pressin in decidua: K; = 1.9 + 0.4 nmol/L, Bmax = 


890 + 75 fmol/mg; oxytocin in myometrium: 


K, = 1.3 + 0.2 nmol/L, Bmx = 750 + 50 fmol/mg; 


oxytocin in decidua: K, = 2.0 + 0.2 
Bmax = 1650 + 180 fmol/mg). 

Competition by oxytocin for [*H]arginine vasopres- 
sin occurred with equal affinity as that for [>H]oxytocin 
in both human myometrium (K; = 0.6 nmol/L) and 
decidua (K; = 0.7 nmol/L) while arginine vasopressin 
competed for [*H]oxytocin with significantly lower af- 
finity than that for [*H]Jarginine vasopressin (K; = 9.0 
nmol/L for myometrium and K; = 7.6 nmol/L for de- 
cidua, respectively) (Tables III and IV). 

Competition for [*H]arginine vasopressin and 
[?H]oxytocin binding by selected analogs and antago- 
nists with well-defined pharmacologic profiles showed 
many similarities between the two binding sites but also 
significant differences. The K; values for the agonists 
are shown in Tables II] and IV for human myometrium 
and decidua, respectively, and in Table V the corre- 
sponding values for the antagonists are shown. To fa- 
cilitate comparison between the affinity profiles of oxy- 
tocin and arginine vasopressin binding sites in the two 
tissues, the relative affinities (K; arginine vasopress- 
in/K, analog or K; oxytocin/K, analog) of all analogs 
are arranged in order of decreasing potency in Table 
VI, the analog with the greatest potency being listed as 
number 1. 


nmol/L, 


Table V. Comparison of binding affinities of 
selected antagonists to oxytocin and 
arg-vasopressin receptors in pregnant human 
myometrium and decidua 













K; (nmol/L) 









Oxytocin 


receptors 


Arg-vasopressin 
receptors 


Compound 





Myometrium dTVT 37.0 + 1.78 18.7 + 7.4° 
(n = 5) (n = 4) 

Manning compound 68.4 + 13.0° 9.9 + 0.7% 
(n = 4) (n = 4) 

Decidua dTVT 25.2 + 6.1 21.1 + 8.6 
(n = 4) (n = 3) 

Manning compound 48.6 + 12.1 8.7 & 4.6° 
(n = 2) (n = 4) 





Values with different superscripts (a and b) for each analog 
differ significantly. 


` The affinity profiles of both binding sites were sim- 
ilar, hut particularly striking was the great affinity of 
all analogs with high oxytocic potency to both binding 
sites; the affinity of isotocin and 4-threonine-oxytocin 
to myometrial [*H]arginine vasopressin binding sites 
was even greater than to the [*H]oxytocin binding sites. 
A difference between the two binding sites was noted 
in their affinities toward arginine vasopressin and (1- 
deamino-8-p-arginine) vasopressin, the analogs with 
the most selective antidiuretic activities; both had sig- 
nificantly greater affinity for the [*H]arginine vaso- 
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Table VI. Order of relative affinities of selected agonists and antagonists to [H] arg-vasopressin and [PH] 
oxytocin binding sites in myometrium and decidua of human pregnancy 















Order of 
decreasing affinity 
Agonists 
1 IT 
2 AVT 
3 oT 
4 4-Thr-OT 
5 AVP 
6 DDAVP 
Antagonists 
] dTVT 
2 MC 








Vasopressin 









Myometriun Decidua 


AVT OT OT 
OT AVT AVT 
AVP . IT IT 
— ` AVP AVP 
IT 4-Thr-OT 4-Thr-OT 
— DDAVP — 
dTVT MC MC 
MC dTVT dTVT 





IT, Isotocin; AVT, Arg-vasotocin; OT, oxytocin; AVP, Arg-vasopressin; 4-Thr-OT, 4-threonine-oxytocin; DDAVP, 1-deamino-8- 


c-Arg-vasopressin; MC, Manning compound. 


pressin than for the [*H]oxytocin binding site (Tables 
II and IV). Another significant difference was ob- 
served between the relative affinities of the two 
antagonists, the oxytocin antagonist, dTVT, and the 
predominantly vasopressor antagonist, MC, for the 
(SH ]arginine vasopressin and [*H]oxytocin binding sites 
(Tables V and VI), which were reversed for the two 
binding sites. This was observed in both decidua and 
myometrium (see also Fig. 2). Decidual binding sites 
for the two peptides showed generally qualitatively sim- 
ilar affinities when compared with the myometrial 
binding sites. 

There was no significant correlation between the K; 
values for the [*H]arginine vasopressin binding sites 
and the relative antidiuretic or vasopressor potencies 
of the analogs, as reported in the literature. The high 
affinity of arginine vasotocin to both [*H]arginine va- 
sopressin and [*H]oxytocin binding sites is noteworthy. 


Comment 


The results of this study demonstrate the presence 
of saturable high-affinity binding sites for both arginine 
vasopressin and oxytocin in human myometrium in late 
pregnancy. This is in agreement with Theobald’s 
findings’ that at term, vasopressin is as effective as oxy- 
tocin in eliciting uterine contractions. The analys.s of 
the binding data with the iterative nonlinear curve- 
fitting program indicated in both instances the presence 
of a single class of homogeneous receptors. It is not 
possible on the basis of our results to prove definitely 
that the receptors for arginine vasopressin and oxytocin 
are distinct. However, the differences in binding ca- 
pacity in the face of similar affinities and the differences 
in the relative affinities of the oxytocin and vasopressor 
antagonists and certain agonists for the [*H]arginine 
vasopressin and [*H]oxytocin binding sites suggest that 
a distinct receptor population is present in human myo- 
metrium and decidua for each neurohypophysial pep- 


tide. Guillon et al.€ arrived at the same conclusion with 
respect to nonpregnant human myometrium. In con- 
trast to our results, they found vasopressin to bind to 
two classes of binding sites, one with high affinity (Ka 
2.2 nmol/L) and low capacity (Bmax about 200 fmol/mg 
protein) and another with low affinity (Ky 655 + 209 
nmol/L) and high capacity (Bmax about 6000 fmol/mg). 

` This may be due to the use of the less potent [*H]lysine 
vasopressin instead of [*H]arginine vasopressin or to 
differences between the nonpregnant and pregnant 
tissues. 

In contrast to cur findings in human myometrium 
of pregnancy, the concentration of vasopressin binding 
sites in nonpregrant myometrium was considerably 
higher than that of oxytocin binding sites,” in harmony 
with the known effects of the two neuropeptides on 
uterine activity.” The arginine vasopressin binding 
sites in nonpregnant human myometrium differed 
from those in the pregnant human uterus also with 
respect to the relative affinities of various agonists. In 
nonpregnant myometrium the relative affinities of the 
analogs correlatec. well with their vasopressor activity," 
whereas no significant correlation was found in preg- 
nant myometrium or decidua. Thus the dynamic 
changes occurring during pregnancy in the human 
uterus in regard ta neurohypophysial hormone binding 
are not only quantitative but also qualitative. 

The much lower concentrations and lower affinity of 
arginine vasopressin binding sites in the pregnant rat 
myometrium in comparison to human myometrium is 
in keeping with the pharmacologic potency of arginine 
vasopressin measured in the uterus of this species. 

The high concentration of both oxytocin and argi- 
nine vasopressin receptors in the human decidua is 
quite remarkable, and this tissue must therefore be con- 
sidered a target organ for both neurohypophysial hor- 
mones. The function of oxytocin receptors in endo- 
metrium and decidua is believed to be stimulation of 
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‘arachidonic acid metabolism," “probably by. stimu- 
lating phosphoinositol turnover and phospholipase 
C= 18 The cellular responses elicited by arginine va- 
sopressin receptor occupancy in decidua are unknown 
at this time: Since one of the renal actions of arginine 
' vasopressin is stimulation of prostaglandin E, synthesis, 
arginine vasopressin may have the samé function in 
décidua, as also suggested by Schrey et al.” 

The relative affinities of the various, agonists to the 
arginine vasopressin binding sites and the lack of effect 
of arginine vasopressin on uterine cyclic adenosine 
rionophosphate levels indicate that the uterine recep- 
tor is different from the adenyl cyclase—associated VP,- 
subtype receptor that mediates the antidiuretic action 
of arginine vasopressin. On the basis of the order of 
potency of the oxytocic, vasdpressor, and antidiuretic 
analogs in competing for the uterine [*H]Jarginine va- 
sopressin binding sites, they also differ from the VP,- 
subtype receptor found in vascular smooth muscle and 
hepatocytes. The uterine vasopréssin receptors may 
therefore represent a new subtype or perhaps a vaso- 
tocin receptor. | 

Of great clinical interest is the fact that the pitake 
oxytocin antagonist competed'with about equal affinity 
with both’ oxytocin and arginine vasopressin. binding 
sites in myometrium atid decidua. An oxytocin antag- 
onist has pharmacologically minimal side effects and 
offers great promise a’ a new técolytic agent, as sug- 
gested by preliminary clinical trials.” 


REFERENCES 

1. Coutinho EM, Lopes ACV. Response of the nonpregnant 
uterus to vasopressin as an index of ovarian function. AM 
J OBSTET GYNECOL 1968;102%479. 

2. Coutinho EM, Filho AJ, Xavier R, Fuchs A- R, Fuchs F. 
Effect of ethanol on the résponse of the non-pregnant 
human uterus to oxytocin and vasopressin. J Obstet Gy- 
naecol Br Commonw 1970;77:164. : 

3. Embrey MP, Chassar Moir J. A comparison of the oxytocic 
effects of synthetic vasopressin and oxytocin, J Obstet Gy- 
naecol Br Commonw 1967;74:648. 


10. 


11. 
12. 


13. 
14. 
is. 
16. 


17. 


Vasopressin receptors in myornetrium and decidua 1643 


. Theobald GW. The synthesis of divergent observations 


concerning oxytocin. In: Caldevro-Barcia R, Heller H, 
eds. Oxytocin. Oxford: Pergamon Press, 1961:212-28.- 


. Chard.T, Boyd NRH, Edwards CRW, Hudson CN. Re- 


lease of oxytocin and vasopressin ‘by the human foetus 
during labour. Nature 1971;223:352. . i 


. Pohjavuori M, Fyhrqvist F. Vasopressin, ACTH and 


neonatal , haemodynamics. Acta Paediatr Scand 1983;85 
(suppl):79. 


. Fuchs AR, Fuchs F, Husslein P, Soloff MS. Oxytocin re- 


ceptors in nonpregnant human uterus. J Clin Endocrinol 
Metab 1985;60:37. 


. Guillon G, Balestre MN, Roberts JM, Bottari SP. Oxytocin 


and vasopressin: distinct receptors in myometrium. J Chin 
Endocrinol Metab 1987;64:1129. 


. Fuchs AR, Fuchs F, Husslein P, Soloff'MS. Oxytocin re- 


ceptors in pregnant human uterus. AM J OBSTET GYNECOL 
1984; 150:734. 

Hahn DW, Demarest KT, Eficson E, Homm RE, Cape- 
tola RJ, McGuire JL. Evaluation of 1-deamino- -[pD-Tyr 
(O-ethyl)?, Thr*,Orn®] vasotocin, an oxytocin antagonist, in 
animal models of uterine contractility and preterm labor: 
a new tocolytic agent. AM J OBSTET GYNECOL 1987; 157: 
977. 

Fuchs AR, Vangsted.A, Ivanisevic M, Demarest K, Oxy- 
tocin antagonist (dTVT) and oxytocin receptors in myo- 
mietrium and decidua. Aim J Perinatol. 1989;6:205. 
Manning M, Sawyer WH. Design and uses of sélective 
agonistic and antagonistic analogs of ‘the neuropeptides 
oxytocin and vasopressin. Trerids Neurosci 1984;7:6. 
Roberts JS, McCracken JA, Gavagan JE,, Soloff MS. Oxy- 
tocin stimulated release of prostaglandin Faa fromi ovine 
endometrium in. vitro; correlation with estrous cycle and 
oxytocin receptor binding. Endocrinology 1976;99:1107. 
Fuchs AR, Husslein P, Fuchs F. Oxytocin and the initiation 
of human parturition. II, Stimulation of prostaglandin 
production: i in human decidua by oxytocin. Am J OBSTET 
GYNECOL 1981;141:694. 

Schrey MP, Read AM, Steer Py. Oxytocin and’ vasopressin 
stimulate inositol phosphate production in human ges- 
tational myometrial and decidual cells. Biosci Rep 1986;6: 
613. 

Flint APF, Leat WMF, Sheldrick EL, ‘Stewart HJ. Stimu- 
lation of phosphoinositide hydrolysis by oxytocin and the 
mechanism by which oxytocin controls prostaglandin syn- 
thesis in the ovine endometrium. Biochem J 1986;237: 
797: 

Andersen LF, Lyndrup J, Akerlund M, Melin P. Oxytocin 
receptor blockade: a new principle i in the treatment of 
preterm labor. Am J Perinatol 1989;6:196. 


The antagonistic effect of oxytocin and relaxin on rat uterine 


ségment contractility 


Laura T. Goldsmith, PhD, Joan H. Skurnick, PhD," Andrea s. Wojtczuk, MS, 
Martin Linden, PhD,” Mary Jeanne Kuhar, MD, and Gerson Weiss, MD 


Newark, New Jersey 


To test the interaction of various hormones on the myometrium, the following experiments were done 
studying in vitro contractile activity of uterine segments from immature rats. The’ rats were divided into two 
groups: group 1 animals were treated with estrogen (n = 9) and group 2 animals were treated with both 
estrogen and progesterone (n= 11). Uteri from animals in each group were removed and segments were 
maintained in a temperature- ¢ and pH-controlled organ bath. After baseline contractions were established, 
uterine segments were treated with either oxytocin and then relaxin, or relaxin and then oxytocin. The 
dose of relaxin uséd, 20 ng/ mi, was previously shown to. be effective in inhibiting uterine contractions of 
animals treated with either estrogen or estrogen plus progzsterone. The dose of oxytocin, 2.5 mIU/ml, was 
the maximal effective dose shown not to produce prolonged tetany. Estrogen plus progesterone treatment 
increased the frequency of contractions and resulted in contractions of greater duration of the maximal 
contractile force, as. compared with treatment with estrogen alone. Oxytocin caused a stimulation of 
contractions in telaxin- inhibited uterine strips. Relaxin decreased. the hypertonic contractions produced by 
oxytocin treatment, resulting in contractions similar to baseline. These data demonstrate that oxytocin and 
relaxin are directly antagonistic in their effects on uterine contractility. This suggests that labor may occur 
as a result of increased sensitivity to’oxytocin or a decreased sensitivity to relaxin. (AM J OBSTET GYNECOL 


1989;164:1644-9.) 


Key words: Relaxin, oxytocin, myometrium, uterine contractions, labor 


The inhibition of uterine scan during pregnancy 
and the initiation of labor depend, in part, on the in- 
teraction of various hormones on the myometrium.' 
Uterine activity is the sum of the dynamic balance be- 
tween inhibitory and stimulatory factors. Labor occurs 
when the stimulatory factors become dominant.?* 

' The purpose of this study was to determine the in- 
teraction of an inhibitory agent (relaxin) and a stimu- 
latory agent (oxytocin) on uterine cofitractions, and to 
determine whether progesterone modifies this inter- 
action. The model system used was selected to avoid 
the interaction of other steroid or peptide factors zhat 
have uterine contractile activity. 


Material and methods 


The methods used in these studies were similar to 


those previously used to examine the effect of relaxin 
_ on rat uterine contractility in vitro.*” Care and us2 of 
the experimental animals followed guidelines apprcved 
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by the American Association for Accreditation of Lab- 
oratory Animal Care—accredited animal care facility at 
New Jersey Medical School. Immature female Long. 
Evans rats, 33 to 36 days old, were given daily subcu- 
taneous injections of 10.0 pg of estradiol benzoate 
(Sigma Chemical Co., St. Louis, Mo.) in sesame oil for 
3 consecutive days. Exposure to estrogen, which in- 
creases the negativity. of the cell resting potential and 
enhances the conduction of excitation throughout the 
muscle, is required for spontaneous uterine contractile 
activity. On the last 2 days of treatment with estradiol 
benzoate, one group of animals (n = 11) received 2 mg 
of progesterone (Sigma Chemical Co., St. Louis, Mo.) 
in sesame oil and another group of rats (n = 9) received 
only vehicle. On the fourth day, the animals were killed 
by cervical dislocation and the uteri were isolated, re- 
moved, and dissected free of extrauterine tissue. The 
cervical halves of the uterine horns were tied at 
each end with cotton threads, suspended in a double- 
jacketed organ bath, and immersed in 10 ml of 
Ringer-Locke solution (154 mM sodium chloride, 
5.6 mM potassium chloride, 2.8 mM calcium chloride, 
6.0 mM sodium bicarbonate, and 5.6 mM dextrose), 
pH 7.4, preheated to 37° C. One end of the uterine 
horn segment was attached to a hook at the bottom of ° 
the bath, and the other was attached to an isometric 
smooth muscle transducer of a Grass 7D polygraph 
(Grass Instrument Co., Quincy, Mass.). An initial ten- 
sion of | gm was applied to the muscle. 

A mixture of 95% oxygen and 5% carbon dioxide 
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was then continuously bubbled through the Ringer- . 


Locke solution. After the uterine segments equili- 
brated, they were allowed to establish baseline con- 
tractions for 15 minutes. The chart speed was set at 50 
mm/min. This rapid paper speed was used to allow 
observation and quantitation of alterations in waveform 
including duration of peak force, cycle length, and area 
under the contraction curve in addition to evaluation 
of amplitude. In the few cases in which segments did 
not contract at a frequency of once per minute, they 
were stimulated electrically with 5 V for 10 seconds 
every minute at 60 Hz, with the use of a direct-current 
stimulator. This was accomplished by placing one elec- 
trode in the bath with the other electrode touching the 
muscle at its fixed end. In those cases in which electri- 
cally stimulated cycles were preceded by intrinsic cycles, 
waveforms of the stimulated cycles closely resembled 
intrinsic waveforms. 

Treatments were applied as described in Table I. To 
clearly delineate the interaction of relaxin and oxytocin, 
two sets of in vitro experiments were performed for 
both groups of animals: (1) those in which uterine seg- 
ments were given relaxin first and then oxytocin, and 
(2) those in which uterine segments were given oxytocin 
and then relaxin. The dose of porcine relaxin (pur- 
ified porcine relaxin CMa’, 3000 guinea pig units/mg, 
kindly provided by Dr. Bernard G. Steinetz) used 
(20 ng/ml) was previously determined to inhibit con- 
tractions in uterine segments treated with estrogen 
and in‘ those treated with estrogen plus proges- 
terone.’? The dose of oxytocin (Pitocin, synthetic oxy- 
tocin, 99.5% purity, Parke-Davis, Morris Plains, N.J.) 
used (2.5 mIU/ml) had been shown to be the max- 
imal effective dose that did not produce prolonged 
tetany. 

Several parameters of the initial baseline contraction 
pattern including cycle length, duration of peak force, 
amplitude, and frequency of contractions of uterine 
segments from animals treated with estrogen (n = 9) 
versus estrogen plus progesterone (n = 11) were eval- 
uated and compared. The cycle length is defined as the 
time from the onset of one contraction to the onset of 
the next contraction. The duration of peak force is 
defined as the time from the onset of the contraction 
to the onset of the relaxation phase. The contractions 
recorded in a 15-minute period (generally eight con- 
traction cycles) during baseline and hormone-treated 
contractions were analyzed. Statistical analysis of mean 
cycle length, frequency, and duration of peak force of 
these contractions was done with the use of the 
Student ¢ test for a small sample size.* 

Area under the curves of the initial baseline con- 
tractions and relaxin-treated and oxytocin-treated con- 
tractions were also assessed. These measurements were 
determined by the use of a MOP-3 morphometric im- 
age analyzer (Carl Zeiss Inc., Thornwood, N.Y.). Each 
contraction was traced with a magnetic optical pen; 
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Table I. Experimental paradigm 










In vitro 





First agent 
added 


Second agent 
added 


Estrogen pretreatment Relaxin Oxytocin 
in vivo 
Oxytocin Relaxin 
Estrogen and progesterone Relaxin Oxytocin 
pretreatment in vivo 
Oxytocin Relaxin 





Table I. Effect of progesterone on 
contractions of estrogen-treated uteri 







Estrogen and 
progesterone 
(m= 11) 











Estrogen only 





Mean cycle length 1.68 1.26* 
(min/cycle) 

Frequency (cycles/min) 0.59 0.79% 

Duration of peak force 0.80 0.44* 
(min) 

*p < 0.05. 


duplicate tracings were performed for each contraction 
to ensure reproducibility. Reproducibility in area under 
the curve measurements with this method was 99%. 
The contractions recorded in a 15-minute period (gen- 
erally eight contraction cycles) during baseline and 
hormone-treated contractions were traced. The data 
were analyzed by paired Student ¢ test and repeated 
measures analysis of variance.” For all statistical analyses 
used in these studies, 0.05 was taken as the criterion of 
statistical significance. Numbers of experiments per- 
formed were chosen to ensure an adequate statistical 
evaluation. 


Results 


Exposure to progesterone in vivo resulted in a de- 
crease in the contraction cycle length, an increase in 
the frequency of contractions, and an increase in the 
duration of the peak force of contractions of rat uterine 
segments in vitro, as shown in Table II. The mean cycle 
length of the initial baseline contractions of uterine 
segments from rats treated with both estrogen and pro- 
gesterone, 1.26 min/cycle (n = 11) was significantly 
shorter (p < 0.05) than the mean cycle length of the 
initial baseline contractions of uterine segments of rats 
treated with estrogen and vehicle, 1.68 min/cycle 
(n = 9). The frequency of contractions, the reciprocal 
of the mean cycle length, was significantly greater in 
uterine segments of animals treated with both estrogen 
and progesterone (0.79 cycles/min) than the frequency 
of contractions of uterine segments of animals treated 
with estrogen and vehicle (0.59 cycles/min). 
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b) Contraction 
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Fig. 1. Contractions of uterine segment from estrogen-treated rat. Panel a denotes initial baseline 
contraction; panel b denotes contraction pattern after addition of relaxin to baseline contraction; 
panel c denotes contraction pattern after addition of oxytocin to relaxin-treated tissue. Vertical arrow 
indicates electrical stimulation. Each subdivision on X axis (time) represents 1 minute. 


Although contraction amplitude was similar in both 
groups, the duration of the peak force of the ini- 
tial baseline contractions of uterine segments from 
rats treated with estrogen plus progesterone (0.44 
min) was significantly longer (p < 0.05) than that of 
uterine segments of rats treated only with estrogen 
(0.30 min). 

In addition, treatment with progesterone altered the 
shape of the contraction curve. A typical contraction 
curve of the estrogen-only group can be seen in 
Fig. 1, a. A typical curve of the group with estrogen 
plus progesterone can be seen in Fig. 2, a. Although 
differences in mean area under the curves were ob- 
served for baseline contractions of uterine segments 
from the two groups of rats, these differences did not 
achieve statistical significance (864 mm’? for estrogen, 
n= 7; 541 mm? for estrogen plus progesterone, 
n = 11, p = 0.16). . 

In all uterine segments studied, those from both 


estrogen-treated and estrogen plus progesterone— 
treated rats, relaxin markedly decreased the amplitude 
or totally eliminated uterine contractions. As was ex- 
pected from these results, a statistically significant de- 
crease in mean area under the curves of contractions 
of relaxin-treated segments, as compared with base- 
line initial contractions, was shown (36 mm’, n = 4, 
p = 0.009 for estrogen and 214 mm’,n = 4,p = 0.018 
for estrogen plus progesterone). In those cases in 
which relaxin totally eliminated contractions, electrical 
stimulation was employed but was unable to pro- 
duce contractions in these relaxin-treated uterine seg- 
ments (Fig. 1, b). Oxytocin restored contractions in 
relaxin-treated uterine segments, both in segments 
from rats treated with estrogen and rats treated with 
estrogen plus progesterone (Fig. 1, c). Oxytocin sig- 
nificantly increased mean area under the curve mea- 
surements of contractions of relaxin-treated segments 
to 394 mm’, n = 4 (p = 0.012) for estrogen-treated 
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Fig. 2. Contractions of uterine segment from estrogen plus progesterone—treated rat. Panel a denotes 
initial baseline contraction; panel b denotes contraction pattern after addition of oxytocin to baseline 
contraction; panel c denotes contraction pattern after addition of relaxin to oxytocin-stimulated 
contraction. Each subdivision on X axis (time) represents 1 minute. 


rats and to 474 mm’, n = 4 {p = 0.007) for estrogen 
plus progesterone—treated rats. These areas were sim- 
ilar to that of baseline contractions. 

In segments from estrogen-treated and estrogen plus 
progesterone-—treated rats, oxytocin stimulated the 
force of contractions, as compared with initial baseline 
contractions. With prior exposure of the muscle seg- 
ment to progesterone, oxytocin was more likely to pro- 
duce a prolonged or tetanic contraction. Mean area 
under the curve measurements of contractions of uter- 
ine segments from estrogen-treated rats treated with 
oxytocin were increased above that of baseline to 495 
mm’, n = 5; yet this was not statistically significant 
(p = 0.076). Exposure to progesterone resulted in sig- 
nificantly increased mean area under the curve mea- 
surements of 1133 mm?, n = 7 (p = 0.015). Whereas 
oxytocin stimulated all muscle segments, progesterone 
may have increased uterine sensitivity to oxytocin 
(Fig. 2, b). In segments from rats treated with estrogen 
and rats treated with estrogen plus progesterone, re- 


laxin decreased the hypertonic contractions produced 
by oxytocin. Relaxin added to oxytocin-treated seg- 
ments resulted in contractions similar to baseline 
(Fig. 2, c). Relaxin decreased mean area under the 
curve measurements in oxytocin-treated ‘uterine seg- 
ments from estrogen-treated animals to 299 mm’, 

= 5 (p = 0.031) and in those from animals treated 
with estrogen plus progesterone to 840 mm’, n = 7 
(p = 0.056). 


Comment 


The control of uterine activity is complex and in- 
volves a variety of hormonal and nonhormonal factors. 
The ultimate understanding of how the uterus acts 
during any physiologic state depends on an under- 
standing of the effect of these various agents as indi- 
vidual substances and how uterine activity may be af- 
fected by these substances when they act together, A 
uterine tissue system that has not previously been ex- 
posed to any known or potential stimulatory or inhib- 
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itory hormones can be used to study the effects of var- 
ious substances on uterine activity and generate clean 
and uncompromised results. The model used in this 
study is a simple and easily reproducible model to study 
“the actions and interaction of various hormones on 
uterine activity without influence of unaccountable sub- 
stances. It is not, however, a model of hormone action 
on human or pregnancy uterus, but rather a model of 
hormone action on a previously nonstimulated virgin 
uterus. The immature rat, not having been exposed to 
estrogen, has a nonreactive uterus. This is different 
from the uterus of mature ovariectomized animals, 
which is contractile and has been exposed to various 
hormonal and nonhormonal factors that can affect and 
bias results. The doses of hormones used in this study 
were chosen to give sensitive responses when used in- 
dividually. Each dose was chosen separately on the basis 
of detailed experimental dose-response curves per- 
formed with this system before the experiments pre- 
sented here. Electrical stimulation was used to depend- 
ably ensure contractions. The failure of this stimulus 
to cause contractions in the presence of relaxin dem- 
onstrates that relaxin suppresses conduction. 

The use of rapid paper speed allows observation and 
evaluation of various parameters of the contraction pat- 
terns including alterations in waveform, cycle length, 
and duration of peak force of contractions not detected 
when a slower paper speed is used. A slower paper 
speed, which is most generally used in studies of uterine 
contractility, allows only observation of contractior. am- 
plitude. Thus this study is a more sensitive look at the 
alterations in contractions that occur under the influ- 
ence of these hormones than that of looking at ampli- 
tude alone. We were able to demonstrate the effect of 
progesterone on these parameters, and can conclude 
that, in this system, progesterone increases the fre- 
quency and duration of peak force of uterine cortrac- 
tions. Studies of progesterone effects on contraction 
waveform and duration of peak force have not been 
previously done. Previous studies have demonstrated 
that progesterone synergizes with relaxin to decrease 
the amplitude of contractions. * Further studies are 
needed to determine the interaction of relaxin and 
progesterone on the additional parameters studied 
here. i 

Our current observations demonstrate that a com- 
bination of progesterone and estrogen resulted in more 
prolonged contractions than those of estrogen alone in 
immature rat uterine segments, on the basis of duration 
of peak force. Progesterone also increased contraction 
frequency. In some experimental systems, progester- 
one has been shown to inhibit uterine activity.” How- 
ever, progesterone is not a tocolytic agent"; it cannot 
be used to stop labor: The effect of progesterone in an 
‘experimental system may depend on conditions and 
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dosage. This is also true of other steroid hormones; 
estrogen stimulates uterine contractions in immature 
rats but suppresses contractions in ovariectomized an- 
imals."’ Use of the system described here was an attempt 
to eliminate nonspecific conditional and biologic effects 
and test the substances in question in as clean a system 
as possible. Progesterone has been shown to block es- 
trogen stimulation of myometrial oxytocin receptors.” 
This effect may not have occurred in this system be- 
cause the effect of oxytocin was not decreased by treat- 
ment of the rats with progesterone; rather, the stim- 
ulation of contractility by oxytocin appeared to be mag- 
nified by progesterone. Again, this difference may be 
due to conditions and dosage effects. Alternatively, 
it is possible that other mechanisms are responsible for 
the results presented here, mechanisms with workings 
that are not related to the concentration of the receptor. 
The results of the studies presented here clearly dem- 
onstrate that relaxin and oxytocin have antagonistic 
effects. These results should clarify some ambiguities 
in the literature regarding this issue. For example, 
Porter’? has presented data that appear to demon- 
strate that relaxin inhibits the frequency of oxytocin- 
stimulated uterine contractions in the ovariectomized 
rat, yet the author states that relaxin had no effect. 
That relaxin and oxytocin have antagonistic effects sug- 
gests that labor can, in part, result from a probable 
increased sensitivity to oxytocin or a decreased sensi- 
tivity to relaxin. Additional studies with this model sys- 
tem can determine the effects of a combination of 
agents on uterine contractility with additicnal param- 
eters of contractility able to be assessed. This infor- 
mation may provide insight beyond that provided for 
by studies of single agents on uterine contractility as is 
prevalent in the current literature. , 
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Decreased B-carotene tissue levels in uterine leiomyomas and 
cancers of reproductive and nonreproductive organs 


Prabhudas R. Palan, PhD, Magdy Mikhail, MD, and Seymour L. Romney, MD 


Bronx, New York 


The dietary importance of B-carotene as a factor in health maintenance has recently attracted considerable 
interest. Previously, total carotene content was estimated in a limited number of human tissues by means 
of spectrophotometric methods. In this study the levels of B-carotene were measured by high-pressure 
liquid chromatography in tissue samples of uterine ieiomyomas and adjacent normal myometrium obtained 
at hysterectomy from uteri of 18 patients. 8-Carotene concentration was significantly (p = 0.0013) lower in 
fibroid tissue than in nomal myometrium. In addition, levels of B-carotene were assayed in tissue samples 
of cancers of the cervix, endometrium, ovary, breast, colon, lung, liver, and rectum and were compared 
with levels of respective adjacent normal sites. The concentrations of 8-carotene were found to be lower in 
ail cancer tissues. The decreased levels of 8-carotene suggest that B-carotene deficiency may have a role’ 
in the cause and/or pathogenesis of leiomyomas and cancers of the organs that were investigated, The 
mechanism of action, however, remains unknown. (Am J OssTeT GYNECOL 1989;161:1649-52.) 


Key words: B-Carotene, human tissue, leiomyoma, cancer 


Increased attention is being focused on the role of 
essential micronutrients in the cause andl possibly pre- 
vention of human cancer, as well as in the maintenance 
of health. The biologic functions of B-carotene (pro- 
vitamin A) and vitamin A are currently of considerable 
interest.’ ? Numerous epidemiologic studies, linking 
diet and nutrition to cancer incidence and mortality, 
suggest a possible antitumor property of Q-carotene, 
independent of its provitamin A activity.** The anti- 
tumor implication is largely based on studies investi- 
gating the relationship between serum B-carotene levels 
and the incidence of specific cancers.*’ 
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A question of mechanistic interest is whether B- 
carotene exerts an independent influence through 
direct interactions at specific target tissues. In animal 
systems, dietary B-carotene supplementation exerts a 
preventive action on the spontaneous incidence of ex- 
perimental tumors.” ” Suda et al.-° demonstrated that 
B-carotene, when applied topically, significantly inhibits 
oral carcinogenesis in an initiation-promotion hamster 
buccal pouch system. Tissue B-carotene levels in can- 
cers of the uterine cervix, endometrium, ovary, and 
breast in humans have not been previously reported. 
We have investigated the tissue levels of ®-carotene in 
coded tissue samples obtained from surgically excised 
specimens of each of these organ sites. In addition, the 
levels of tissue B-carotene in a spectrum of commonly 
encountered carcinomas of the colon, lung, liver, and 
rectum also were determined. 


Material and methods 

Collection of tissue samples. The study protocol was 
approved by the institutional review board. Staff pa- 
thologists of the Weiler Hospital of the Albert Einstein 
College of Medicine provided coded (a) normal, (b) 


1649 


1650 Palan, Mikhail, and Romney 


Table I; B-Carotene concentrations in uterine 
lelomyomas and normal myometrium from 
the same uteri 









B-Carotene (ng/ gm tissue) 





Normal myometrium 
(n = 18) 





Leiomyoma 
Subject 





A.G. 48 39.1 ND* 
A. S. 45 17.5 7.6 
F. M. 47 105.0 23.0 
C. F. 38 57.4 ND 
J.A. 53 35.6 < 50.0 
F. Z. 48 37.0 ND 
H. J. 44 85.0 ND 
J.M. 25 64.0 ND 
C. C. 37 171.0 ND 
S.F. 39 52.3 © 226 
F. S. 60 45.0 ND 
E. R. 49 44.0 38.0 ` 
P.O. 47 106.0 31.0 
W. H. 45 43.0 ND 
M. C. 49 1213 ND 
O. B. 44 25.0 ND 
E. S. 48 -16.8 34.4 
J.S. 60 86.0 76.0 
Mean + SD 64.0 + 11.0 35.3 + 20.6 





*ND, Not detectable by high-pressure liquid chromatog- 
raphy method. 


benign tumor, and (c) malignant tumor tissue samples 
within 2 hours of surgical excision of the involved or- 
gans and after removal of appropriate tissue specimens 
for pathologic assessment. Normal myometrium and 
fibroid tissues were obtained at hysterectomy from the 
same uteri of patients treated for benign gynecologic 
conditions. Tissue samples of various carcinomas, i.e., 
uterine cervix, endometrium, ovary, breast, lung, liver, 
colon, and rectum, were submitted with corresponding 
adjacent. normal, noncancerous tissues obtained from 
the same patients. Before surgery, no special dietary 
restrictions were imposed on any of the patients. 
Each tissue section of the surgical specimen, corre- 
sponding to the tissue samples released for biochemical 


analysis, was marked with india ink and processed for’ 


histologic-histopathologic interpretation by staff pa- 
thologists. Thus each subject served as her own control. 
All the B-carotene analyses were carried out without 
any knowledge of the source of the sample or the pa- 
tient’s clinical status. 

Tissue extraction. Under the assigned code num- 
bers, tumor and normal tissue specimens were collected 
immediately on surgical removal, transported to the 
laboratory in ice-cold 0.05 mol/L Tris buffer, pH 7.2, 
and stored in dark containers at — 80° C until analyzed. 
Handling, processing, and assaying of all materials 
were done under subdued or gold light. 

Samples of tissue (0.5 gm) were washed free of blood 
and homogenized with a Polytron PT homogenizer. An 
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aliquot of the whole homogenate was saponified with 
6% ethanolic potassium hydroxide for 20 minutes at 
60° C in the dark and extracted with hexane (containing 
0.025% butylated hydroxytoluene). Sample extracts 
were dried under nitrogen, redissolved in 300 pl of 
ethanol containing 0.025% butylated hydroxytoluene, 


` and analyzed. 


Analysis of B-carotene by high-pressure liquid 
chromotography. Briefly, 40 wl of the ethanolic extract 
was injected onto a C, column (5 wm) and eluted with 
acetonitrile/methylene chloride/methanol (75:20:5) 
at a low rate of 2 ml/min, with monitoring at 450 nm. 
Results were calculated by use of the peak area of the 
compound over the internal standard. The recovery 
after single extraction of B-carotene was about 95%. 
The coefficient of variation was <10% in all cases. 

Statistical analysis. On completion of the B-carotene 
assays, the study code was broken and a camparative 
analysis was carried out for any association between B- 
carotene tissue levels and histologic or histopathologic 
diagnoses of the tissue specimens obtained from the 
same patients. The sign test of related samples ` 
(matched pairs of observations) was applied to deter- 
mine whether the distribution of changes in the patho- 
logic groups was significant. Because of the small sam- 
ple size of tissues from various organ sites, the sign test 
was performed for all cancer sites combined. 


Results 


A total of 68 samples, consisting of 34 tumor samples 
and an equal number ‘of normal tissue samples, were 
assayed. The surgical indications for removal of the 
various organs were: uterine leiomyoma, 18 patients; 
cancer of the uterine cervix, 5; cancer of the endo- 
metrium, ovary, breast, and colon, 2 each; and cancer 
of the Jung, liver, and rectum, 1 each. 

Leiomyomas and normal myometrium. A compar- 
ison of the B-carotene concentrations in extracts of nor- 
mal myometrium with the levels in fibroid tissues of’ 
the 18 subjects is presented in Table I. The calculated 
mean B-carotene level of 18 normal myometrium sam- 
ples was 64.0 ng/gm tissue whereas the mean level of 
B-carotene in eight fibroid tissue samples was 35.3 
ng/gim tissue. B-Carotene was not detectable (<20 
ng/gm) in the remaining 10 of the 18 fibroid tissue 
samples. When paired, in 16 of the 18 myometrium 
tissues, the fibraid specimens had lower B-carotene, 
concentrations than normal specimens. When pair 
comparisons were analyzed by the sign test, the differ- 
ence was significant (p = 0.0013). 

Carcinomas versus adjacent normal tissues. Among 
the 16 patients with various carcinomas of the cervix, 
endometrium, ovary, breast, lung, liver, colon, and rec- 
tum, a wide range of B-carotene levels (i.e., 70 to 855 
ng/gm wet tissue) was measured in the normal tissues 
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Table II. Tissue B-carotene levels in various cancers and adjacent normal sites in humans 








Subject 





| B-Carolene {ngi gm tissue) 


| 





Normal Cancer 





Reproductive 
W. P. 42 Cervix 320 ND* 
G.S 50 Cervix 360 ND 
M.C 51 Cervix 504 ND 
S. B 68 Cervix 172 ND 
G.F 53 Cervix 360 ND 
RR 62 Endometrium 236 ND 
PL 39 Endometrium 381 ND 
M.S 23 Ovary 320 72 
D. P 31 Ovary 658 ND 

Nonreproductive 
E. B. 44 Breast 681 374 
G. K. 65 Breast 140 129 
E. S. 70 Colon 75 39 
I. S. 69 Colon 70 ND 
W. S. 57 Lung 401 ND 
J.P. 53 Liver 855 95 
J.S. 59 Rectum 150 145 





*ND, Not detectable by high-pressure liquid chromatography method. 


adjacent to cancer sites in the same excised surgical 
specimen. In contrast, B-carotene content was either 
reduced (n = 6) or nondetectable (n = 10) in cancer 
tissues of the various organs that were assayed com- 
pared with those of normal tissues (Table II), When 
pair comparisons were analyzed for all cancer sites com- 
bined by the sign test, the difference was highly sig- 
nificant (p = 0.0004). 


Comment 


This is the first study to report comparative B- 
carotene levels in normal and cancer tissue sites of uter- 
ine cervix, endometrium, myometrium, ovary, breast, 
colon, lung, liver, and rectum derived from surgically 
excised human specimens. The assays were measured 
by a specific and sensitive analytic high-pressure liquid 
chromatography method. Tumor tissue from these var- 
ious organ sites and adjacent normal tissue were sam- 
pled and released for B-carotene analyses by staff pa- 
thologists under assigned code numbers. The analyses 
were carried out as unknowns without any knowledge 
of origin of the tissue or the patient’s clinical status. 
The histologic or histopathologic nature of the tissue 
submitted was determined microscopically. B-Carotene 
was detected in all of the normal tissues in variable 
amounts. Tissue concentrations were significantly 
lower in the benign leiomyomas when compared with 
the amounts present in adjacent normal myometrium. 
The results of this pilot study revealed variable amounts 
of ®-carotene in normal tissues, whereas lower or non- 
detectable B-carotene levels were measured in fibroid 
and different cancer tissues. In this study blood samples 
were not obtained from the patients. At present, si- 


multaneous measurements of B-carotene levels in 
blood and tissues are being carried out to investigate 
the cause/effect relationship of our findings. 

Human adipose tissue and the liver are important 
sites for storage and deposition of carotenoids. Most 
previous reports used nonsensitive spectrophotometric 
methods for the determination of total carotenoids or 
B-carotene in limited kinds of human tssues.'!” The 
present findings are additionally important because the 
B-carotene levels in human female reproductive or- 
gans, as well as in the breast, colon, lung, liver, and 
rectum, were determined by a sensitive high-pressure 
liquid chromatography method. Our B-carotene values 
are comparatively lower than those reported for tissues 
of other human organs (10.8 ug carotene per gram 
adrenal, 4.7 ug carotene per gram testis, 150 pg per 
gram liver).'' Spectrophotometric analyses of tissue 
extracts of the total carotene content are not as sensi- 
tive. The human uterus, ovary, breast, colon, lung, and 
rectum are not primary storage sites for B-carotene. 
Recently it was reported that the bovine ovarian corpus 
luteum can hydrolyze B-carotene suggesting that the 
ovary may store or use f-carotene as a source of 
retinol." 

The renewed interest in B-carotene, per se, in ad- 
dition to its recognized provitamin A activity, is in 
its postulated role as a potential cancer protective 
agent.’ ° However, definitive evidence in support of 
this hypothesis in the pathogenesis of human neo- 
plasms and possible mechanistic leads of a role for this 
micronutrient in cancer protection has thus far not 
been elucidated. B-Carotene has been reported to in- 
hibit chemically induced tumor growth.'* More than 
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any other carotene, B-carotene is a free-radical trap and 
efficient quencher of singlet oxygen. Singlet oxygen is 
a known reactive form of oxygen that is both mutagenic 
and effective in causing lipid peroxidation. ® 

The human diet contains many natural mutagens 
and carcinogens that may act through the generation 
of oxygen radicals.” The dietary consumption of nat- 
ural antioxidants, such as vitamins C and E, as well as 
f-carotene, may enhance the host’s ability to detoxify 
such carcinogens. Exposure to other potential carcin- 
egens, including human papillomavirus, may induce 
increased essential micronutrient requirements of tis- 
sues and an altered epithelial metabolism. While tissue 
availability of B-carotene may not be related directly to 
dietary intake, the decreased levels of -carotene in 
leiomyomas and cancer tissues investigated suggest zhat 
a deficiency of tissue B-carotene may be a confounding 
variable in the multifactorial etiology of both benign 
and malignant neoplasms. 

These findings focus attention on the possible met- 
abolic interactions of ®-carotene in commonly encoun- 
tered gynecologic neoplasms, as well as malignant tu- 
mors of the breast, colon, lung, liver, and rectum. Basic 
studies are needed to elucidate the potential impor- 
tance of B-carotene, possibly other carotenoids, anc the 
synergistic interaction of other essential micronutrients 
in the etiology of human cancer and the role of nutri- 
tion in its prevention. 


We thank Dr. Boyce Bennett of the Weiler Hospital 
of the Albert Einstein College of Medicine and his staff 
for providing surgical specimens and histopathologic 
diagnoses. i 


REFERENCES 


1. Peto R, Doli R, Buckley JD, Sporn MB. Can dietary B- 
carotene materially reduce human cancer rates? Nature 
1981;290:201-8. 

2. Stahelin HB. Vitamins and cancer. Recent Results Cancer 
Res 1988;108:227-34. 


17. 


18. 


19. 


December 1989 
Am J Obstet Gynecol 


. Ziegler RG, Mason TJ, Stemhagen A, et al. Carotenoid 


intake, vegetable, and the risk of lung cancer among white ` 
men in New Jersey. Am J Epidemiol 1986;123:1080-93. 


. Paganini-Hill A, Chao A, Ross RK, Henderson BE. Vi- 


tamin A, beta-carotene, and the risk of cancer: a pro- 
spective study. JNCI 1987;79:443-8. 


. Wald NJ, Boreham J, Hayward JL, Bulbrook RD. Plasma 


retinol, B-carotene and vitamin E levels in relation to the 
future risk of breast cancer. Br J Cancer 1984;49:321-4. 


. Nomura AMY, Stemmermann GN, Heilbrun LK, Salkeld 


RM, Vuilleumier JP. Serum vitamin levels and the risk of 
cancer specific sites in men of Japanese ancestry in Hawaii. 
Cancer Res 1985;45:2369-72. 


. Menkes MS, Comstock GW, Vuilleumier JP, Helsing KJ, 


Ridder AA, Brookmeyer R. Serum beta-carotene, vita- 
mins A and E, selenium, and the risk of lung cancer. 
N Engl J Med 1986;315:1250-4, 


. Mathews-Roth MM. Antitumor activity of B-carotene, can- 


thaxanthin and phytoene. Oncology 1982;39:33-7. 


. Temple NJ, Basu TK. Protective effect of B-carotene 


against colon tumors in mice. JNCI 1987;78:1211-4. 


. Suda R, Schwartz J, Shklar G. Inhibition of experimental 


oral carcinogenesis by topical beta carotene. Carcinogen- 
esis 1986;7:711-5. 


. Raica N Jr, Scott J, Lowry L, Sauberlich HE. Vitamin A 


concentration in human tissue collected from five areas 
in the United States. Am J Clin Nutr 1972;25:291-6. 


. Mathews-Roth MM, Abraham AA, Gabuzda TG. B- 


Carotene content of certain organs from patients receiv- 
ing high doses of ®-carotene. Clin Chem 1976;22:922-4. 


. Dagadu JM. Distribution of carotene, and vitamin A in 


liver, pancreas and body fat of Ghanians. Br J Nutr 
1967;21:453-6. 


. Sklan D. Carotene cleavage activity in the corpus luteum 


of cattle. Int J Vitam Nutr Res 1983;53:23-6. 


. Temple NJ, Basu TK. Does beta carotene prevent cancer? 


A critical appraisal. Nutr Res 1988;8:685-701. 


. Alam BS, Alam SQ. The effect of different levels of di- 


etary B-carotene on DMBA-induced salivary gland tu- 
mors. Nutr Carcer 1987;9:93-101. 

Peng A, Rundhaug JE, Yoshizawa CN, Bertram JS. B- 
Carotene and canthaxanthin inhibit chemically and phys- 
ically induced neoplastic transformation in 10T 1/2 cells. 
Carcinogenesis 1988;9:1533-9. 

Machlin LT, Bendich A. Free radical tissue damage: pro- 
tective role of antioxidant nutrients. FASEB J 198751: 
441-5, 

Ames BN. Dietary carcinogens and anticarcinogens. Sci- 
ence 1983;221:1256-64. 


Compensatory ovarian hypertrophy occurs by a mechanism 
distinct from compensatory growth in the regenerating liver 


Ronald D. Alvarez, MD, William E. Grizzle, MD, PhD, Lori J. Smith, and 
Donald M. Miller, MD, PhD 


Birmingham, Alabama 


The mechanism by which compensatory ovarian growth occurs is complex and not completely understood. 
To compare the molecular events in compensatory ovarian growth with those known to occur in other 
compensatory growth processes such as the regenerating liver, the temporal pattern of proto-oncogene 
expression and dexoyribonucleic acid synthesis was investigated in rat ovarian tissue after unilateral 
castration. One hundred fifty female rats were subjected to either a left hemioophorectomy or a sham 
oaphorectomy. Twenty-four rats from each group were put to death at 3 and 14 days after the initial 
procedure and the ovaries were weighed. There was a mean compensatory weight increase in the right 
ovaries of the hemioophorectomy group of 7.9% at 3 days and 22.5% at 14 days. The temporal pattern of 
proto-oncogene expression was determined by removing the right ovary from six rats in each group at 4, 
8, 12, 24, 36, and 48 hours after the initial procedure. The ovaries were paired into three samples in each 
group for each time point and the ribonucleic acid was extracted. Dot blot hybridization was performed on 


each ribonucleic acid sample with radiolabeled complementary dexoyribonucleic acid probes for the 
proto-oncogenes c-myc, c-HA-ras, and c-fos. There was no significant increase in proto-oncogene 
expression in the right ovaries of the hemioophorectomy group when compared with the right ovaries of 
the sham oophorectomy group. The temporal pattern of dexoyribonucleic acid synthesis was determined 
by removing the right ovary from three rats in each group at 8, 12, 24, 36, and 48 hours after the initial 
procedure. Each rat had been injected intraperitoneally with PH]thymidine 2 hours before the right 
oophorectomy. The specific activity of dexoyribonucleic acid extracted from each ovarian sample did not 
demonstrate a significant increase in ovarian dexoyribonucleic acid synthesis after hemioophorectomy or 
any significant difference in dexoyribonucleic acid synthesis between the hemioophorectomy and the sham 
oophorectomy groups. This report concludes that compensatory ovarian growth occurs by a mechanism 
distinct from compensatory growth in the regenerating liver. (AM J OssTeT GYNECOL 1989;161:1653-7.) 


Key words: Compensatory ovarian growth 


Compensatory ovarian growth has been demon- 
strated to occur in the rat and other animal models 
after unilateral castration.” It has been hypothesized 
by some investigators that compensatory ovarian 
growth occurs as a result of an increase in gonadotropin 
secretion stimulated by declining levels of ovarian ste- 
roids or by declining levels of an “inhibin-like” fac- 
tor.*” Others have postulated a functional role of the 
peripheral autonomic nervous system in compensatory 
ovarian growth.*" 

In other compensatory growth processes, cellular 
proliferation is preceded by an increase in proto- 
oncogene expression. For example, increased expres- 
sion of the proto-oncogenes c-myc, c-Ha-ras, and c-fos 
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precedes an increase in dexoyribonucleic acid (DNA) 
synthesis and cell proliferation in the regenerating liver 
after partial hepatectomy.'''® No study to date has re- 
ported the molecular events in compensatory ovarian 
growth or compared these events with the molecular 
events in regenerating liver. It is the purpose of this 
study to do so by investigating the temporal pattern of 
proto-oncogene expression and DNA synthesis in rat 
ovarian tissue after unilateral castration. 


Material and methods 

Animals. Fischer rats (weight range 106 to 177 gm) 
were housed under controlled conditions of tempera- 
ture, humidity, and light (lights on 12 hours and lights 
off 12 hours). All animals were fed water and standard 
rat chow as desired. Institutional guidelines for the care 
and experimental use of animals were strictly adhered 
to. 

Determination of compensatory growth. Twelve fe- 
male rats were subjected to a left hemioophorectomy 
and 12 female rats were subjected to a sham oopho- 
rectomy both through a ventral midline abdominal in- 
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Fig. 1. Mean fold increases in proto-oncogene expressian in 
the hemioophorectomy (ULO) and sham oophorectomy 
(SHAM) groups. The right ovaries were excised from each 
group at various intervals between 4 and 48 hours afte: the 
initial procedure. RNA extracted from ovarian samples was 
analyzed by dot hybridization to radiolabeled cDNA probes 
for the proto-oncogenes c-myc, c-HA-ras, and c-fos. 


cision with the animals under ketamine anesthesia. En- 
capsulating fibroadipose tissue was trimmed from the 
excised ovaries and the ovaries were weighed individ- 
ually. At 3 and 14 days after the initial procedure, the 
remaining ovaries were excised from six rats in each 
group, trimmed of fibroadipose tissue, and individually 
weighed. 

The amount of compensatory ovarian growth was 
calculated by the formula: 


Compensatory growth (%) = RB x 100 
where R, is the mean weight of the right ovaries ia the 
hemioophorectomy group and R, is the mean weight 
of the right ovaries in the sham oophorectomy group. 

The experiment was repeated in 24 additional female 
rats, and the mean compensatory ovarian growth was 
determined from the results of the two experiments. 

Determination of proto-oncogene expression. 
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Thirty-six female rats were subjected to a left hemioo- 
phorectomy and 36 were subjected to a sham oopho- 
rectomy. At 4, 8, 12, 24, 36, and 48 hours after the 
initial surgery, six rats from each group were put to 
death. The right ovaries were excised and paired into 
three samples in beth study groups for each time point 
and immediately frozen in liquid nitrogen. 

Total cellular ribonucleic acid (RNA) was isolated 
from each sample by the method described by Chom- 
czynski and Sacchi.” RNA was extracted from pulver- 
ized frozen tissue homogenized in a guanidium thio- 
cyanate solution. After phenol-chloroform extraction 
the RNA was precipitated with isopropanol and quan- 
titated by absorption spectrophotometry. RNA sam- 
ples from each time point in both the hemioophorec- 
tomy group and the sham oophorectomy group were 
analyzed by dot hybridization.'®’ Each RNA sample 
was assayed by hybridization to complementary DNA 
(cDNA) probes for the c-myc, c-Ha-ras, and c-fos proto- 
oncogenes. The cDNA insert for each probe was pu- 
rified by preparative gel electrophoresis and radiola- 
beled by nick translation.’® Autoradiograms of each fil- 
ter were analyzed by laser clensitometry, and the mean 
increase in proto-oncogene expression was plotted for 
both the hemioophorectomy and the sham oophorec- 
tomy group. 

Determination of DNA synthesis. Fifteen female rats 
were subjected to a left oophorectomy and 15 under- 
went a sham oophorectomy. At 6, 10, 22, 34, and 46 
hours after the initial procedure, three rats from each 
group were injected intraperitoneally with 200 mCi of 
("H]thymidine diluted in 1 ml of saline solution. Two 
hours later the right ovaries were excised from each 
rat and immediately frozen in liquid nitrogen. 

Cellular DNA was isolated from each frozen ovary 
specimen by proteinase K digestion and phenol ex- 
traction.”” The rate of DNA synthesis in the hemioo- 
phorectomy group and in the sham oophorectomy 
group was determined by measuring the specific activ- 
ity of each DNA sample and by calculating the mean 
specific activity for each time point. 


Results 


The mean compensatory weight increase in the 
right ovaries of the rats who had undergone left 
hemioophorectomy was 7.9% at 3 clays and 22.5% at 
14 days. This degree of compensatory ovarian growth 
is in agreement with that seen by previous investiga- 
tors." * >” This compensatory growth is less dramatic 
than that seen in the regenerating liver, which has a 
300% to 500% increase in mass within 7 to 14 days after 
partial hepatectomy." 

As demonstrated in Fig. I, there is no significant 
difference in the level of expression of the proto- 
oncogenes c-myc, c-HA-ras, and c-fos between the right 
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ovaries of the hemioophorectomized rats and the right 


ovaries of the sham oophorectomized group. This is in 


clear contradistinction to the observations in regener- 
ating liver. Previous studies conducted in our labora- 
tory have demonstrated a sevenfold to eightfold in- 
crease in c-mye expression within 3 hours after partial 
hepatectomy (Campbell VW, Rousell J, Rigsby D, et al. 
Selective inhibition of c-myc expression by mithramycin 
prevents hepatocyte proliferation in regenerating liver. 
Unpublished data). Others have reported as much as 
a fifteenfold increase in c-myc expression during the 
same time period.’*"" The c-myc expression returns to 
baseline, only to rise again to a less pronounced level 
of expression between 8 and 24 hours after partial hep- 
atectomy (Campbell VW, Rousell J, Rigsby D, et al. 
Selective inhibition of c-myc expression by mith- 
ramycin prevents hepatocyte proliferation in regen- 
erating liver. Unpublished data). The c-Ha-ras expres- 
sion has been demonstrated by our previous studies! 
and by others'* '*'* to increase 200% to 300% within 
48 hours after partial hepatectomy. Fig. 2 graphically 
compares our observations of the pattern of c-myc and 
c-Ha-ras expression in compensatory ovarian growth 
and in regenerating liver. In similar studies, c-fos levels 
have been shown to be at least fourfold above normal 
30 minutes after partial hepatectomy, only to decline 
by 2 hours. A second twofold increase in c-fos 
expression occurs at 8 hours after partial hepa- 
tectomy. 

As shown in Fig, 3, there is no significant increase in 
ovarian DNA synthesis after hemioophorectomy. The 
level of DNA synthesis in the hemioophorectomy and 
the sham oophorectomy groups is not significantly dif- 
ferent at any time during the first 48 postoperative 
hours. In contrast, there ts a dramatic burst of DNA 
synthesis in the regenerating liver that occurs 20 to 24 
hours after partial hepatectomy.” Our previous studies 
(Campbell VW, Rousell J, Rigsby D, et al. Selective ‘in- 
hibition of c-myc expression by mithramycin prevents 
hepatocyte proliferation in regenerating liver. Unpub- 
lished data) have demonstrated peak [*H]thymidine in- 
corporation into regenerating hepatocytes approxi- 
mately 20 hours after partial hepatectomy. The pattern 
of DNA synthesis in the regenerating liver is compared 
with that in compensatory ovarian growth in Fig. 4. 


Comment 


In this investigation the molecular events surround- 
ing compensatory ovarian growth have been compared 
with those that occur during liver regeneration. The 
results of these experiments indicate that the early 
events of compensatory ovarian growth are quite dif- 
ferent from those of liver regeneration. The distinction 
between these types of compensatory growth may re- 
flect two basic mechanisms by which different organs 


Compensatory ovarian hypertrophy 1655 





4.0 C-HA-RAS 


RELATIVE RNA CONCENTRATION 





O 4 812 


18 24 36 48 
TIME 


Fig. 2. Mean fold increase in proto-oncogene expression in 
regenerating liver and compensatory ovarian growth. In pre- 
vious studies (Campbell VW, Rousell J, Rigsby D, et al. Selec- 
tive inhibition of c-myc expression by mithramycin prevents 
hepatocyte proliferation in regenerating liver. Unpublished 
data) RNA extracted from regenerating liver within 24 hours 
after partial hepatectomy was analyzed by dot hybridization 
to radiolabeled cDNA probes for the proto-oncogenes c-mye 
and c-HA-ras. 


respond to injury. In spite of an increase in mass of 
the remaining ovary, there appears to be no increase 
in the expression of the c-myc, c-Ha-ras, or c-fos proto- 
oncogenes and no increase in DNA synthesis during 
compensatory ovarian growth. , 

The apparent dissimilarities in compensatory growth 
between these two organ systems raise several key is- 
sues. First, does the magnitude of compensatory 
growth explain the differences in the molecular events 
during compensatory growth in these two systems? The 
regenerating liver approaches its original weight by 7 
days after partial hepatectomy.'' However, by 14 days 
after hemioophorectomy, compensatory growth in the 
contralateral ovary is only slightly >20%. Increased 
proto-oncogene expression may have evolved as a 
mechanism to initiate more rapid growth in more vital 
organ systems. The magnitude of compensatory ovar- 
ian growth may explain the differences in this process 
when compared with that in regenerating liver, al- 
though the complete absence of even a proportional 
increase in proto-oncogene expression and in DNA syn- 
thesis in compensatory ovarian growth argues against 
this. 

Second, although there appears to be no increase in 
expression of the proto-oncogenes c-myc, c-Ha-ras, and 
c-fos, our results do not exclude the possibility that other 
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Fig. 3. DNA synthesis in the hemioophorectomy (ULO) and sham ovariectomy (SHAM) groups. Each 
rat was injected intraperitoneally with 200 mCi of [’H]thymidine at various intervals between 6 and 
46 hours after the initial procedure. The right ovaries were excised 2 hours after ["H]thymidine 
injection and DNA was extracted. The level of DNA synthesis was determined by calculating the 


mean specific activity for each time point. 
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Fig. 4. DNA synthesis in regenerating liver and compensatory ovarian growth. In previous studies 
(Campbell VW, Rousell J, Rigsby D, et al. Selective inhibition of c-myc expression by mithramycin 
prevents hepatocyte proliferation in regenerating liver. Unpublished data) DNA was extracted from 
regenerating liver 1 hour after intraperitcneal injection of [*H]thymidine at various intervals between 
6 and 30 hours after partial hepatectomy. The level of DNA synthesis was determined by measuring 
the specific activity of each sample at each time point. 


proto-oncogenes may be involved in the compensatory 
ovarian growth process. Many of the known proto- 
oncogenes have been documented to have increased 
expression in both normal and abnormal (neoplastic) 
cell transformation processes.**” Although increased 
c-myc expression has provided an accurate marker for 
cellular proliferation in other growth processes, the re- 
sults of this experiment do not exclude the possibility 
of a more ovary-specific proto-oncogene that may ini- 


tiate a slower growth mechanism in the compensatory 
ovarian growth process. 

Last, are hypertrophic, rather than hyperplastic, cell 
processes involved in the early events of compensatory 
ovarian growth? If hyperplasia plays a major role in 
compensatory growth, cell divison and DNA synthesis 
should occur. Contrary to the events in the regener- 
ating liver, there appears to be no measureable increase 
in DNA synthesis in the remaining ovary within the 
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first 48 hours after hemioophorectomy according to the 
results of this study. The molecular distinction between 
hypertrophic and hyperplastic changes is uriclear, but 
it would appear from our data that should hypertrophic 
changes occur in compensatory ovarian growth, they 
_ do so by a pathway different from the hyperplastic 
changes in regenerating liver. 
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Assessment of epidermal growth factor in the healing process 
of clean full-thickness skin wounds 


Alfredo J. Jijon, MD, Donald G. Gallup, MD, M. Ali Behzadian, PhD, and 


William P. Metheny, PhD 
Augustia, Georgia 


Esidermal growth factor is a potent stimulant of epithelialization. However, the usefulness of topical 
applications of epidermal growth factor in accelerating wound healing in full-thickness skin wounds with a 
large panniculus adiposus has not been clear. Four full-thickness skin incisions were made in the back of 
10 female pigs that treated twice a day for 14 days with 2 ml of epidermal growth factor (S00 ng/ml!) or 

2 ml of Ringer's lactate solution in a single-blind, randomized fashion. Two pigs received only epidermal 
growth factor, two pigs received only Ringer’s lactate solution, and six pigs were treated with both 
solutions. The original skin plug was weighed to ensure similarity of groups. Photographs and 
measurements of each incision were taken every 7 days. The mean surface areas of the incisions treated 
with epidermal growth factor were'8.45, 7.50, and 2.30 cm?: in the incisions treated with Ringer's lactate 
solution the measurements were 8.42, 8.16, and 2.37 cm? on observation days 1, 7, and 14, respectively. 
Although a trend toward a faster healing rate was noted in the incisions treated with epidermal growth 
factor, this difference was not statistically significant. With the doses and the time interval used between 
treatments, minimal benefit was obtained with epidermal growth factor when compared with Ringer's 


lactate solution, (AM J Osstet Gynecoi 1989;161:1658-62.) 


Key words: Epidermal growth factor, wound healing 
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The different properties of epidermal growth factor 
have been established. It is a potent stimulant of epi- 
thelialization both in vivo and in vitro. It has been noted 
to increase the thickness of the epidermis, increase the 
epithelial cell proliferation and keratinization,’ and ac- 
celerate wound contraction.” Thus its use generally re- 
sults in decreased wound contracture and scarring.’ 
Epidermal growth factor also decreases the thickness 
of the skin by decreasing the amount of fat,' and stim- 
ulates protein synthesis,* Most studies on the wound- 
healing properties of epidermal growth factor have 
been done in split- or partial-thickness skin wounds in 
animals that have a small panniculus adiposus.* > “* 

Our study was designed to evaluate the in vivo ef- 
fectiveness of epidermal growth factor in accelerating 
epithelial regeneration in full-thickness skin wounds in 
an experimental animal model with a large panniculus 
adiposus to determine the potential application of epi- 
dermal growth factor in superficial abdominal wound 
breakdown. If wound healing is accelerated, the use of 
epidermal growth factor could potentially decrease 
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hospitalization time, costs, and discomfort for affected 
patients. Its application could be useful in patients with 
infection, hypoproteinemia, and diabetes, not uncom- 
mon conditions occurring in some patients in our spe- 
cialty. 


Material and methods 


Ten female pigs of approximately 2 to 3 months of 
age served as animal models. Pigs were chosen because 
of their large panniculus adiposus. Four full-thickness 
skin incisions, including the panniculus carnosus, were 
made with a sterile knife in the back of each animal, 
two on the right side and two on the left side. Each 
incision was 5 cm long and 1.5 cm wide. The cuts were 
made with a sterile technique and with the animals 
under general anesthesia. Permission for this study was 
obtained from the Committee on Animal Use for Re- 
search and Education at the Medical College of Geor- 
gia; all guidelines for the care and use of animals at 
our institution were followed. The tissue removed was 
weighed. Each wound was assigned a number, mea- 
sured, and photographed from a standard distance of 
50 cm. 

Two solutions were prepared; one contained 300 ng 
of epidermal growth factor per milliliter of Ringer’s 
lactate solution, and the other contained only Ringer's 
lactate solution. A laboratory assistant, blinded to the 
intent of the study, marked the two solutions as red or 
green. 
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The ten pigs were divided into three groups: group 
1, two pigs with eight incisions that were treated only 
with green solution; group 2, two pigs with eight in- 
cisions treated only with red solution; group 3, six pigs 
in which the incisions on the left received the green 
solution and the incisions on the right received the red 
solution. Thus a total number of 40 incisions were stud- 
ied; 20 were treated with the green solution and 20 
with the red solution, Treatments of the incisions were 
done twice a day after the pigs were sedated. Wet-to- 
dry dressing changes with 2 ml of either the green or 
the red solution were applied. Each pig was caged sep- 
arately and supplied with regular food and water. The 
duration of the project was 14 days. 

Measurements of the incisions were done every 7 
days with the pigs under heavy sedation, for a total of 
three measurements of each incision. The maximum 
and minimum length, depth, and width were obtained, 
and from these values a maximum, minimum, and 
mean area and volume were calculated. 

Each incision was photographed every 7 days with a 
ruler placed on its side to more accurately measure the 
surface of the wound. Color slides were obtained. Each 
individual slide was projected onto sheets of standard- 
ized batches of paper from exactly the same distance 
so that the length of the ruler was always kept constant. 
The margins of each wound picture were traced, cut, 
and weighed. f 

As a sideline to this experiment, we compared the 
correlations among the three different measurements 
used to assess wound healing. We examined these cor- 
relations to determine whether all three measurements 
are necessary for future studies in this line of investi- 
gation. A strong correlation (>0.80) would suggest that 
only one assessment method is necessary. 

Before the analysis the code was broken, and it was 
established that the green solution contained the epi- 
dermal growth factor and the red solution contained 
the placebo. 

The results were analyzed with an independent ¢ test 
and a repeated-measures analysis of variance test with 
a single covariate, and the Pearson Product-Moment 
correlation coefficient. The a-value was set at 0.05 with 
a one-tailed test. We considered that the sample size of 
20 incisions per condition would provide sufficient 
power to detect significant differences, judging from 
the large effect size (>0.08) yet low power (<0.30) 
as a result of small samples observed in previous 
studies,” 149 


Results 


During each observation means and standard devia- 
tions were calculated for each of the three variables: 
surface area, wound volume, and weight of the tracing 
paper. To ensure that the individual values did not 
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Table I. Initial values (mean + SD) of wounds 
per treatment condition 













Ringer's lactate 
solution and epidermal 
growth factor 


Ringer's lactate 
solution and 
blacebo 






Assessment 
measurements 





Skin plug (gm) 3.43 + 0.86 3.64 + 0.68 

Surface area 8.45 + 0.41 8.41 + 0.48 
(cm”) 

Wound area 3.67 + 0.98 4.06 + 0.93 
(cm*) ' 

Weight of paper 0.82 + 0.07 0.84 + 0.08 


tracing (gm) 





make a difference, we used the weight of the skin plug 
as covariate in our analysis. ' 

The weight of the skin plug removed at the beginning 
of the experiment was nearly equivalent for both 
groups, and the values were not statistically different 
according to an independent ¢ test. The values of the 
two groups with regard to surface area, wound volume, 
and the weight of paper tracing were roughly equiva- 
lent, and no statistically significant differences were 
found between them (Table J). 

We subsequently performed three separate analyses 
and used the weight of the skin plug removed from 
each pig at the beginning of the experiment as a control 
for each. In the first analyses we compared the mean 
surface area for the 3 days of observation. On obser- 
vation day | (initiation of the study) the mean surface 
area was 8.45 cm? in the epidermal growth factor group 
and 8.41 cm? in the placebo group. On observation day 
7 the area was 7.50 cm? (+ 2.1) and 8.16 cm? (+2,16) 
in the epidermal growth factor and placebo groups, 
respectively. On observation day 14 the area was 
2.30 cm? (+ 1.15) and 2.37 cm? (= 1.18) in the epider- 
mal growth factor and placebo groups respectively 
(Fig. 1). 

An identical analysis was conducted for the weight 
of the paper tracing. On observation day 1 the weight 
of the paper tracing of the projected slides of the in- 


‘ cisions was 0.82 gm, and 0.84 mg in the epidermal 


growth factor and placebo groups, respectively. On ob- 
servation day 7 the weight was 0.75 gm (+ 0.26) and 
0.80 gm (+0.23) in the epidermal growth factor and 
placebo groups, respectively. On observation day 14 the 
weight was 0.24 gm (+0.11) and 0.25 gm (+0.12) in 
the epidermal growth factor and placebo groups, re- 
spectively (Fig. 2). 

In the third analysis the mean wound volume only 
was compared during the first two observations because 
it was thought that at the end of the experiment all 
incisions could have a depth of zero. On observation 
day 1 the wound volume was 3.67 cm’ and 4.06 cm* in 
the epidermal growth factor and placebo groups, re- 
spectively. On observation day 7 the volume was 
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Mean surface oroa in cm.? 





Day 1 Day 7 Day 14 
Observations 


Fig. 1. Plotted comparison of two treatments for wound heal- 
ing measured by mean surface area in square centimeters at 
three observation points. 


0,9 


0.8 —t-—~ RINGERS + EGF 
——t-——~ RINGERS + PLACEBO 


Paper tracing weight [n grams 





Day 1 ` Day 7 Day 14 


Observations 


Fig. 2. Ploued comparison of two treatments for wound heal- 
ing measured by mean weight in grams from paper tracings 
of surface area photographs at three observation points. 


0.72 cm* (£1.28) and 0.92 cm* (+ 1.33) in the epider- 
mal growth factor and placebo groups, respectively. On 
observation day 14 both groups of incisions had a vol- 
ume of 0 (Fig. 3). 

Although a faster healing rate was noted in incisions 
treated with epidermal growth factor compared with 
those treated with placebo, in none of the three analyses 
was this difference found to be statistically significant. 
Nevertheless, all.three analyses demonstrated a time 
effect in the healing rate, independent of group. Most 
healing occurred during the first week. 

The incisions were then analyzed according to the 
initial three groups of treatment: group 1, those inci- 
sions made in the two pigs that only received epidermal 
growth factor; group 2, those incisions made in the two 
pigs that only received placebo; and group 3, those 
incisions made in the six pigs that received both epi- 
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Mean wound volume in ¢m.3 





Day 1 Day 7 
Observations 


Day 14 


Fig. 3. Plotted comparison of two treatments for wound heal- 
ing measured by mean volume in cubic centimeters at three 
observation points. 


dermal growth factor and placebo. This group was di- 
vided for the purpose of the analysis into two groups: 
group 3.1, incisions on the left side of the pigs that 
received only epidermal growth factor; group 3.2, in- 
cisions on the right side of the pigs that received only 
placebo. 

In the study of the incisions by treatment groupings, 
we noted that the groups were statistically equivalent 
(see Figs. 4 and 5) at the onset of the experiment. How- 
ever, by observation day 7 the incisions in koth groups 
l and 2 had healed faster than those in both groups 
3.1 and 3.2. The groups were roughly equivalent by 
observation day 14, since no statistically significant dif- 
ferences appeared. These results indicate that incisions 
on animals treated with only one solution, either epi- 
dermal growth factor or placebo, healed faster than 
incisions on animals that received epidermal growth 
factor on the left side and placebo on the right side. 

As a third component of this study, we examined the 
correlations among the three different methods used 
to assess wound healing. The correlation of 0.92 be- 
tween surface area and mean wound volume indicates 
that these two methods are equivalent. Surface area also 
correlated significantly with the weight of the paper 
tracing measure ir = 0.75). The paper tracing measure 
showed a weaker relationship with mean wound vol- 
ume (r = 0.65). , 


Comment 


Controversy still exists concerning the actual benefit 
of epidermal growth factor in accelerating wound heal- 
ing. Some have found epidermal growth factor to be 
useful,” ***° whereas others have found no significant 
effect.”* Because of this controversy we used three dif- 
ferent assessment methods of wound healing to eval- 
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uate epidermal growth factor in the pig model. Thus 
confirmation of our values was attained. Analyses of 
the correlation of the different assessment methods 
showed that surface area provides the optimal method 
for assessing wound healing. 

Many animals tend to Jick their open wounds. This 
observation and the documented presence of epider- 
mal growth factor in the saliva led Niall et al.® to eval- 
uate its use in open granulating wounds. They noted 
that topical applications of epidermal growth factor en- 
hanced wound closure and demonstrated that the heal- 
ing rate was faster in both intact or castrated male rats 
than in female rats. They postulated an androgen- 
dependent cell sensitivity to epidermal growth factor 
but noted that such sensitivity does not require the 
continuous presence of androgens for its expression. 
Hutson et al.? demonstrated that mice caged in groups 
healed faster than those caged separately; however, sia- 
loadenectomized mice caged in groups did not. To 
avoid the potential androgenic influence on the activity 
of epidermal growth factor, we used only female pigs. 
Each pig was caged separately to avoid licking of the 
incisions. 

Franklin and Lynch’ performed full-thickness inci- 
sions in rabbits’ ears and demonstrated that the wound 
defects treated with epidermal growth factor filled 
sooner with more cellular elements, thus leaving less 
space for collapse by wound contracture. Brown et al.’ 
also found that epidermal growth factor significantly 
accelerates epidermal regeneration in partial-thickness 
skin burns of miniature pigs. Greaves et al.” were unable 
to see any effect in otherwise healthy skin wounds of 
five human volunteers. Thornton et al. used once-a- 
day treatments in partial-thickness skin wounds and 
obtained similar results. We chose twice-a-day treat- 
ments, a regimen frequently used in wound. break- 
downs in our patients. 

Epidermal growth factor has two types of cellular 
receptors. The high-affinity receptors seem to play 
the major role for epidermal growth factor stimulation 
of cell division, and these receptors are stimulated at 
low concentrations of epidermal growth factor. Low- 
affinity receptors are stimulated with higher concen- 
trations of epidermal growth factor, a process of down- 
regulation of the receptors is produced, and an inhib- 
itory effect of cell division is seen.'*"' Behzadian et al." 
demonstrated that blocking low-affinity receptors by a 
specific monoclonal antibody does not decrease the cel- 
lular response to epidermal growth factor and the sub- 
sequent stimulation of deoxyribonucleic acid synthesis. 
They concluded that low concentrations of epidermal 
growth factor (100 to 200 ng/ml), which mainly stim- 
ulate high-affinity receptors, are ideal for cellular pro- 
liferation. Our choice of 300 ng/ml was based on this 
information. However, we recognize that the topical 
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Fig. 4. Plotted comparison of two treatments, grouped by con- 
dition within subject, for wound healing measured by mean 
surface area in centimeters at three observation points: group 
1, incisions treated with epidermal growth factor only; group 
2, incisions treated with placebo only; group 3.1, incisions on 
left side treated with epidermal growth factor; group 3.2, in- 
cisions on right side treated with placebo. 
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Fig. 5. Plotted comparison of two treatments, grouped by con- 
dition within subject, for wound healing measured by mean 
weight in grams from paper tracing of surface area photo- 
graphs at three observation points: Group 1, incisions treated 
with epidermal growth factor only; group 2, incisions treated 
with placebo only; group 3.1, incisions on left side treated with 
epidermal growth factor; group 3.2, incisions on right side 
treated with placebo. 


application of the ligand on a live animal could never 
be as precise and uniform as noted in in vitro studies. 
We applied 2.0 ml of the solution to each wound, since 
this amount completely moistened the gauze. 

When the analysis was done by groups of treatment, 
pigs with half of their incisions treated with either epi- 
dermal growth factor or placebo were statistically dif- 
ferent from those pigs with all four of their incisions 
treated with either epidermal growth factor or placebo. 
The healing rate was faster when only one solution was 
used on the same animal. However, no significant dif- 
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ference was noted between the incisions on the animals 
that received either only one solution or both solutions. 
These results suggest that a systemic regulation of epi- 
dermal growth factor may be present. 

In summary, a trend toward faster healing in the 


incisions treated with epidermal growth factor was: 


noted. The benefit of using epidermal growth factor 
to accelerate the healing of full-thickness skin wounds 
in the pig model was not demonstrated in this study. 
Further research is needed to assess the potential of 
epidermal growth factor in wound healing. 
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Immunocytochemical study of ras and myc proto-oncogene 
polypeptide expression in the human menstrual cycle 


Lawrence D. Odom, MD, J. Michael Barrett, PhD,’ Cooley G. Pantazis, MD, 


Leland D. Stoddard, MD,° and Paul G. McDonough, MD* 


Augusta, Georgia 


The human endometrium is a unique and dynamic tissue model system characterized by cyclic processes 
of cellular proliferation, differentiation, and menstrual desquamation. Both the glandular epithelial and 
stromal mesenchymal components work in synchronous response to the mitogenetic effect of estradiol and 
the antimitogenetic effect of progesterone. Mechanisms whereby estradiol and progesterone exert their 
effects are not completely understood. This study was undertaken to evaluate the expression and 
localization of the polypeptide products of the ras and myc proto-oncogenes sequentially during the 
menstrual cycle. Sixteen endometrial biopsy specimens were evaluated. |lmmunocytochemical quantitation 
of ras and myc expression was done by use of color image analysis (CoreScan). There was no cyclic 
variation in the ras polypeptide product, but the expression of myc polypeptide was low in the secretory 
phase and high in the proliferative phase. (AM J OpsteT GYNECOL 1989;161:1663-8.) 


Key words: Proto-oncogene, ras, myc, endometrium, menstrual cycle 


It is well established that the glandular and stromal 
endometrial components contain target cell responders 
to steroid hormones produced sequentially by the dom- 
inant ovarian follicle and the corpus luteum. Endo- 
metrial proliferation occurs in response to estradiol 
production, a factor of granulosa cell activity. Estradiol, 
while remaining in the nuclei of target cells, stimulates 
the synthesis of deoxyribonucleic acid (DNA) resulting 
in a wave of mitosis. With the secretion of progesterone, 
there is a cessation of mitotic activity and the glandular 
cells differentiate. 

Despite continued progress in the understanding of 
the physiologic mechanisms involved in proliferation 

‘of the endometrium and control of such proliferation, 
additional questions have been raised, It has been dem- 
onstrated that murine uterine epithelium is dependent 
on the presence of homologous stroma for proper re- 
sponse to estrogen stimulation.’ Additionally, the pres- 
ence of immunoreactive epidermal growth factor (EGF) 
in the uterus,’ the rapid increase in EGF messenger 
ribonucleic acid (mRNA) and EGF receptor’ after es- 
trogen, and the growth-promoting effect of EGF in 
uterine cell culture® support the hypothesis that auto- 
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crine or paracrine growth factors may be important in 
the uterine response to estrogen. 

The mRNA levels of genes known to be regulated 
by sex steroids are not altered until =1 hour after ste- 
roid administration, although the steroid receptor com- 
plex has attained an intranuclear location within min- 
utes. A possibility considered by Fink et al.® is that 
steroid-induced gene regulation might involve early 
regulatory genes whose transcription would be rapidly 
modulated by steroid receptor binding and whose pro- 
tein products would in turn regulate the transcription 
of the structural genes. 

To further investigate endometrial physiologic char- 
acteristics, a study was undertaken to evaluate the 
expression of two proto-oncogene (ras and myc) poly- 
peptide products in the proliferative and secretory 
phases of the human menstrual cycle. 


Material and methods 


Fifteen endometrial biopsy specimens were chosen 
on the basis of a normal menstrual and conception 
history, as well as absence of pathologic changes at the 
time of laparoscopic sterilization. One biopsy specimen 
was obtained before total vaginal hysterectomy for 
procidentia. No associated abnormalities could be de- 
termined at the time of surgery. There was no history 
of recent exogenous hormonal exposure in any of the 


. study subjects. Dates of the formalin-fixed, paraffin- 


embedded biopsy specimens were assigned by one au- 
thor (L. D. S.) without prior knowledge of the clinical 
history. Histomorphologic criteria used to establish 
dates of the 4 um thick sections were based funda- 
mentally on the study by Noyes et al” The menstrual 
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Table I. Percentage of immunoreaction product for average of three areas scanned 








myc Gland mye Stroma ras Gland ras Stroma 
Stage 1 0.66 0.45 0.20 0.12 
Stage 2 0.4 0.16 0.31 0.44 
Stage 3 0.3 0.40 0.19 0.61 
0.3 0.07 0.39 0.15 
0.6 0.55 0.31 0.19 
0.6 0.46 0.71 0.46 
0.6 0.25 0.45 0.35 
0.5 0.12 0.71 0.35 
0.7 0.40 0.44 0.23 
Stage 4 0.1 0.10 0.36 0.30 
0.2 0.25 0.22 0.10 
0.2 0.08 0.26 0.14 
Stage 5 0.17 0.04 0.08 0,07 
0.03 0.03 0.45 0.22 
0.33 0.06 0.45 0.24 
Stage 6 0.01 0.02 0.09 0.21 








Stages 1 to 3 are proliferative; stages 4 to 6 are secretory. 


cycle was divided into six stages. These were early, mid, 
and late proliferative and secretory designations. These 
stages were categorized 1 through 6. There was one 
patient in category 1, one patient in category 2, seven 
patients in category 3, three patients in category 4, three 
patients in category 5, and one patient in category 6. 
For statistical evaluation, these categories were grouped 
1 to 3 (n = 9) and 4 to 6 (n = 7). 

For this study an indirect peroxidase-antiperoxidase 
method described previously? was modified. In situ hy- 
bridization was performed with the use of the CRL 
Universal immunoperoxidase staining kit. Sections 
were deparaffinized in xylene (two changes, 5 minutes 
each). Rehydration was performed with a graded series 
of ethanols (100% alcohol, two changes, 3 minutes each; 
35% alcohol, two changes, 3 minutes each; 70% alcohol, 
3 minutes), The slides were then placed in a final bath 
of 0.05 mol/L Tris buffer plus 1.5% sodium chloride, 
pH 7.6. Steps in the method are as follows: step 1, 
blocking agent-~-3% hydrogen peroxide (10 minutes); 
step 2, blocking agent—normal serum (40 minutes); 
step 3, primary antibody—dilution RAP-5 1:1000 
and OP-10 1:10 (18 hours)’; step 4, linking reagent 
(20 minutes); step 5, labeling reagent (peroxidase- 
antiperoxidase immunoenzyme complex). The com- 
plex was visualized by the addition of a chromo- 
genic substrate, amino-ethylcarbazole. All sections were 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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counterstained with hematoxylin and mounted with 
Permount. 

To evaluate the presence of ras proto-oncogene (c- 
ras): polypeptide product, the monoclonal antibody 
RAP-5 was chosen. This monoclonal antibody was sup- 
plied by the Tissue Type Culture at the National In- 
stitutes of Health (by Dr. Jean Simpson). It was devel- 
oped against a synthetic peptide immunogen reflecting 
positions 10 to 17 of the human ras protein product 
from the T-24 bladder carcinoma cell line. RAP-5 
has demonstrated reactivity with cellular and point- 
mutated forms of the polypeptide product (p21) from 
all three members of the vas oncogene family.'*!? The 
presence of myc proto-oncogene (c-myc) polypeptide 
product was demonstrated with the assistance of the 
monoclonal antibody OP-10 purchased from Oncogene 
Science. This monoclonal antibody was developed by 
using a synthetic peptide corresponding to residues 405 
to 432 of the human c-myc polypeptide (p62) and was 
characterized by Evan et al." Positive controls consisted 
of a T-24 bladder carcinoma cell line for the RAP-5 
monoclonal antibody and a Burkitt lymphoma speci- 
men for the OP-10 monoclonal antibody. Negative con- 
trols in both instances were provided by omitting the 
primary antibody application. 

The immunoreactive product was quantitated with 
CoreScan Color Image System software (Delta Tech- 


. c-ras immunocytochemical reaction product—late proliferative endometrium. 

. c-ras immunocytochemical reaction product—postovulation dav 5 endometrium. 

. c-myc immunocytochemical reaction product—late proliferative endometrium. 

. c-myc immunocytochemical reaction product—postovulation day 5. 

. c-mye—late proliferative endometrium —64-color band. 

. C-myc— postovulation day 5 endometrium—64-color band. 

- c-myc——late proliferative endometrium—computerized localization of reaction product. 

. cmyc—postovulation day 5 endometrium—computerized localization of reaction product. 
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Figs. 1 to 8. For legends see opposite page. 
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Fig. 9. Immunocytochemical reaction product (res)— 
statistical analysis. 


nologies, Inc., Augusta, Ga.). The system includes a 
color video camera mounted on a Zeiss Axiophot mi- 
croscope. The video is cabled to an AT & T True Vision 
Image Capture Board (ICB) installed in an IBM-PC 
computer. The output from the ICB monitor is di- 
rected to a Sony color monitor. A software program 
called CoreScan was used to perform color video anal- 
ysis." Three representative glandular structures and 
stromal areas were chosen from each slide by two in- 
vestigators (C. G. P. and L. D. O.) for digitized analysis. 

Since the categories were grouped | to 3 (n = 9° and 
4 to 6 (n = 7), statistical analysis was carried out with 
hypothesis testing, the difference between population 
means and Student’s ¢ test, To assume equality of pop- 
ulation variances, the sample variance ratios were eval- 
uated on the basis of the F distribution. 

This study was presented before the Human Assur- 
ance Committee of the Medical College of Georgia and 
met with its approval. 


Results - 

The values obtained in Table I represent reaction 
product expressed as a percentage of the total area 
scanned averaged over the three fields (x40). The 
polypeptide products, c-res p21 and c-myc p62, were 
found to be expressed in both the proliferative and 
secretory phases of the normal menstrual cycle ‘Figs. 
1, 2, 3, and 4, respectively). Reaction product was iden- 


Mean + S.E. for Percentage Reaction Product 
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Fig. 10. Immunocytochemical reaction product (myc)— 
statistical analysis. 


tified in both the glandular epithelial and stromal com- 
partments of the endometrium. The ras monoclonal 
antibody identified reaction product was localized ex- 
clusively to the cytoplasm (plasma membrane) as ex- 
pected (Figs. 1 and 2). The myc monoclonal antibody— 
identified reaction product was in both the nucleus and 
the cytoplasm. In this study a nuclear distribution for 
c-myc was visually apparent in the actively dividing cells 
(proliferative phase) (Fig. 3). In differentiated cells (se- 
cretory phase) the c-myc distribution was primarily cy- 
toplasmic in location (Fig. 4). Figs. 5 (c-myc late prolif- 
erative phase) and 6 (c-myc postovulation day 5) rep- 
resent computerized banding with a reduction to 64 
colors. Figs. 7 and 8 are representative of the same two 
biopsy specimens with computerized localization of the 
immunocytochemical reaction product. ` 
Statistical analysis (a = 0.05) of the sample data in- 
dicated no statistically significant difference between 
proliferative and secretory expression of the c-ras pep- 
tide product in either the glandular epitnelium (sig- 
nificance level p = 0.14) or stromal compartments (sig- 
nificance level p = 0,06) (Fig. 9). However, there was 
evidence that the c-myc peptide product was expressed 
to a lesser degree in both the glandular (significance 
level p = 0.00003) and stromal compartments (signif- 
icance level p = 0.005) of the secretory phase when 
compared with the proliferative phase (Fig. 10). The 
progressive loss of c-myc expression was seen through- 
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out the secretory cycle and followed a temporal rela- 
tionship with the postovulation day status. 


Comment 


Cellular oncogenes are present in all normal cells. 
Current evidence suggests that most oncogenes code 
for proteins that are involved in the regulation of cell 
division and/or differentiation. The ras genes were 
first isolated as the transforming genes of Harvey and 
Kirsten sarcoma viruses. At least three different ras 
genes (Harvey-ras, Kirsten-ras, and N-ras) exist in mam- 


mals. All three genes have a similar genetic structure. 


and code for a protein product of 188 or 189 amino 
acids with a molecular weight of 21,000 d. The cellular 
location of the p21 polypeptide is the inner surface of 
the plasma membrane. The specific cellular function 
of ras p21 is unclear; however, it has been shown to 
bind guanosine 5’-diphosphate and triphosphate, to 
have guanosine triphosphatase activity, and to exhibit 
autokinase activity. Its properties suggest that ras p21 
may function as a signal transducer, similar to the 
G proteins.'* ° The human c-myc proto-oncogene is a 
cellular gene homologous with the 3’ sequence of the 
transforming gene of avian myelocytomatosis virus 
MC29. The protein product of the c-myc gene has a 
molecular weight of 62,000 d and is believed to be 
composed of 439 amino acids. Like the c-ras p21, the 
action of c-myc p62 in normal cells is not entirely known. 
However, unlike p21, active c-myc p62 is localized in 
the nucleus.’ Studzinski et al. have shown that the 
addition of polyclonal or monoclonal antibodies against 
human c-myc protein to nuclei isolated from several 
types of human cells reversibly inhibited DNA synthesis 
and DNA polymerase activity but not the transcription 
of RNA. This suggests that c-myc encodes a polypeptide 
product that participates in DNA replication. 

With the rat uterus as a model, Murphy et al.” con- 
firmed that mitogenetic stimulation resulted in a rapid 
accumulation of mye proto-oncogene mRNA. In this 
case the mitogen was estradiol. The administration of 
estrogen had no significant effect on the abundance of 
c-myc transcripts in the kidney, liver, or lung. The avian 
oviduct study performed by Fink et al. revealed a 
tissue-specific and rapid down-regulation of c-myc 
mRNA by progesterone. They concluded that the re- 
duction of c-myc gene expression in target cells might 
represent one mechanism whereby progesterone in- 
hibits estrogen-induced mitogenetic events. 

As stated previously, active c-myc p62 polypeptide 
seems to be localized in the nucleus. However, addi- 
tional data suggest that c-myc transcripts are exported 
from the nucleus in quiescent cells, In a study by Jack 
et al.,’° a nuclear distribution of c-myc p62 was seen in 
the actively dividing cells of the bone marrow and in 
some tumors. However, in most normal cells the local- 
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ization was cytoplasmic. It was suggested that localiza- 
tion of the polypeptide in vivo may differ in cells that 
are dividing compared with those that are arrested or 
terminally differentiated. 

To our knowledge this report represents the first to 
evaluate the expression of the ras and myc proto- 
oncogenes serially in the human menstrual cycle. With 
the use of monoclonal antibodies, there has been con- 
firmation of ras and mye polypeptide products in normal 
endometrial tissue. On the basis of our data, the expres- 
sion of the ras polypeptide product during the men- 
strual cycle is not cyclic. Since it is not certainly known 
that the ras p21 polypeptide is involved in signal trans- 
duction, these findings do not rule out an autocrine or 
paracrine effect in the endometrium. On the other 
hand, the lack of change in p21 expression may be due 
simply to the sensitivity of the testing procedure or 
the fact that guanosine triphosphate binding is an 
on-again/off-again phenomenon leaving a constant 
amount of p21 polypeptide at the plasma membrane’s 
inner surface. 

Our data add tò the growing evidence that myc p62 
polypeptide expression is influenced by steroidal mi- 
togenetic effect (estradiol), as well as steroidal antimi- 
togenesis (progesterone). Furthermore, we have made 
observations suggesting the transportation of the c-myc 
p62 polypeptide from the nucleus to the cytoplasm in 
differentiated cells. 


We extend our appreciation to Mr. William Wansley 
for his technical expertise in slide preparation and to 
Mr. Rollie Harp of the Research Computing and Sta- 
tistical Department of the Medical College of Georgia 
for his contributions to statistical analysis. 
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a controlled multicenter study’ of 134 
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tent with microsurgical principles), 
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Comparison of Cytobrush and cervicovaginal lavage sampling 
methods for the detection of genital human papillomavirus 


Gary L. Goldberg, MD,* Sten H. Vermund, MD,“ Mark H. Schiffman, MD,* 
Diane B. Ritter, MD,* Carol Spitzer, BS, MS," and Robert D. Burk, MD*® ¢ 


Bronx, New York, and Bethesda, Maryland 


The development of an accurate method for the detection and typing of genital human papillomavirus is of 
substantial clinical importance. This virus has been implicated as an etiologic agent in the development of 
cervical neoplasia. To detect human papillomavirus infection with maximum sensitivity, cells must be 
collected and assayed for human papillomavirus deoxyribonucleic acid. We compared two noninvasive 
methods of sampling exfoliated cervical cells—cervicovaginal lavage and scrape—Cytobrush. Seventy-four 
patients newly referred to the colposcopy clinic were divided randomly for cell sampling by either 
cervicovaginal lavage followed by scrape-Cytobrush or, conversely, scrape-Cytobrush followed by 
cervicovaginal lavage. Restriction analysis and Southern blot hybridization were used to test all the 
samples thus obtained for human papillomavirus. Overall, test results from 42 patients (56.8%) were 
positive for human papillomavirus deoxyribonucleic acid. Twenty-six (31.1%) tested positive for human 
papillomavirus by both sampling methods, and 32 (43.2%) tested negative for human papillomavirus by 
both methods. One (1.4%) tested positive with scrape-Cytobrush sampling but negative with 
cervicovaginal lavage, while 15 (20.3%) tested negative with scrape-Cytobrush but positive with 
cervicovaginal lavage (p < 0.001, McNemar’s test). These data, combined with previous work from our 
group, suggest that, of the available methods, cervicovaginal lavage, coupled with human papillomavirus 
deoxyribonucleic acid hybridization, is the most sensitive noninvasive method for harvesting cells for 
molecular identification of human papillomavirus in the female lower genital tract. (Am J OBSTET GYNECOL 


1989;161:1669-72.) 


Key words: Papillomavirus, cervix diseases, epidemiology 


The development of an accurate method for the de- 
tection and typing of genital human papillomavirus 
(HPV) is of substantial clinical importance, Increasing 
research and mounting evidence have suggested that 
HPV infection of the cervix is associated with the de- 
velopment of cervical neoplasia." * A variety of HPV 
types is commonly found in cervical cancer tissues, pre- 
malignant cervical lesions, and, less commonly, in nor- 
mal cervical epithelium.** 

At present, HPV cannot be propagated in cell culture 
or reliably identified by immunologic methods. Ac- 
cording to Schneider,’ only the detection of HPV de- 
oxyribonucleic acid (DNA) gives direct confirmation of 
the presence or absence of the virus. Various methods 
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of HPV DNA identification have previously been de- 
scribed: dot blot, filter in situ hybridization, Southern 
blot hybridization, and, recently, polymerase chain re- 
action.”'' Restriction enzyme analysis, coupled with 
Southern blot hybridization, appears to be the cu rrently 
preferred method for the detection of HPV DNA.° 
The clinical sampling technique used to collect the 
material for DNA analysis is important. A noninvasive 
test offers the potential to screen a large number of 
patients. Routine Papanicolaou smear techniques do 
not always yield enough exfoliated epithelial cells for 
HPV assessment by DNA hybridization. We have pre- 
viously compared the scrape-swab technique with cer- 
vicovaginal lavage for the collection of exfoliated cells 
from the female lower genital tract.'? The cervicovag- 
inal lavage cell collection technique is significantly more 
sensitive than the scrape-swab technique for assessing 
HPV infection. The Cytobrush cell collection instru- 
ment (Zelsmer) also have recently been shown to be 
more effective than a cotton-tip swab for obtaining en- 
docervical cells for routine Papanicolaou screening." 
We compared the Cytobrush with the cervicovaginal 
lavage for sampling and collection of exfoliated cervi- 
covaginal cells. 


Bae 
Methods 4 È 


Seventy-four patients referred to a City Hospital col- 
poscopy clinic in the Bronx, New York, were enrolled. R y 
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Table IA. Ordering effects on cell sample 
recovery by the scrape-Cytobrush method 










Cell volume 


0-5 ul 6-50 pl 


21 (58%) 15 (42%) 36 
18 (47%) 20 (53%) 38 


Order of collection Total 


Scrape-Cytobrush first* 
Scrape-Cytobrush second 


*p = 0.5 by x°. 


Table IB. Ordering effects on cell sample 
recovery by the cervicovaginal lavage method 


Cell volume 
10-50 pl | 51-100 pl | 101-500 pl | Total 


Cervical lavage 21 (55%) 11 (29%) 
first* 

Cervical lavage 16 (44%) 
second 








Order of 
collection 


6 (16%) 38 


9 (25%) 11 (31%) 36 





+p = 0.3 by y? with Yates’ continuity correction. 
yx } 


Table II. HPV status with respect to 
sampling technique 







Cervicovaginal | Cervicovaginal 
lavage, lavage, 
HPV pos. HPV neg. 










Total 


Cytobrush, HPV pos. 26 1 27 
Cytobrush, HPV neg. 15 32 47 
TOTAL 41 33 74 


aana 


p < 0.005 by McNemar’s test. 


in this study, which was approved by the hospital’s in- 
stitutional review board. All patients were examined by 
a single gynecologist (G. L. G.). Standard Papanicolaou 
smears, obtained by use of a cotton-tip swab and then 
a spatula, were obtained for cytologic study, after which 
both study methods (scrape-Cytobrush and cervicovag- 
inal lavage) were used to collect cells for HPV testing. 
Patients were randomly divided into two groups, ac- 
cording to the last digit of their medical record 
numbers. Thirty-six of the 74 patients had scrape- 
Cytobrush sampling followed by cervicovaginal lavage, 
while 38 had cervicovaginal lavage followed by scrape- 
Cytobrush. Under this method, each woman served as 
her own control, and ordering effects could be assessed 
by comparison of the two groups. For the scrape- 
Cytobrush technique, a Cytobrush was inserted and 
rotated 360 degrees twice inside the endocervical canal. 
A wooden cervical spatula was then rotated 360 degrees 
twice around the external cervical os and squamocol- 
umnar junction. The Cytobrush and the spatula tip 
were then vigorously shaken to dislodge cells into 10 
ml of a 0.9% sodium chloride—50 mmol/L ethylene- 
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diaminetetraacetic acid (EDTA) solution in a 50 ml 
polypropylene tube. A 10 ml syringe with a 2-inch, 18- 
gauge Teflon extension catheter was used to spray 10 
ml of sterile saline solution against the external cervical 
os and the ectocervix. The fluid that pooled in the 
posterior vaginal fornix was aspirated into the syringe 
and transferred to a 50 ml polypropylene tube con- 
taining 1.0 ml of 0.5 mol/L EDTA. Specimens collected 
by both methods were refrigerated at 4° C until pro- 
cessing. Cellular material was quanutated by determin- 
ing the packed volume of cells after centrifugation at 
13,000 rpm for 5 minutes. DNA was then extracted as 
previously described and resuspended in 30 pl of TE 
(10 mmol/L Tris buffer, pH 8.;0, and 0.1 mmol/L 
EDTA).’ 

For the detection of HPV DNA, 10 pl of the unknown 
sample DNA solution was digested with the Pst I re- 
striction enzyme according to conditions specified by 
the supplier, New England Biolabs. DNA fragments 
were separated by electrophoresis in 0.8% Agarose slab 
gels. DNA was visible after staining with ethidium bro- 
mide and was photographed under ultraviolet light. 
Southern blot hybridization was then performed with 
a mixed probe of HPV-11, HPV-16, and HPV-18 DNA 
inserts labeled with phosphorus 32.” After exposures 
ranging from 2 to 14 days, the autoradiographs were 
interpreted by researchers who did not know the origin 
of the specimens. 

To assess the statistical significance of the differences 
in HPV diagnosis between scrape-Cytobrush and cer- 
vicovaginal lavage techniques, we used McNemat’s test 
for correlated proportions. A x’ analysis, with the 
Yates continuity correction where appropriate, was 
used for testing the significance of differences be- 
tween cell volumes in samples obtained by cervicovag- 
inal lavage after scrape-Cytobrush, as compared with 
those obtained by scrape-Cytobrush after cervicovagi- 


nal lavage.'® 


Results 

More cellular material was obtained with cervicovag- 
inal lavage than with the scrape-Cytobrush method. 
The median cell volume for scrape-Cytobrush was 
5 pl, the mean volume was 11.2 + 10.4 pl (+SD), and 
the range was 2 to 50 pl. The median cell volume for 
cervicovaginal lavage was 62.5 pl, the mean volume was 
96.0 + 96.5 pl (+SD), and the range was 5 to 500 pl. 
The cervicovaginal lavage method yielded a twelvefold 
greater median cell volume of recovered sample and 
provided more cellular material in 66 of the 74 patients 
(89.2%). The same yield in microliters was noted in 8 
of the 74 patients (10.8%). All specimens, irrespective 
of collection method, contained visible cell pellets. 

We were concerned that repeated collection of cer- 
vicovaginal cells during a single examination would in- 
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fluence the cell yield and the possibility of the HPV 
DNA detection, so we compared the order of testing 
and the cell sample size. The ordering effects on cell 
sample recovery by the two collection methods can be 
seen in Tables IA and IB. There was no statistically 
significant correlation between test order and amount 
of cellular material collected by cervicovaginal lavage 
or scrape-Cytobrush (p = 0.3 and 0.5, respectively), 
A lower overall recovery was obtained with scrape- 
Cytobrush regardless of the order of the tests. 

Twenty-six of the 74 patients’ (35.1%) samples col- 
lected by both the scrape-Cytobrush and the cervico- 
vaginal lavage techniques revealed HPV DNA (Table 
II). Thirty-two of the 74 (43.2%) samples collected by 
both techniques tested negative for HPV DNA. In 15 
of the 74 cases (20.2%) the virus was detected in the 
cervicovaginal lavage sample, but not in the scrape- 
Cytobrush sample. In one case HPV was detected in 
the scrape-Cytobrush sample alone. The discordant 
findings are unlikely to have occurred by chance alone 
(p < 0.001 by McNemar’s test). 

Southern blot analysis was used to determine the 
presence and type of HPV DNA, as illustrated in Fig. 
1. The virus types detected in the 42 women whose 
sample tested positive for HPV DNA were consistent 
between the two techniques. Twenty-four of the 26 
patients (92.3%) who tested positive for HPV with both 
sampling techniques had the same HPV DNA types in 
the cervicovaginal lavage and scrape-Cytobrush sam- 
ples. In the 15 samples that were positive with cervi- 
covaginal lavage only, the virus type identified was con- 
sistent for cervical infection and for the population 
being studied (Burk RD, et al., unpublished data). 
Overall, in this study type 16 was the most prevalent 
HPV type, a finding consistent with our previous 
results. '* 


Comment 

The definitive role of HPV in cervical neoplasia re- 
mains unresolved. Mounting evidence links or associ- 
ates HPV infection with premalignant and malignant 
lesions of the cervix.** Specific HPV DNA types are 
commonly found in biopsy specimens of cervical car- 
cinoma and cervical intraepithelial neoplasia. Certain 
HPV types contain genetic information capable of 
transforming cells in culture, although this oncogenic 
potential has not been unequivocally demonstrated 
in vivo.® Accurate documentation of the HPV status is 
of epidemiologic and potential clinical importance, 

The Cytobrush is a device specifically designed for 
sampling the endocervical canal. It has been used to 
collect clinical samples for testing for chlamydia and 
other sexually transmitted diseases. Various authors 
have reported improved endocervical cell collection 
when they used the Cytobrush instead of a cotton-tip 
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Fig. 1. Detection of HPV DNA by Pst I restriction analysis and 
Southern blot hybridization. DNA samples were isolated from 
cells collected by either lavage (L) or Cytobrush (C), digested 
with Pst I, separated by gel electrophoresis, and transferred 
to a Nytran filter (Schleicher and Schuell). The filter was hy- 
bridized with a mixed probe of HPV-11, HPV-16, and HPV- 
18 DNA labeled with P and washed under stringent condi- 
tions (TM-10 C). Patient number is shown above the solid line. 
A total of 10 to 20 pg of gel-isolated linear HPV DNA was 
mixed with 5 ug of genomic DNA, digested with Pst I, and 
run as hybridization sensitivity control (equivalent to approx- 
imately two viral genomes per cell). The lanes containing 
HPV-6, HPV-11, HPV-16, or HPV-18 DNA are indicated. 
The L and C samples from patients 1/5 and 118 contained 
the same type of HPV DNA, whereas the L sample was positive 
and the C negative in No. 120, No. 121, No. 122, and No. 
123. The DNA samples from the C specimen of No. 125 and 
No. 129 were incompletely digested and the HPV type could 
not be determined from this blot. Interpretation of HPV types 
from this blot indicate: patient 775, HPV-18 and HPV-14: 
patient //8, related HPV; patient 120, HPV-16; patient 721, 
HPV-16; patient 122, HPV-45; patient 123, HPV-31; patient 
125, HPV-18 and related HPV; patient 126, HPV-31; patient 
129, HPV-11. 


swab for Papanicolaou smears.'*'? No samples collected 
by the scrape-Cytobrush technique were labeled “quan- 
tity not sufficient for DNA evaluation.” Recent data 
suggest that standard techniques obtain a greater pro- 
portion of insufficient cell yields from patients with 
cervical lesions, compared with samples collected by the 
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same methods from patients who do not have lesions. 
This bias is partially mitigated by the use of scrape- 
Cytobrush and further minimized with the cervicovag- 
inal lavage technique. We were aware that obtaining a 
Papanicolaou smear before the HPV sampling method 
might affect the cell collection. Moreover, it could have 
had more effect on the cell count in samples collected 
by the scrape-Cytobrush method, in comparison with 
the cervicovaginal lavage method, because cervicovag- 
inal lavage could have been collecting cells that had 
already exfoliated into the vaginal fornix. Alternatively, 
cervicovaginal lavage might have been picking up HPV 
in vaginal cells, the same types that were infecting the 
cervix. In practice, many clinicians are not willing to 
collect cells for HPV determination before the Papa- 
nicolaou smear because doing so might compromise the 
cytologic result. Since HPV tresting is being promoted 
primarily as an adjunct to the Papanicolaou smear and 
is usually performed at the same examination, we 
therefore included a standard Papanicolaou smear be- 
fore scrape-Cytobrush and cervicovaginal lavage. 

The multifocal potential of the squamous epithelium 
of the lower genital tract for intraepithelial neoplasia 
and carcinoma is of clinical and epidemiologic signifi- 
cance. Sampling that includes the cervix, endocervix, 
and vaginal fornices increases the yield of exfoliated 
cells and the sensitivity of HPV DNA detection while 
reducing the number of false-negative tests. 

We conclude that 
Cytobrush method for the scrape-swab method im- 
proved the cell yield for HPV DNA detection. However, 
our study reaffirmed that cervicovaginal lavage is the 
most sensitive collection method for exfoliated cervi- 
covaginal cells for the detection of HPV and should 
replace the standard or routine scrape techniques cur- 


substitution of the scrape- 


rently in use, including the Cytobrush. 


We thank Mrs. Audrey Mack for the preparation of 
the manuscript. 
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Spontaneously resorbing ectopic pregnancy: Preservation of 
human chorionic gonadotropin bioactivity despite declining 


steroid hormone levels 


Mark V. Sauer, MD,* Robert E. Anderson, MD,” Michael Vermesh, MD," 


Bronte A. Stone, PhD, and Richard J. Paulson, MD" 


Los Angeles, California 


We compared serum hormone profiles of patients with normal intrauterine pregnancies (n = 14), 
spontaneously resorbing ectopic pregnancies (n = 10), and viable ectopic pregnancies (n = 26). Hormone 
profiles were evaluated at 5 to 8 weeks’ gestational age. Ectopic pregnancies were diagnosed by 
laparoscopy; intrauterine gestations were confirmed by ultrasonography. Immunoreactive B—human 
chorionic gonadotropin, progesterone, estradiol, and 17-hydroxyprogesterone were measured by 
radioimmunoassay. Bioactive human chorionic gonadotropin was measured by a modified mouse Leydig 
cell bioassay. Diminished steroid production was noted in ectopic pregnancies; levels in serum of patients 
with resorbing ectopic pregnancies were lower than values expressed in viable ectopic pregnancies (p < 
0.01). Serum levels of human chorionic gonadotropin bioactivity correlated closely with immunoreactive 
human chorionic gonadotropin in all three groups (r = 0.81, p < 0.01). Ratios of bioactive human chorionic 
gonadotropin to immunoreactive B—human chorionic gonadotropin were similar (0.93 + 0.26 in resorbing 
ectopic pregnancies, 1.11 + 0.16 in viable ectopic pregnancies, and 0.90 + 0.10 in intrauterine 
pregnancies). We conclude that although reduced serum levels of steroids noted in ectopic pregnancy 
suggest an impairment in corpus luteum activity, diminished steroid production was not attributable tc 
lower human chorionic gonadotropin bioactivity. (Am J Osstet Gynecol 1989;161:1673-6.) 


Key words: Ectopic pregnancy, progesterone, bioactive human chorionic gonadotropin 


Whereas serum levels of human chorionic gonado- 
tropin (hCG) are generally lower in women with ectopic 
pregnancies than in normal intrauterine gestations, 
levels of sex steroids are proportionately lower, which 
facilitates rapid discrimination of normal or abnormal 
gestations.”* Suggested reasons for diminished serum 
steroid content include altered hCG bioactivity, per- 
turbed steroidogenesis by the corpus luteum, absence 
of a still-uncharacterized ovarian stimulator of steroid 
biosynthesis, and alterations in hCG glycosylation.* We 
previously described the clinical course of women with 
ectopic pregnancies destined to resolve spontaneously 
without intervention.’ In this population, ovarian ste- 
roid production was noted to be depressed; progester- 
one and 17-hydroxyprogesterone levels in serum were 
<0.8 ng/ml. Because the half-life of steroid hormones 
in serum is shorter than that of hCG, it is possible that 
low peripheral levels of steroids that originate from the 
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corpus luteum reflect diminished luteotropic support 
of hCG (bioactive/immunoreactive ratio) before its 
clearance from the circulation. This study investigates 
this latter possibility by examination of the relationship 
between bioactive hCG and immunoreactive hCG, and 
the markers of corpus luteum function in women with 
differing pregnancy outcomes. 


Material and methods 


Patients. A total of 36 women with laparoscopically 
visualized ectopic pregnancies were studied. All preg- 
nancies were between 30 and 56 days’ gestation 
(mean + SE, 42 + 4 days) at the time of diagnosis, 
based on recollection of the last menstrual period. 
Within this population, 10 women were enrolled in a 
study of nonsurgical treatment as previously de- 
scribed,* based on the following criteria: (1) tubal preg- 
nancy <3 cm diameter; (2) tubal serosa intact; (3) no 
active bleeding present at time of diagnosis; and (4) 
declining serum B-hCG levels as measured by radio- 
immunoassay (RIA). All patients in this group went on 


_ to resolve their ectopic pregnancies without medical or 


surgical intervention. The remaining 26 cases were 
termed viable ectopic pregnancies and were treated sur- 
gically in standard fashion. A control group comprised 
14 women with normal intrauterine pregnancies of sim- 
ilar gestational age. All patients were followed up until 
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Table I. Hormonal characteristics of all patients 
















December 1989 
Am J Obstet Gynecol 













Human chorionic Ratio 









Progesterone Estradiol 17-Hydroxyprogesterone gonadotropin Bioactive /immunoreaciive 
(ng/ml) (pg/ml) (ng/ml) (mniu/ml) hCG 

Resorbing ectopic 0.6 + 0.1 35 +7 0.6 + 0.1 192 + 132 0.9 + 0.26 
pregnancy (range) (0.2-0.7) (20.1-164.2) (0.2-0.8) (10-1050) 

Ongoing ectopic preg- 8.2 + 15* 153 + 24* | 2.4 + 0.5* 3842 + 1253* — 1.1 + 0.16 
nancy (range) (0.2-42.2) (23-601) (0.2-9.2) (951-6422) 

Intrauterine pregnancy 28.2 + 2.8ł 606 + 54t 5.8 + 0.8F 19873 + 4724+ 0.9 + 0.10 
(range) (12.6-53.9) (275-1879) (2.7-13.2) (6972-30073) 

_ Mean + SEM. 


+h < 0.01 versus resorbing ectopic pregnancy. 
tp < 0.01 versus ongoing ectopic pregnancy. 


intrauterine cardiac activity was noted by transvaginal 
ultrasonographic examination. Aliquots taken from 
sera obtained from. patients at the time of pregnancy 
diagnosis were stored at —20° C until assayed. Blood 
samples from ectopic gestations were drawn preoper- 
atively. 

Radioimmunoassays. Serum B-hCG, estradiol, pro- 
gesterone, and 17-hydroxyprogesterone were mea- 
sured in duplicate with commercial RIAs (ICN Biomed- 
ical Inc., Carson, Calif.). Validation of these assays has 
been detailed elsewhere.*” Intra-assay coefficients of 
variation were <12% for all hormones studied. Values 
of immunoreactive B-hCG are reported in terms of the 
World Health Organization First International Refer- 
ence Preparation (75/537). 

Bioassay of hCG. Serum hCG bioactivity was mea- 
sured by the modified mouse Leydig cell assay.’ Briefly, 
adult mice (strain BOBFL) were killed and the testes 
were removed. After mechanical dispersion, aliquots 
(100 yl) of cell suspension that contained approxi- 
mately 200,000 viable Leydig cells were combined in 
triplicate with 100 jl of diluted sample or standard hCG 
(iodination grade, 15,000 IU/mg; Sigma Chemical 
Company, St. Louis) diluted in culture medium (Dul- 
becco’s Modified Eagle’s, GIBCO, New York, N.Y.). Af- 
ter incubation for 3 hours at 34° G, 50 yl aliquots of 


supernatant were assayed for testosterone content by - 


a direct RIA (Pantex, Santa Monica, Calif.), sensitive to 
5 pg testosterone per tube. Average coefficients of vari- 
ation for testosterone assayed were <10%. Levels of 
bioactive hCG in individual samples were derived from 
curves fitted to hCG concentrations in the standards 
{calculations performed on an IBM-XT based: 3001 
Quality Control System, Iso-Data Inc., Rolling Mea- 
dows, Ill). Average intra-assay coefficients of variation 
for the hCG bioassay were <10% and interassay co- 
efficients of variation were <16%. 

Statistics. Means of distributions of immunoreactive 
B-hCG, bioactive hCG, progesterone, estradiol, and 17- 
hydroxyprogesterone were compared with the non- 
parametric method of Mann-Whitney. Least squares 


linear regression correlation coefficients were calcu- 
lated on log transformed data. Statistical significance 
was defined as the 5% level for two-tailed data. 


Results 


Table I lists hormonal values obtained in the three 
groups of women. Despite similar gestational age, levels . 
of immunoreactive B-hCG and all steroid hormones 
were significantly lower in ectopic pregnancies than in 
normal intrauterine gestations. Levels of all hormones 
in serum of patients whose gestations were destined to 
resorb spontaneously were significantly lower than cor- 
responding levels of hormone in patients with viable 
ectopic pregnancies, although some overlap did exist 
between value ranges. 

Overall, measurements of bioactive hCG and im- 
munoreactive 8-hQG correlated closely (r = 0.81, p < 
0.01; Fig. 1). As noted in Table I, ratios of bioac- 
tive hCG/immunoreactive B-hCG were not dissimilar 
among groups, and ratios were near unity. 


Comment 


Heterogeneity has been appreciated in the clinical 


_presentation and course of ectopic pregnancy since 


Lund first reported on spontaneous resolution in the 
1950s.° More recently, several authors have reported 
successful expectant management of selected cases of 
laparoscopically confirmed ectopic gestations.’® " The 
concepti are characteristically small in size (<3 cm), 
ampullary in location, and produce low levels of im- 
munoreactive B-hCG (<1000 mIU/ml). It remains un- 
certain why some ectopic implantations of trophoblast 
continue to proliferate, invade the tubal epithelium, 
and progress to tubal rupture, whereas others remain 
confined, relatively dormant, and are destined to abort 
or resorb. Physician intervention may occur any time 
along this continuum, and there appears to be no easy 
way to anatomically discriminate between ectopic preg- 
nancies that require treatment and those that would 
spontaneously resolve. 

During the initial course of normal pregnancy the 
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Fig. 1. Correlation of bioactive hCG to immunoreactive B-hCG for all values ascertained (r = 0.81, 


p< 0.01). 


corpus luteum releases large amounts of sex steroid in 
response to hCG secreted by the developing tropho- 
blast. However, by 8 weeks’ gestation the placenta be- 
gins to contribute the majority of steroid hormone, 
which diminishes further need for corpus luteum sup- 
port to the developing ptegnancy. Although both the 
placenta and ovary secrete estradiol and progesterone, 
it is believed that the low levels of steroid hormone seen 
in abnormal gestations result from aberrant corpus lu- 
teum secretion because most ectopic pregnancies are 
detected before the time of the lutéoplacental shift. 

Our previous data" support suggestions that a per- 
sistent downward trend of immunoreactive B-hCG is 
characteristic of small unruptured ectopic pregnancies 
destitied to resorb. In cases in which the ectopic preg- 
nancy could be visualized, we did not. obsèrve tubal 
rupture during the time that preceded clearance of 
immunoreactive hormone. Furthermore, as confirmed 
ii this report, we noted a relative dissociation between 
the clinical course of pregnancy and luteal function. In 
medically managed patients, a decline in the functional 
activity of the corpus luteum always preceded the de- 
cline iri hCG, usually several days in advance of the 
eventual resolution of the ectopic pregnancy.” We at- 
tributed this to the diminished synthesis of the steroid 
hormones, and thought it probable that a reduction in 
hCG bioactivity could account for this phenomenon. 
However, as indicated by this report, hCG bioactivity 
did not differ between the outcome groups. 

The ratio of bioactive hCG/immunoreactive hCG has 


previously been shown to reman constant (near 1:1) 


` throughout normal pregnancy." This also has been 


demonstrated in an unselected group of ectopic ges- 
tations matched to subjects with similar concentrations 
of immunoreactive hCG.’ Such findings imply the lower 
serum steroid levels noted in ectopic gestations are a 
consequence of abnormal ovarian. response to luteo- 
tropin (i.e., hCG) rather than diminished hCG activity. 
We chose not to match subjects by hCG levels because 
these are very low in resorbing ectopic pregnancy and 
require controls to be of gestational ages different from 
the ectopic group. We were more interested in the de- 
termination of whether degeneration of the resorbing 
ectopic pregnancy was associatéd with reduced bioac- 
tivity of its secreted hCG, which could differentiate it 
endocrinologically from viable „proliferating ectopic 
pregnancies. Our data imply that other factors that 
modulate luteal function may be altered in or absent 
from ectopic gestations. Accordingly, peptides such as 
oxytocin and relaxin have been found in the corpus 
luteum and imay functiori as paracrine of autocrine 
modulators of luteal cell’ steroidogenesis:'* Alterna- 
tively, an improper. amount or rate of increase of bioac- 
tive hCG may desensitize the corpus luteum to hCG 
with a subsequent decline in steroid production. 

In conclusion, it appears that during the course of 
spontaneous resorption of ectopic pregnancies immu- 
noredctive hCG levels decline, probably as a result of 
trophoblastic cell death. Bioactivity of hCG persists dur- 
ing this decline, and even at very low levels parallels 
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hCG immunoreactivity. This suggests that hCG remains 
bieactive while being cleared from the circulation dur- 
ing the final stages of secretion by degenerating tro- 
phoblast. Despite continuous production of hCG, ste- 
roid secretion by the corpus luteum is characteristically 
low or absent, which indicates prior dissociation from 

- the trophoblastic hCG signal. However, the mechanism 
of this dissociation remains to be elucidated. 


3. 


4. 
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Decreased in vitro production of 6-keto-prostaglandin F,,. by 


uterine arteries from postmenopausal women 


Alex Steinleitner,. MD, Frank Z. Stanczyk, PhD, Jay H. Levin, MD, 
Gerritt d’Ablaing III, MD,” Marcela A. Vijod, BS; Violette L; Shahbazian, BS, and 
Rogerio A. Lobo, MD* 


Los Angeles, California 


Cessation of ovarian function is associated with a marked increase in morbidity and mortality secondary to 
ischemic heart disease. Estrogen replacement has been shown to impart protection against ischemic heart 
disease. We hypothesized that estrogen may influence vascular production of vasodilators such as 
prostacyclin. To investigate this relationship we have measured the production of 6- keto- -prostaglandin Fia 
and thromboxane B, by superfused uterine arteries from pre- and postmenopausal: women. Arterial 
specimens from healthy normotensive premenopausal (n = 5) and postmenopausal women (n = 5) were 
superfused for § hours. Production of 6-keto-prostaglandin Fia réached steady state levels by 120 minutes 


and remained linear for the langth of the experiment. Indomethacin: (4.x 1075 mol/L): ‘added at 120: 
minutes significantly y decreased prostanoid production. In subsequent experiments, 17 B- -estradiol in 
concentrations of 19, 100, 1000 ng/ml was added to the superfusion media at 120 mifutes. Total 
production of 6-keto-prostaglandin Fia by premenopausal arteries superfused with neat media during the 
steady state interval (3 hours) was significantly greater than that of postrnenopausal specimens (1.25 
versus 0.27 ng/mg dry tissue, p < 0.05), Thromboxane B, leveis were undetectable in spent media. 
However, the addition of 178-estradiol did not alter’ production of 6-keto-prostaglandin F,,. These data 
suggest that arterial production of prostacyclin is significantly decreased in.uteriné arteries from ` 
postmenopausal women, but in this-in vitro model system estrogens ‘did not’ affect vascular prostanoid 


production. (AM J DESTEt Grnecot 19895161: 1677- 81 ) 


Key words: Estrogen replacement ihein, prostacyclin, ischemic heart disease, menopause 


Loss of ovarian function is known to be associated 
with a dramatic increase in the incidence of ischemic 
heart disease,! which is the leading cause of death in 
postmenopausal women.” Estrogen replacement ther- 
apy is known to ameliorate the risk of ischemic heart 
disease i in these patients, reducing the mor tality of myo- 
cardial infarction by as much as 50%.*" Given these 
data, -it has been suggested that protection of post- 
menopausal women against the development of isch- 
emic heart disease should be the primary indication for 
the administration of estrogen replacement therapy.’ 

Although beneficial changes in lipids and lipopro- 
teins have been offered as an explanation for the car- 
dioprotection associated with estrogen ‘replacement 
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therapy, emerging evidence suggests that other factors 
may play an important role in this phenomenon.’ Es- 
trogens are known to enhance blood flow in many tis- 
sues.” ® This may'be a result of alterations in the rela- 
tionship between vasodilatory and vasoconstrictive me- 
diators, resulting in enhanced coronary perfusion and 
decreased systemic vascular resistance. Prostacyclin 
(PGI). is a potent vasodilator known to play a central 
role in the regulation of vascular tone. Additionally, the 
local balance between PGI, and thromboxane Ay (TxAy) 
is thought to impact on platelet aggregation and throm- 
bus formation. 

We postulated that one consequence of menopause 
may be reduced vascular production of PGI. It is con- 
ceivable that alterations in the regulation of PGI, me- 
tabolism by gonadal steroids might impact significantly 
on the development and progression of ischemic heart 
disease. To test this hypothesis we used an in vitro sys- 
tem to measure the production of PGI, and TxA, me- 
tabolites by uterine arteries obtained from pre- and 
postmenopausal women. 


Material and methods 


Subjects. Uterine arteries were obtained from pre- 
and postmenopausal women (n = 5 per group) un- 
dergoing elective hysterectomy because. of benign gy- 
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Fig. 1. Typical production curve for in vitro production of 6- 


keto- PGFia by uterine artery obtained from premenopausa. 
woman. 
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Fig. 2. Inhibition of 6-keto-PGF,, production by uterine ar- 
teries from two premenopausal patients after addition of in- 
domethacin (4 x 10°? mol/L) to superfusate (control, crosses, 
dots; ‘indomethacin, stars, boxes). 


necologic indications. Mean age of premenopausal 
women was 36.5 + 2.2 (£SEM) years, and of post- 
menopausal women was 62.4 + 3 years. All subjects 
were known to be healthy and without evidence of sig- 
nificant medica] disorders. Specifically absent were di- 
abetes, hypertension, or ischemic heart disease. Patients 
had not been exposed to exagenous steroids for at least 
6 weeks before surgery. 

Superfusion procedure. Specimens of uterine artery 
were ‘carefully ‘dissected from the Surrounding con- 
nective tissue immediately on removal of the hyster- 
ectomy specimen. Alt specimens were processed within 
45 minutes of uterine artery, clamping. Specimens of 
20 to 40 mg (wet weight) were opened longitudinally 
with a scalpel blade. Extreme care was taken to ensure 
that the intima was not separ ated from the underlying 
vessel wall. 

An in vitro superfusion system, based on the pro- 


December 1989 
Am J Obstet Gynecol 


cedure of Mitchell and Flint,” was used to maintain the 
tissue under near physiologic conditions during these 
short-term evaluations. Uterine artery specimens were 
placed between 8.0 um nylon Millipore filters (type C) 
in individual polypropylene Swinnex chambers (Milli- 
pore Corporation, Bedford, Mass.). Specimens were 
perfused at a flow rate of 0.2 ml/min with minimal 
essential medium (Gibco Laboratories, Santa Clara, 
Calif.). gassed with a mixture of 95% oxygen and 5% 
carbon dioxide. Temperature was inaintained at 37° C 
with a circulating water bath. An automated fraction 
collector was used to collect spent media at 15-minute 
intervals over the course of a 5-hour experiment. Sam- 
ples were stored at — 20° C until assayed. 

In the course of preliminary experiments, a steady 
state of prostanoid production was attained after 2 
hours. A typical curve for the production of 6-keto- 
prostaglandin F,, by a uterine artery taken from a pre- 
menopausal woman is depicted in Fig. 1.-Substances 
used to perturb the system were added to the super- 
fusate at 2 hours. f 

Validation. To determine whether the presence of 
prostanoids in spent media was a result of de novo 
synthesis by arterial tissue, two preliminary experi- 
ments were performed in which the effect of indo- 
methacin on 6-keto-PGF,, production was assessed. In 
each experiment indomethacin was added to the media 
of two specimens at a final concentration of 4 x 107? 
mol/L after 120 minutes. Production of 6-keto-PGF,, 
in the presence of indomethacin was compared with 
that of untreated controls. 

Effect of 17B-estradiol (E,) on prostanoid produc- 
tion. Specitnens from pre- and postmenopausal arteries 
(n= = 5 per group) were subjected to four different con- 
ditions for 3 hours beginning at 120 minutes, as follows: 

1. Control, superfusion with neat media 

2. Superfusion with media + E» 10 ng/ml 

3. Superfusion with media + E, 100 ng/ml 

4. Superfusion with media + E, 1000 ng/ml. 

Radioimmunoassay. The stable metabolites of PGI, 
and TxA, (6-keto-PGF,, and TxBs, respectively) were 
measured in superfusate by means of direct radioim- 
munoassays developed in our laboratory. Highly spe- 
cific antibodies for 6-keto-PGF,, and TxB, were pro- 
vided by Dr. Carla Patrono, Universita Cattolica del 
Sacro Cuore, Rome, Italy. Relative cross-reaction to the 
anti-6-keto-PGF,, serum was <1% for PGF,,, 2,3-dinor- 
6-keto- PGF,,, PGE,, PGD; TxBe, ‘and ar achidonic 
acid; cross-reaction to the anti-TxB, serum was 10,5% 
for 2,3- -dinor -TxB., and <1% for 11-dehydro- TxBa, 
PGF,,, PGD, PGE,, 6-keto-PGF,,, and arachidonic acid. 
*H-labeled 6-keto-PGF,, (specific'activity, 157 Ci/mmol) 
and TxB, (specific activity, 180 Ci/mmol) were pur- 
chased from Amersham (Arlington Heights, l.). Assay 
sensitivity was 20 pg/ml for both the 6-keto-PGF,, and 
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TxB, radioimmunoassays. Interassay coefficients of 
variation were 17.4% and 17.5%, respectively. Intraas- 
say coefficients of variation were 7.1% and 7.9%, re- 
spectively. 


Histologic evaluation. Hematoxylin and eosin sec- . 


tions of vessels used in the superfusion experiments 
were taken whenever sample mass permitted. Histo- 
logic evaluation confirmed in all cases that specimens 
were, in fact, arteries. 

Protein determination. Protein content of pre- and 
postmenopausal arteries was determined by the bicin- 
choninic acid method (Pierce Chemicals, Rockford, 
IlL). Pre- and postmenopausal arteries were found to 
be essentially equivalent in their protein content (0.35 
to 0.45 mg protein/mg dry weight). Therefore dry 
weight of desiccated samples was subsequently used as 
a denominator to calculate prostanoid production by 
superfused uterine arteries. Results are expressed in 
terms of total 6-keto-PGF;, production over the steady 
state portion of the experiment (3 hours) per milligram 
of dry weight. l : 

Production kinetics. Production kinetics for 6-keto- 
PGF, were estimated by tne use of linear regression 
analysis to estimate the slove of the production curve 
during the steady state portion of the experiment. Re- 
sults are expressed in picograms of 6-keto-PGF,, per 
milligram of desiccated tissue per minute. 

Statistical analysis. Analysis of variance and non- 
parametric statistics (Mann-Whitney test) were used as 
appropriate to evaluate the data. Data are presented as 
the mean + SEM. 


Results 


Validation experiment. Addition of indomethacin to 
the superfusate of premenopausal specimens resulted 
in a prompt and significant decline in 6-keto-PGF,, pro- 
duction (Fig. 2). 

Basal prostanoid production by pre- and post- 
menopausal uterine arteries. In vitro 6-keto-PGF,, 
production by uterine arteries was observed to vary 
significantly with menopausal status. Integrated steady 
state 6-keto-PGF,, production by specimens from pre- 
menopausal women was nearly fivefold that of post- 
menopausal specimens (1.25 + 0.5 versus 0.27 + 0.2 
ng of 6-keto-PGF,,/mg of desiccated tissue per 3 hours, 
respectively; p < 0.05, Mann Whitney test, Fig. 3): Pro- 
duction kinetics for 6-keto-PGF,, were also found 


to differ significantly with menopausal status (K premen 


pausa = +0.002 versus Kposumenopausa = ~ 0.0011 pg 6- 
keto-PGF,,/mg desiccated tissue per minute). 

Steady state concentrations of TxB, in spent media 
were found to be at or below the detectable limits of 
the assay (<20 pg/ml). 

Effect of E, on short-term prostanoid production. 
Addition of E, in concentrations that ranged from 10 
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Fig. 3. Total steady state production (3 hours) of 6-keto-PGF,, 
by uterine arteries from pre- and postmenopausal women. 
*p < 0.05, Mann-Whitney test. 
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Fig. 4. Effect of 17B-estradiol on total steady state in vitro 6- 
keto-PGF,, production by uterine arteries from pre- and post- 
menopausal women, 


to 1000 ng/ml to superfusate, beginning 120 minutes 
into the experiment, did not significantly affect inte- 
grated 6-keto-PGF,, production (p = NS, analysis of 
variance, Fig. 4) or 6-keto-PGF,, production kinetics in 
pre- or postmenopausal uterine arteries. 


Comment 


The physiologic mechanisms that underly the in- 
creased incidence of ischemic heart disease that occurs 
with menopause and its amelioration by estrogen re- 
placement therapy remain incompletely understood. 
Alterations in lipoprotein metabolism induced by hy- 
poestrogenism are thought to be the principal effectors 
of this phenomenon. However, epidemiologic data sug- 
gest that additional factors must be sought to explain 
the observed increase in morbidity.°-An understanding 
of the ancillary mechanisms through which changes in 
estrogen status alter the risk of ischemic heart disease 
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is essential for the rational design of estrogen replace- 
ment strategies. 

An important observation in this regard is that es- 
trogens are known to increase blood flow in a variety 
of vascular beds.” * The means through which estrogens 
exert this effect are unknown. Possible mechanisms in- 
clude a direct vasodilatory effect of estrogen or mod- 
ulated production of endogenous mediators of vascular 
tone. 

The purpose of this investigation was to determine 
whether vascular production of PGI, differs in pre- and 
postmenopausal women. PGI, is a potent vasodilator 
and inhibitor of platelet activation and is known to play 
a central role in vascular homeostasis. The possibility 
that estrogens modulate vascular PGI, metabolism in 
women is supported by data from a variety of models. 
Makila and colleagues” have shown that perfusion of 
umbilical vessels by pharmacologic amounts of estro- 
gens increased vascular production of PGI,. This effect 
was completely reversed by addition of progesterone 
to the perfusion media. PGI, production by piglet aortic 
endothelial cells obtained from female (but not male) 
animals was markedly augmented by incubation with 
estradiol." Similar results have been obtained with cul- 
tured rat aortic smooth muscle cells.’ In the sheep, 
vascular PGI, production in response to angiotensin <I 
varies dramatically with pregnancy." 

The model used in these experiments provides a 
means to assess the effect of menopausal status and 
short-term estradiol exposure on prostanoid produc- 
tion. Uterine arteries were used in this model because 
of their availability in our center. However, we are cog- 
nizant that in the selection of uterine arteries as a model 
we may not be able to extrapolate these findings to PGI, 
production in the heart and central circulation. Nev- 
ertheless, studies in the sheep suggest that regulation 
of PGI, production in uterine arteries is similar to that 
of systemic (omental) vessels in the nonpregnant state." 
Although differences may exist in the regulation of 
PGI, production in the heart and great vessels (as com- 
pared with peripheral vessels), this model provides pre- 
liminary data concerning the production of prostanoids 
by human vessels in vitro. 

In these experiments 6-keto-PGF,,, the stable metab- 
olite of PGL, was actively synthesized by uterine artery 
specimens from all patients studied. Inhibition of 6- 
keto-PGF,, production by indomethacin showed the 
presence of prostanoids in spent media to be a resul- 
of de novo synthesis by superfused tissue, as opposed 
to leaching of adsorbed prostanoid from vascular en- 
dothelium or release from disrupted cells. In vitro TxB, 
production during steady state was observed to be at 
or below the limits of detection in both pre- and post- 
menopausal patients. These data are consistent with 
previous observations in sheep“ and cattle.’ ' 
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Production of 6-keto-PGF,, was found to be signifi- 
cantly depressed in vessels obtained from postmeno- 
pausal women. Additionally, production kinetics for 6- 
keto-PGF,, were found to differ significantly between 
the two groups. These data suggest that menopausal 
status has a significant effect on vascular PGI, produc- 
tion. This finding may be consistent with a direct effect 
of long-term estrogen deprivation on the regulation of 
the vascular PGI, biosynthetic pathway. Alternatively, 
decreased PGI, synthesis may be a result of progressive 
atherosclerotic injury arising as a consequence of pro- 
longed hypoestrogenicity and aging. However, data 
from Fitzgerald” suggest that atherosclerosis may in- 
duce a compensatcry increase in PGI, preduction, 
rather than the decrease in production noted in these 
studies. In addition, the similarities in protein content 
of uterine arteries from pre- and postmenopausal pa- 
tients observed in this investigation appear to negate 
the latter possibility. A third possibility is an indirect 
effect of altered menopausal lipoprotein profiles on 
PGI, production. In vitro studies suggest that lipo- 
proteins may modulate vascular PGI, synthesis. Low- 
density lipoproteins have generally been shown to exert 
an inhibitory effect and high-density lipoproteins a 
stimulatory influence on PGI, production. Regardless 
of the specific mechanism involved, given the impor- 
tance of PGI, as a vasodilator and inhibitor of plate- 
let activation and thrombosis, these data imply that 
estrogen-related alterations of PGI, production may 
contribute to the increased ischemic heart disease ob- 
served in menopausal women. However, we believe that 
modulation of vascular prostanoid production may ac- 
count for only a portion of the interaction between 
estrogens and ischemic heart disease. 

Although basal PGI, production was found to be sig- 
nificantly decreased in specimens obtained from hy- 
poestrogenic (menopausal) patients, short-term estro- 
gen exposure did not affect vascular PGI, production. 
Uterine vessels are known to possess the ability to re- 
spond to appropriate stimuli (e.g., angiotensin II) with 
increases in PGI, production.“ This response is most 
consistent with a mediator-receptor-second messenger 
interaction resulting in an acute allosteric stimulation 
of prostaglandin synthetase and enzymes contributing 
to prostaglandin substrate mobilization. The failure of 
short-term incubation with pharmacologic amounts of 
estradiol to elicit an increase in vascular production of 
PGI, in these experiments suggests an alternative 
means of regulation in these patients. Chang and 
coworkers have shown that estrogen-induced en- 
hancement of PGI, synthesis by cultured aortic smooth 
muscle cells occurred over the course of 3 to 5 days 
and was a result of an induction of cyclooxygenase and 
PGI, synthetase rather than an acute allosteric phe- 
nomenon. Extrapolation of these data to the human - 
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might explain both the disparity in basal PGI, produc- 
tion between pre- and postmenopausal women and the 
failure of short-term estrogen treatment to modulate 
PGI, synthesis. 

Although the results of these experiments suggest 
that menopausal status (and perhaps estrogenicity) 
modulates vascular PGI, tone, it is evident that further 
studies are required to examine this association. The 
treatment of a group of postmenopausal women with 
an extended course of estrogens before hysterectomy 
would provide a means to examine this question fur- 
ther. Studies designed to specifically assess these factors 
are in progress. 
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Depressive episodes in premenstrual syndrome 


Joseph F. Mortola, MD,* Lyda Girton, PhD, and Samuel S. C. Yen, MD, DSc** 
La Jolla, California 


Episodic depression, a prominent but poorly defined symptom of premenstrual syndrome, was quantitated 
in 24-hour cortisol secretory episodes (determined by sampling at 20-minute intervals) as biochemical 
markers, as well as the Beck Depression inventory and Profile of Mood States as psychometric measures. 
Results of 16 patients with premenstrual syndrome were compared with six age-matched women with 
endogenous depression and 16 control women. On both the Profile of Mood States and Beck Depression 
Inventory, women with premenstrual syndrome showed a marked worsening of scores (p < 0.01) during 
the luteal phase compared with either their own follicular phase scores or the scores of controls in either 
cycle phase. However, Beck Depression Inventory scores were threefold higher (p < 0.005) in women 
with depression than in those with luteal phase premenstrual syndrome (33.7 + 3.6 vs. 11.9 + 2.5). The 
Profile of Mood States depression scale was also higher (p < 0.05) in women with depression than in 
those with premenstrual syndrome, while scores on other Profile of Mood States scales were similar. The ` 
numbers of cortisol secretary pulses identified by the cluster algorithm were similar (5 to 6 per 24 hours) in 


_ all groups, and the times of circadian nadirs as determined by cosinor rhythmometry were comparable. 
While the mean amplitude and duration of the cortisol pulses were also similar in women with 
premenstrual syndrome and controls, both were significantly higher (p < 0.05) in women with depression. 
This resulted in markedly enhanced (p < 0.005) cortisol secretion during a given secretory episode in 
women with depression and in higher 24-hour transverse mean cortisol values in women with depression 
(87.6 + 5.8 ng/ml) than in either those with premenstrual syndrome (66.7 + 3.3 ng/ml) or controls 

(58.¢ + 3.3 ng/ml). These data affirm the clinical impression that depressive episodes occurring 
selectively in the luteal phase of the cycle in women with premenstrual syndrome are not present in 
controls and demonstrate, for the first time, that these episodes are distinct from endogenous depression 
as measured by both cortisol secretory parameters and psychological indices. (AM J OssteT GYNECOL 


1989;161:1682-7.) 


Key words: Premenstrual syndrome, cortisol, depression 


Among the most debilitating and commonly reported 
symptoms premenstrual syndrome (PMS) are depres- 
sive episodes.'* As a result of this clinical observation, 
a possible association between PMS and major affective 
disorder has been sought with both positive®* and 
negative*" results. More recently, depressed subtypes 
of PMS have been described.” To date, however, pro- 
spective delineation of the similarities and differences 
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between the depressive episodes in endogenous depres- 
sion and PMS. has not been achieved. Moreover, the 
expanded serum cortisol pulsatile episodes that have 
been demonstrated to be a sensitive index of endoge- 
nous depression’** have not been evaluated in patients 
with PMS. In the present study well-characterized pa- 
tients diagnosed as having PMS without major depres- 
sive episodes are compared with age-matched women 
with unipolar endogenous depression and with nor- 
mally cycling controls by means of well-validated and 
relaible psychometric instruments. In addition, analysis 
of pulsatile activities of serum cortisol levels measured 
at 20-minute intervals around the clock is used as a 
neuroendocrine marker. 


Methods 


Subjects. Sixteen women with premenstrual syn- 
drome, 16 controls, and six women with endogenous 
depression were studied. All women were between 21 
and 36 years old and had recorded regular menstrual 
cycles for the preceding 6 months, which ranged from 
26 to 34 days. They had no history of previous medical 
or psychiatric illness (with the exception of major 
depression in those included in the endogenous depres- 
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sion group) and had normal results of physical exam- 
ination before admission into the study. Women with 
prior substance abuse or those taking any medications 
including oral contraceptives and vitamin tablets were 
excluded. Control subjects who denied any physical or 
behavioral symptoms associated with the premenstrual 
phase of the cycle were compensated for their partic- 
ipation in the study. The presence of normal ovarian 
cyclicity, including normal luteal lengths (= 12 days) was 
confirmed by daily urine pregnanediol glucuronide 
levels measured by an immunoassay with monoclonal 
antibody’® and normalized by correction for urinary 
creatinine values. 

Women in the endogenous depression group met 
DSM III criteria’ for major depression and research 
diagnostic criteria for major depressive episode, en- 
dogenous subtype.’* '° None received any medication 
during’ the study. However, for ethical reasons their 
participation was limited to 1 month to allow for ap- 
propriate psychopharmacologic intervention. Women 
included in the PMS group met a set of inclusion cri- 
teria that was developed in our research unit. The in- 
clusion criteria for PMS (Table I) was the predictable 
occurrence of both behavioral and somatic symptoms 
reproducibly in the late luteal phase of the cycle, as well 
as the identifiable disruption of interpersonal or socio- 
economic functioning during. this time. Subjects with 
any historical. evidence of affective disorder were ex- 
cluded. Thus no women with both endogenous depres- 
sion and PMS were included in the study. After satis- 
faction of the initial inclusion criteria for the study all 
women in the PMS group and controls were prospec- 
tively evaluated for a 2-month period before enroll- 
ment with the Calendar of Premenstrual Experiences 
(COPE). This inventory, a four-point Likert scale self- 
report instrument, further ensured the cyclic occur- 
rence of physical and behavioral symptoms in women 
with PMS and the absence, by self-report, of these 
symptoms in contrcls. All women in the PMS groups 
showed a twofold increase (p < 0.001) in luteal phase 
scores (defined as the sum of scores on days 20 to 26) 
over’ follicular phase scores (defined as the sum of 
scores on days 3 to 9), while the follicular and luteal 
phase scores of controls were not statistically different. 
This study was approved by the Committee on Inves- 
tigations Involving Human Subjects of the University 
of California, San Diego (UCSD). 

Psychometric measures. On completion of the 2- 
month screening interval, PMS and control subjects 
were given the Beck Depression Inventory (BDI)*” and 
the Profile of Mood States (POMS)! once on day 5 to 
day 9 and again on day 24 to day 27 of two consecutive 
menstrual cycles. Depressed women were administered 
the inventory on one occasion between days 5 and 9 of 
the menstrual cycle. All subjects were instructed to an- 
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Table I. Diagnostic criteria for PMS 





1. The presence by self-report of at least one of the 
following somatic and affective symptoms during 
the 5 days before menses in each of the three 
prior menstrual cycles: 


Affective Somatic 
Depression Breast tenderness 
Angry outbursts Abdominal bloating 
Irritability Headache 
Anxiety Swelling of extremities 
Confusion 


Social withdrawal 
2. These symptoms are relieved within 4 days of 
the onset of menses, without recurrence until at 
least cycle day 13 
3. The symptoms are present in the absence of any 
pharmacologic therapy, hormone ingestion, or 
drug or alcohol use 
4. The symptoms occur reproducibly during two 
cycles of prospective recording 
5. Identifiable dysfunction in social or economic 
performance by one of the following criteria: 
Marital or relationship discord confirmed by 
partner 
Difficulties in parenting 
Poor work or school performance, poor atten- 
dance, or tardiness 
Increased ‘social isolation 
Legal difficulties 
Suicidal ideation 
Seeking medical attention for a somatic 
symptom . 


swer questions on both inventories according to their 
experience on the particular week the inventory was 
taken. Raw scores on the BDI were obtained. Scores 
on the six scales of the POMS, including tension, 
depression, anger, vigor, fatigue, and confusion, were 
converted to T scores by the method described in the 
manual of the POMS.”! 

Cortisol measurements. Six of the women with PMS 
had serum cortisol measurements in the midluteal 
phase of the menstrual cycle (days 6 to & after the 
midcycle luteinizing hormone surge) as determined by 
rapid urinary assay. (Monoclonal Antibodies, Inc.). All 
six depressed women were studied in the early follicular 
phase (days 3'to 5 after the onset of menses) so as not 
to confound results in this group with possible super- 
imposed PMS. Eight controls were also studied in the 
early follicular phase to avoid potential contamination 
of the results by subtle PMS manifestations that may 
occur in normal women during the luteal phase, 
although evidence indicates that the hypothalamic- 
pituitary-adrenal axis does not change throughout the 
course of the normal menstrual cycle.” All subjects 
were admitted to the Clinical Research Center at UCSD 
for an accommodation night, during which an indwell- 
ing catheter was placed into a vein in the nondominant 
forearm. Light-dark schedules and mealtimes were 
standardized. Ambulation and daytime napping were 
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Table II. Mean (+SE} POMS T scores in women with PMS, endogenous depression, and control subjects 











Controls (n = 16) PMS (n = 16) 




















Endogenous depression: 
Follicular (n = 6) 






Follicular Luteal Follicular Luteal 


. Tension $9.3 + 1,7 39.2 + 2.1 41.8 + 0.8 55.9 + 1.0* 62.3 + 3.3* 
Depression 41.34 11 41.7 + 2.3 43.2 + 0.6 54.6 + 1.1* 67.0 + 4.7*+¢ 
Anger 42.2 + 1.2 45.6 + 0.9 45.6 + 0.9 58.5 + 1.2* 57.8 + 4.3* 
Vigor 52.1 + 2.0 51.5 + 1.6 52.9 + 0.8 39.2 + 1.0* — 39.1 + 3.7% 
Fatigue 42.4 + 1.2 40.8 + 2.2 42.9 + 0.8 57.3 + 1.1* 60.6 + 1.3* 
Confusion 35.5 + 1.0 36.1 + 1.8 38.5 + 0.6 49.9 + 1.2* 56.8 + 4.4* 





tp < 0.01, compared with values for follicular or luteal phase controls or follicular phase PMS. 


tp < 0.05, compared with value for luteal phase PMS. 


avoided. Lights were off from 11 pm to 7 Am and sleep 
was monitored by trained observers. Meals were at 
8 am; 12 noon, and 6 pM. Meals contained approxi- 
mately 50% of calories as carbohydrate, 35% as fat, and 
18% as protein. Blood samples (2 ml) were obtained at 
2(-minute intervals for 24 hours through the indwell- 
ing catheter, which extended into an adjacent room so 
as not to disturb the subject during sleep hours. 
- Serum cortisol was measured by radioimmunoassay 
in each of the unextracted samples by techniques pre- 
viously described.” The interassay coefficient of vari- 
ation was 6.5% and the sensitivity of the assay was 10 
ng/mi. All samples from a given subject were included 
in the same assay run.’ ` 

Pulse detection. Cortisol pulses were characterized 
by using the computerized cluster analysis algorithm.” 
This program searches for significant increases and de- 
creases in a series of hormone values. This analysis 
affords assessment of attributes of pulse amplitude, du- 
ration, and area, as well as frequency. A’ significant 
pulse was defined by a cluster configuration of 2 x 2 
(two values for the upstroke and downstroke) and a ¢ 
statistic of 3.34 for both significant increases and de- 
creases and limits the likelihood of false-positive de- 
terminations to <5%."" A method described by Mer- 
riam et al. was used in estimating the within-sample 
variance at various hormone concentrations. To estab- 
lish a relationship between the coefficient of variation 
and its corresponding hormone level, 10 replicates 
were measured at 10 different doses between 40.3 and 
3934 ng/ml and a second-degree polynomial regression 
for standard deviation as a function of hormone con- 
centration was constructed. The resulting coefficients 
were 0.00014, 0, and 2.12 for the second-degree co- 
efficient, first-degree coefficient, and intercept, respec- 
tively. These calculated standard deviations were used 
in the cluster algorithm. The coefficient of variation at 
any given hormone concentration was then obtained 
by division of the calculated standard deviation:by the 
dose. The résulting intraassay coefficients of variation 
ranged from 2.8% to 6.2% at doses between 40 and 400 
ng/ml, 


Circadian rhythm. The nadir of the circadian 
rhythm of cortisol for each subject was determined by 
single cosinor computation by means of the rhyth- 
mometry algorithm described by Nelson et al.” 

Statistical analysis. The 24-hour transverse mean 
levels were defined as the arithmetic mean of the 73 
determinations obtained for each subject. Differences 
between groups in 24-hour transverse mean cortisol 
levels, cortisol pulse parameters, and cortisol circadian 


. rhythm, as well as in psychometric scores (BDI scores 


and T scores on each of the scales of POMS), were 
analyzed by one-way analysis of variance followed by 
Newman-Keuls multiple range tests. The data are pre- 
sented as mean + SE. , 


Results 


Psychometric measures. Results of the BDI scores 
(Fig. 1) were similar in control subjects during both 
follicular and luteal phases and in subjects with PMS 
during the follicular phase. In contrast, in the luteal 
phase, subjects with PMS showed a twofold increase 
(p < 0.05) in the BDI score. Mean luteal phase scores 
in PMS, however, remained threefold lower (p < 0.005) 
than the scores obtained in women with depression in 
the follicular phase (11.7 + 2.5 vs. 33.7 + 3.6). 

Control subjects did not show any differences on any 
of the Profile of Mood States scales between the follic- 
ular and luteal phases (Table II). As with the BDI, 
follicular phase POMS scores in women with PMS were 
similar to those of controls on all scales. However, a 
marked worsening of all mean scores (p < 0.01) oc- 
curred in women with PMS during the luteal phase to 
a degree similar to that obtained in depression on ten- 
sion, anger, confusion, and fatigue, and there was also 
a decrease in vigor. The greater (p < 0.05) depression 
scale was the only parameter that exhibited departure 
of PMS from depression in the luteal phase (Table IT). 

Cortisol 24-hour rhythms. Representative samples 
of the 24-hour circadian profiles of women with PMS, 
women with depression, and controls are shown in Fig. 
2. In all subjects the circadian variation was maintained. 
The mean nadir times of the circadian rhythm of cor- 
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Table III. Transverse mean 24-hour levels and 24-hour pulsatile characteristics of serum cortisol levels in 
women with PMS, endogenous depression, and control subjects 








Pulsatile characteristics 













24 hr mean 
(ng/ml) 











Subject no. No./24 hr 





PMS 

PMS 1 61.6 6 ' 

PMS 2 75.3 6 

PMS 3 61.6 6 

PMS 4 71.7 4 

PMS 5 55.7, 8 

PMS 6 73.9 8 

Mean + SE 66.7 + 3.3 6.3 + 0.6 
Depression 

DI 52.3 4 

D2 86.3 G 

D3 98.1 4 

D4 90.2 6 

D5 74.0 6 

D6 125.9 5 

Mean + SE 87.8 + 10.07 5.2 + 0.4 
Controls 

Cl 55.5 9 

C2 73.7 5 

C3 52.2 6 

C4 53.9 5 

C5 74.0 5 

C6 53.0 4 

C7 62.7 5 

c8 46.9 6 

Mean + SE 58.9 + 3.3 5.6 + 0.5 


*Mean for a 24-hour period. 


Amplitude* 
(ng/ml) 


Duration* 
(min) 






Area* 
(ng minimil X 10?) 





56 123 32.6 
130 173 71.6 
91 200 62.8 
78 195 45.1 
74 196 36.4 
112 123 48.6 
90.2 + 11.0 156.7 + 15.0 49.6 + 6.2 
91 36 103.4 
137 200 102.8 
151 186 98.0 
133 233 134.8 
118 183 70.0 
161 192 ` 115.4 
132.8 + 10.57 215.0 + 24.54 103.8 + 8.7} 
72 106 36.7 
117 196 94.7 
118 153 57.9 
85 172 48.9 
109 130 51.0 
156 168 48.2 
84 163 53.7 
109 116 59.5 
102.5 + 6.9 ` 169.6 + 16.6 56.3 + 6.0 


tp < 0.05 by Newman-Keuls test versus values for PMS or controls. 
tp < 0.005 by Newman-Keuls test versus values for PMS or controls. 


tisol were similar in all groups and occurred at ap- 
proximately 9 pm. As illustrated, a loss of the evening 
quiescent period of cortisol (6 pm to 12 midnight) was 
noted in women with depression and was accompanied 
by continued secretory episodes only in this group. 
Analysis of the 73 sampling times throughout the 24- 
hour biologic clock revealed that subjects with depres- 
sion had higher mean cortisol levels (p < 0.001) than 
those of controls at all times, with the exception of a 
brief period during the early morning hours when val- 
ues overlapped (Fig. 3), whereas women with PMS 
showed mean cortisol values that overlapped those of 
controls throughout the 24-hour circadian clock. This 
resulted in significantly (p < 0.05) higher 24-hour 
transverse mean levels in depression (87.8 + 10.0 
ng/ml) than in PMS (66.7 + 3.3 ng/ml) or controls 
(58.9 + 3.3 ng/ml), which were similar (Table II). 
Analysis of the cortisol pulsatile activity (Table III) 
among the three groups révealed that the mean num- 
ber of pulses (pulse frequency) duri ing the 24- -hour sam- 
pling period were similar (PMS, 6.3 + 0.6; depression, 
5.2 + 0.4; controls, 5.6 + 0.5). Compared with con- 
trols, subjects with PMS did not differ significantly with 


respect to either pulse amplitude (PMS, 90.2 + 11.0 
ng/ml; controls, 102.5 + 6.9 ng/ml) or pulse dura- 
tion (PMS, 156.7 + 15.0 minutes; controls, 169.6 + 
16.6 minutes) and these values were lower (p < 0.05) 
than those of women with depression for both ampli- 
tude (132.8 + 10.5 ng/ml) and duration (215.0 + 
24.5 minutes). Thus the combination of increased 
amplitude and duration led to markedly expanded 


(p < 0.005) cortisol secretory episodes in depressed 


women (103.8 +8.7 X 10? ng- min/ml) as compared 
with those of controls (56.3 + 6.0 x 10° ng- min/ml), 
which was not evident in PMS (49.6 + 6.2 x 10° 
ng» min/ml). 


Comment 


Our subjects with PMS demonstrated depressive ep- 
isodes that occurred selectively in the luteal phase of 
the cycle. Characteristics of these episodes included 
both elevated scores on the BDI and a worsening of all 
scores on the POMS during the luteal phase. The fol- 
licular phase BDI scores in our subjects with PMS were 
far lower than those found in a previous study using 
this instrument in PMS.” This-was due primarily to the 
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BECK SCORE 





FOL LUT FOL LUT FOL 
CONTROLS PMS DEPRESSION 


Fig. 1. Mean (+SE) Beck depression scores in controls and 
subjects with PMS in the follicular and luteal phases and sub- 
jects with endogenous depression in the follicular phase. (As- 
terisk, p < 0.05; triple asterisk, p < 0.005.) 
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Fig. 2. Representative 24-hour serum cortisol secretory pat- 
terns and circadian rhythms in a control subject (top panel), a 
subject with PMS (middle panel), and a subject with endogenous 
depression (bottom panel}, illustra ating larger pulses in the sub- 
ject with depression. (Asterisk denotes pulses.) 


specific exclusion of depressed subjects in our study. 
On-the’basis of the POMS, the degree of tension, anger, 
confusion, or fatigue experienced in our subjects with 
PMS did not differ from the degree of these symptoms 
seen in major depression, and the loss of vigor was zlso 
comparable. These scores in women with PMS, how- 
ever, returned to control values during the follicular 
phase’ of the cycle and reproducibly recurred during 
the luteal phases of consecutive menstrual cycles. These 
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Fig. 3. Comparison of 24-hour mean (+SE) serum cortisol 
levels in subjects with PMS and controls (top panel) and in 
subjects with PMS and those with endogenous depre ession (bot- 
tom. panel). . 


results are consistent with a previous report using this 
measure." Several studies have found a high incidence 
of PMS in women with major affective disorder.** To 
date the nature and severity of luteal phase depressive 
symptoms has not been adequately assessed in women 
who have PMS with a specifically excluded history of 
major depression. Our study is the first to compare 
these scores with those of a population of women with 
endogenous depression that was simultaneously eval- 
uated. Within the limitations of our psychometric mea- 
sures, the degree of the symptom of depression itself 
showed marked differences in the luteal phase between 
women with PMS and those with major depression. 
Such differences are explained on the basis of the de- 
grees of self-reproach, loss of interest in life, and sense 
of helplessness and hopelessness, which are more pro- 
nounced in major depression than in our subjects 
whose lives were significantly disrupted by eens 
of PMS. 

In addition to the greater severity of the symptom 
of depression itself, the cortisol changes that have’ 
previously been noted to occur in endogenous depres- 
sion"? were absent in our subjects with PMS in whom 
overt depression was specifically excluded. This may 
be due to differences in the pathophysiology of these 
disorders or the fact that the hypothalamic-pituitary- 
adrenal axis changes that occur in depression require 
longer time to manifest than the relatively brief epi- 
sodes of affective symptoms in PMS. In either case this 
study expands on previous findings that abnormalities 
in the dexamethasone suppression test and elevations 
of 24-hour urinary cortisol level were not found in 
PMS." It confirms the results of a small study in which 
circadian cortisol rhythms in two subjects with PMS 
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were found to be similar to those of controls. To our 
knowledge, however, the present study represents the 


first demonstration that PMS is distinct from endoge- ’ 


nous depression on the basis of the differences in both 
amplitude and duration of serum cortisol pulses, which 
were used as a biochemical marker, as well as prospec- 
tive psychometric evaluation. 


We are grateful to Gail Laughlin for her assistance 
in use of the computerized cluster detection algorithm 
and to Del Alsobroox for her assistance in preparation 
of the manuscript. We are also indebted to the nurses 
in the UCSD Clinical Research Center for their in- 
valuable assistance in sample collection. 
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Peri-implantation phase endometrial estrogen and progesterone 
receptors: Effect of ovulation induction with 


clomiphene citrate 


Bryan R. Hecht, MD, Firyal S. Khan-Dawood, PhD, and M. Yusoff Dawood, MD 


Chicago, Illinois 


The effects of clomiphene citrate on endometrial nuclear estradiol receptors and progesterone receptors 
ware examined in 10 normal women during an untreated cycle (control) and during treatment with 50 mg 
clomiphene citrate and 150 mg clomiphene citrate daily on days 5 through 9. Concentrations and binding 
constants of the receptors were determined in endometrium obtained 8 to 12 days after midcycle 
luteinizing hormone surge. Scatchard plots for both estrogen receptors and progesterone receptors were 
linear, indicating only one type of high-affinity binding sites. In control cycles, estrogen receptor levels 
(mean + SEM) were 199.6 + 23.1 fmol/mg deoxyribonucleic acid, (n = 8) and were not significantly 
different from either 50 mg clomiphene citrate (180.5 + 19.1 fmol/mg deoxyribonucleic acid, n = 6) or 150 
mg clomiphene citrate (194.3 + 35.2 fmol/mg deoxyribonucleic acid, n = 4). Similarly, the dissociation 
constants were unaffected by clomiphene citrate treatment. The concentrations of progesterone receptors 
in the control cycles (613 + 31 fmoi/mg deoxyribonucleic acid, n = 5) and treatment cycles (50 mg 
clomiphene citrate — 652.8 + 121 fmol/mg deoxyribonucleic acid, n = 6; 150 mg clomiphene 

citrate ~ 592.6 + 31 fmol/mg deoxyribonucleic acid, n = 7) were also not significantly different. 
Glomiphene citrate also did not affect dissociation constants for progesterone receptors. Therefore, 
avulation induction with clomiphene citrate apparently did not affect peri-implantation phase endometrial 
estrogen receptors and progesterone receptors or their respective binding constants. (Am J OBSTET 


GYNECOL 1989;161:1688-93.) 


Key words: Clomiphene citrate, estrogen receptors, progesterone receptors, implantation, 


endometrium 


In the human uterus, estrogen, followed by proges- 
terone, stimulates endometrial maturation and prep- 
aration for blastocyst implantation. These two ovarian 
hormones exert their effects on the endometrium 
through their specific hormone receptors, concentra- 
tions of which may determine the sensitivity of the en- 
dometrium to circulating estrogen or progesterone. 
Estrogen induces its own receptors and progesterone 
receptors. Delayed, inadequate, or asynchronous de- 
velopment of the endometrium may arise from inad- 
equate levels of estrogen, progesterone, or their recep- 
tors and abnormal receptor activity. Studies of steroid 
hormone receptors in endometrial tissues of infertile 
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women with luteal phase defect have yielded conflicting 
results.” These discrepancies may result from the di- 
verse mechanisms responsible for this disorder and dif- 
ferences in methods and analysis used for steroid hor- 
mone receptor populations, 

Clomiphene citrate, a nonsteroidal synthetic com- 
pound with both estrogenic and antiestrogenic activity,® 
is widely used for ovulation induction. Inasmuch as 
clomiphene citrate is concentrated in the endometrium, 
inhibits tissue uptake of estrogen," and has been im- 
plicated in delayed endometrial development,’ a direct 
adverse effect on the endometrium has been suggested. 
This effect may contribute to the discrepancy observed 
between successful ovulation and pregnancy rates when 
clomiphene citrate is used for ovulation induction and 
points to possible impaired implantation as a factor. 
Because clomiphene citrate is known to bind to estro- 
gen receptors and alter their intracellular kinetics® '°"! 
it could alter endometrial maturation directly through 
estrogen receptors or indirectly through progesterone 
receptors, which are normally induced by estrogen. 
Previous studies'*"* on the effect of clomiphene citrate 
on human endometrial steroid receptors were not de- 
signed to address the relationship between the recep- 
tors and luteal phase abnormalities or the biochemical 


Volume 161 
Number 6, Part 1 


basis of implantation. In a study of infertile women 
treated with clomiphene citrate, only the cytosolic re- 
ceptor population from secretory endometrium could 
be studied because of limitations on the quantity of 
tissue obtained.” Because these studies were per- 
formed in infertile women, it is not possible to exclude 
other potential infertility effects on the endometrium. 
This study was carried out to examine the effect of 
clomiphene citrate on the concentrations and binding 
activities of endometrial estrogen and progesterone re- 
ceptors at the peri-implantation phase. We conducted 
the present investigation on normal ovulatory women 
to eliminate other confounding infertility factors on the 
endometrium. In addition, we determined the effect 
of high-dose (150 mg) and low-dose (50 mg) clomi- 
phene citrate administration on endometrial steroid 
hormone receptors in the same subjects. 


Material and methods 


Subjects. Ten normal fertile female volunteérs with 
regular menstrual cycles were recruited and gave in- 
formed consent for the study, which was approved by 
our Institutional Review Board. All subjects had pre- 
viously undergone tubal sterilization or were using bar- 
rier contraception. The clinical characteristics are sum- 
marized in Table I. 

Medication and biopsy protocol. Eight subjects were 
studied for three consecutive menstrual cycles, whereas 
two were studied for three nonconsecutive cycles. The 
first cycle was a control cycle during which the subjects 
did not receive medication. In the second cycle, clo- 
miphene citrate 50 mg was given daily on days 5 
through 9 of the cycle; in the third cycle, 150 mg clo- 
miphene citrate was given daily on days 5 through 9. 

Basal body temperature (BBT) was recorded by each 
subject for all cycles studied. First-voided urine samples 
were collected daily, beginning on cycle day 11 and 
continuing until a luteinizing hormone (LH) surge was 
identified or a sustained BBT rise was demonstrated. 
The urinary LH surge was determined by the Q test 
ovulation test kit (Clay Adams, Division of Becton Dick- 
inson, Parsippany, N.J.) with a monoclonal LH anti- 
body in an enzyme immunoassay for LH. The day of 
the LH surge was subsequently confirmed by the mea- 
surement of LH in the plasma, 

Daily peripheral heparinized venous blood samples 
were obtained from cycle day 11 until the day of the 
endometrial tissue biopsy. The plasma was separated 
and stored at —20° C until assayed. Plasma LH was 
measured by a specific double antibody radioimmu- 
noassay. Plasma progesterone was measured by a spe- 
cific radioimmunoassay as previously described,"* with 
the use of an antibody raised against progesterone-1 1- 
oxime bovine serum albumin conjugate. To reduce in- 
terassay variability, ail blood samples from the same 
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Table I. Clinical characteristics of the 10 
subjects studied 





Characteristics Mean + SEM 
Age (yr) 30.3 + 1.1 
Weight (kg) 77.3 + 5.4 
Parity 24+ 0.4 
Menstrual cycle length (days) 28.5 + 1.1 


patient were performed in the same assay for each 
hormone. 

Endometrial biopsies were performed 8 to 12 days 
after the LH surge with a mean of 10.4 to 10.8 days 
(Table II). The subjects were given ibuprofen 800 mg 
orally 1 hour before the endometrial biopsy, which was 
performed with a paracervical block. The uterine cavity 
was systematically and thoroughly curetted to obtain as 
much endometrial tissue as possible. Endometrial cur- 
ettings were immediately rinsed in ice-cold normal sa- 
line solution to remove blood and debris, and a small 
piece was taken for histologic studies. The remaining 
tissue was snap frozen by immersion in liquid nitrogen 
and after removal was stored at — 70° C until ready for 
receptor studies (within 2 weeks of collection for most 
of the samples but in a few cases between 2 and 4 weeks 
of collection), Preparation of tissue nuclear fraction and 
determination of endometrial nuclear estradiol and 
progesterone receptors were as previously described 
and validated in this laboratory by Khan-Dawood and 
Dawood.’” 8 

Preparation of endometrial cell nuclei. The frozen 
tissue was homogenized at 4° C in eight volumes of 
Tris-glycerol buffer (10 mmol of Tris-base, 1.5 mmol 
dithiothreitol, and 30% vol/vol of glycerol at a pH of 
7.4) with a Tissumizer homogenizer (Tekmar, Cincin- 
nati, Ohio) at a setting of 50, Three 10-second bursts 
with 30-second cooling intervals were used for homog- 
enization. The homogenate was centrifuged at 800 g 
for 10 minutes at 4° C. The 800 g pellet was washed 
three times with 20 volumes of Tris-glycerol buffer and 
resuspended in the same volume of buffer for mea- 
surement of nuclear receptors. The nuclear deoxyri- 
‘bonucleic acid (DNA) concentration was determined by 
the method of Burton. Approximately 400 pg of tis- 
sue was needed for a seven-point saturation assay to 
enable satisfactory Scatchard analysis of hormone re- 
ceptor binding. 

Measurement of nuclear receptors. Concentrations 
of nuclear progesterone and estradiol receptors were 
determined by exchange assays with the use of 
PH] promegestone (R5020) and [PH] moxestrol 
(R2858), respectively (New England Nuclear Research 
Products, Boston, Mass.). Aliquots of 500 jl nuclear 
suspension were incubated with 100 ul of tritiated mox- 
estrol (specific activity, 87 Ci/mmol) or promegestone 
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300 









Fig. 1. Mean + SEM nuclear estrogen receptors, Ka and K, in peri-implantation phase (luteal phase) 
endometrium. Treatment with clomiphene citrate in doses of 50 mg/day and 150 mg/day from 
days 5 through 9 of the cycle had no effect on nuclear estrogen receptor concentrations or binding 
affinities. Numbers within the bar graphs represent number of subjects whose endometrial tissues 
were studied. 


Table II. Characteristics of cycles before and during treatment with clomiphene citrate (mean + SEM) 


Clomiphene citrate 





Characteristics 





150 mg 








Cycle length (days) 28.5 + 1.1 28.2 + 0.6 29,0 + 0.4 

LH surge (cycle day) 16.4 + 1.2 16.5 = 0.5 17.1 + 0.7 

LH surge—biopsy interval (days) 10.4 + 0.2 10.7 = 0.4 10.8 + 0.1 

Progesterone on biopsy day (ng/ml) 9.4 + 1.6 10.5 = 1.6 *16.5 + 2.6 

*p < 0.05. 
(specific activity, 87 Ci/mmol) in concentrations that dissociation constant (Ka) and association constant (K,). 
ranged from 2.5 to 20 nmol. A parallel set of tubes Specific binding is expressed as femtomoles of hor- 
were incubated with 100-fold excess of nontritiated li- mone bound per milligram of DNA. Data are expressed 
gand (moxestrol or promegestone) to measure non- as mean + SEM. Means between different treatment 
specific binding. For the estracliol receptor assay, the cycles were compared by one-way analysis of variance 
mixtures were incubated at 37° C for 30 minutes, and before the paired or nonpaired Student é test between 
for the progesterone receptor determination the in- two different treatment regimens. A p value >0.05 was 
cubation was carried out at 4° C for 16 hours. The not considered significant. 
binding reaction was terminated by the addition of 
1 ml of ice-cold Tris-glycerol buffer and centrifuged at Results 
800 g. The pellet was washed three times in the same Clinical findings. All menstrual cycles in control and 
buffer. One ml of 100% ethanol was used to elute the treatment cycles were ovulatory as determined by iden- 
bound’ nuclear receptors from the washed pellet. The _ tification of an LH surge, biphasic BBT, elevated pro- 
ethanolic supernatant was added to 10 ml of high- gesterone concentrations, or the presence of secretory 
efficiency scintillation Huid (Biocount, Research Prod- endometrium on biopsy. The.cycle length, day of the 
ucts International Corp, Mount Prospect, III.) and ra- LH surge, and plasma progesterone concentrations are 
dioactivity was counied in a liquid scintillation counter indicated in Table IJ. Only the plasma progesterone 
with an efficiency of 58% for tritium. levels on the day of the biopsy during the 150 mg clo- 
Data analysis. A Scatchard plot was constructed for miphene cycles were significantly different from con- 


analysis of the total number of binding sites and the trol values. 
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DISSOCIATION CONSTANT-Kd ASSOCIATION CONSTANT-Ka 
(x 10- moit) ` 


(x108 L/mol) 


Fig. 2. Mean + SEM nuclear progesterone ecepto: Ka and K, in peri- implantation phase (luteal 
phase) endometrium. Clomiphene citrate treatment (50 mg and 150 mg daily from days & through 
9 of the cycle) had no significant effect on nuclear progesterone receptor concentrations or binding 


affinities. 


Receptor concentrations and binding affinities. 
The mean + SEM concentrations, Ky and K, of en- 
dometrial nuclear estradiol receptors in control cycles 
and clomiphene citrate—treated cycles are shown in 
Fig. 1. In control cycles, estrogen receptors levels were 
199.6 + 23.1 fmol/mg DNA (n = 8) and were not 
significantly different from either treatment with 50 
mg c lomiphene citrate (180.5 + 19.1 fmol/mg DNA, 
n = 6) or 150 mg clomiphene citrate (194.3 + 35.2 
fmol/mg DNA, n = 4), The K, and K, were also un- 
affected by treatment with clomiphene citrate. 

Similarly, there was no significant change in the con- 
centrations, Ky, and K, of nuclear progesterone recep- 
tors with 50 mg and 150 mg clomiphene citrate as com- 
pared with untreated control cycles (Fig. 2). The con- 
centrations of progesterone receptors were 613 + 31 
fmol/mg DNA in control cycles, 652.8 + 121 fmol/mg 
DNA with 50 mg clomiphene citrate, and 592.6 + 31 
fmol/mg DNA with 150 mg clomiphene citrate. Fig. 3 
shows representatiye Scatchard plots for endometrial 
nuclear estradiol receptors in control, 50 mg, and 150 
mg clomiphene citrate—treated cycles from one subject. 
Representative Scatchard plots for nuclear progester- 
one receptors in control and clomiphene citrate— 
treated cycles from one patient are shown in Fig. 4. 


Comment 


Because of the disparity between ovulation rates and 
viable pregnancy rates in women undergoing ovulation 
induction with clomiphene citrate,'* we examined the 
estrogen and progesterone nuclear receptors ‘of en- 
dometrial tissues for inappropriate changes around the 
time of implantation during the luteal phase, Given in 


doses of 50 mg and 150 mg daily from days 5 through 
9 of the cycle, clomiphene citrate did not produce a 
demonstrable effect on either the concentrations or the 
binding affinities of both estrogen and progesterone 
nuclear receptors in luteal phase peri- implantation en- 
dometrium. The use of rapid LH determinations in 
urine and plasma enabled us to obtain endometrium 
of similar luteal ages for all cycles studied. To eliminate 
any potential endometrial factors unrelated to clomi- 
phene citrate use (which may be present in infertile 
women) and to obtain adequate endometrial tissues for 
dependable Scatchard analysis of the receptors studied, 
only fertile normal ovulatory women not desirous of 
pregnancy were studied. In addition, each subject acted 
as her own control by having her own untreated ovu- 
latory cycle studied. 

Previous limited studies'* ' have examined the effect 
of clomiphene citrate on endometrial steroid receptors 
but differed in either the type of subjects, the cycle time 
when medication was given, or the analysis and type of 
receptors measured. Clomiphene citrate given to ovu- 
lating women during the luteal phase depressed both 
cytosolic and nuclear estrogen receptors but only cy- 
tosolic progesterone receptors.” However, there is no 
clinical indication to give clomiphene citrate in the lu- 
teal phase. Both total and cytosolic estrogen and pro- 
gesterone receptors were reported to be ‘significantly 
reduced but the corresponding nuclear receptors were 
significantly increased in endometrium obtained at oo- 
cyte retrieval’ after follicle recruitment’ with clomi- 
phene, human mencpausal gonadotropin, and human 
chorionic gonadotropin for in vitro fertilization. With 
the measurement of only luteal phase endometrial cy- 
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Fig. 3. Representative Scatchard analysis of luteal phase (peri-implantatzon) human endometrial 
nuclear estrogen receptor binding activity in one patient during a control cycle and in cycles treated 
with 50 mg/day and 150 mg/day of clomiphene citrate from days 5 through 9. 
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Fig. 4. Representative Scaichanl analysis of luteal phase (peri- implanta: ion) human endometrial 
nuclear progesterone receptor binding activity in one patient during a control cycle and in cycles 
treated with 50 mg/day and 150 mg/day of clomiphene citrate from days 5 through 9. 


tosol estrogen and progesterone receptors in infertile 
women given clomiphene to induce ovulation, Aksel 
et al. found decreased levels of these receptors without 
any correlation with luteal phase defects. In post- 
menopausal women, clomiphene given to antagonize 
the proliferative effects of estrogen replacement in- 
duced a significant decrease in cytosolic estrogen and 
progesterone receptors."* Whereas these studies are in- 
teresting, current concepts about the localization of ste- 
roid hormone receptors being in the nucleus” and not 
in the cytosol render interpretation of the findings dif- 
ficult at best, if not impossible, when the nuclear re- 
ceptors are not measured. It is precisely for this reason 
that we undertook.to measure receptors in the nuclear 
material. 

It is noteworthy that tamoxifen, another triphenyl- 
ethylene derivative with mixed ‘agonist-antagonist 
properties, given during the follicular phase for up 
to 21 days did not cause any significant change in 
late luteal phase endometrial estrogen receptor and 
progesterone receptor concentrations."' Whereas we 
found no appreciable effect of clomiphene on peri- 
implantation phase endometrial steroid receptor con- 


centrations and binding affinities, it does not exclude 
possible effects on mechannisms at the postreceptor 
translational level. The results of our study lend bio- 
chemical support to the currently evolving challenge 
that clomiphene may actually have no adyerse effect 
on the endometrium” ® and that the discrepancy be- 
tween successful ovulation and pregnancy rates dis- 
appears when life-table analysis of pregnancy and other 
infertility factors are carefully considered.*! That the 
antiestrogenic effects of clomiphene may have attained 
unearned significance i is further compounded by the 
difficult and controversial diagnosis of luteal phase de- 
fect,” a condition often overdiagnosed. Furthermore, 
the currently marketed formulations of clomiphene 
consist of a mixture of enclomiphene and zuclomi- 
phene isomers, each of which has a different ratio of 
agonist-antagonist properties so that the ratio of estro- 
genic and antiestrogenic effect may vary from prepa- 
ration to preparation. l 

In conclusion, it is reassuring from a clinical stand- 
point that clomiphene citrate in customarily used doses 
of 50 mg and 150 mg from day 5 through 9 of the cycle 
does not produce any significant change in the con- 
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centrations and binding affinities of peri-implantation 
phase endometrial estrogen and progesterone re- 
ceptors. 
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The placenta has beeh, shown to be the.major source of éstrogen production during pregnancy. This 
investigation was undertaken to compare the content and activity of aromatase in the placenta and various 
cther human fetal tissues. Tissues were obtained from first- and second-trimester human abortuses. THe 
amount of aromatase P-450 (aromatase cytochrome P-450) in tissue homogenates was determined after 
sodium dodecyl sulfate- -polyacrylamide gel electrophoresis and immunoblotting by use of a polyclonal 
antibody directed against aromatase cytochrome P-450. The activity of aromatase in microsomal 
preparations was assayed by determining the rate of incorporation of tritium from 1- -’HJandrostenedione 
into [*H]water. The greatest amount of aromatase cytochrome P-450 (55 kd) was detected in placenta and 
lesser amounts were detected in other tissues. Aromatase activity also was highest i in placental microsome 
fractions (368 + 62. 4 pmol/mg/hr [mean + SE],n = 9). A significant amount of aromatase activity was 
also detected in fetal livér (19 + 4.8 pmol/mg/hr, n = 7). Much léss activity was foufid in brain (2.8 + 1.0 
pmol/mg/hr, n = 6) and intestine (2.7 + 1.3 pmol/mg/hr, n = 7). Minimal activity was noted in adrenal 
(n = 5), spleen (n = 4), stomach (n = 4), and muscle {n = 5) (1.2 to 1.5 pmiol/mg/hr). Activity in kidriey 
(qn = 7), heart (n = 4), and lung (n = 4) was extremely low (<0.8 pmol/rhg/hr). In conclusion, the 
placenta is a major site of conversion of C19 steroid precursors to estrogens because of the amount of 
enzyme and the high rate of activity of aromatase compared with those of other fetal tissues. However, 
considering the size and rate of aromatase activity in other fetal tissues such as liver, brain, and intestine, 
these tissues also may contribute to the total estrogen production in the fetal-placental unit. (AM J OBSTET 


Gynecol 1989;161:1694-7.) 


Key words: Aromatase, placenta, aromatdse cytochrome P-450 


The enzyme aromatase P-450 (aromatase cyto- 
chrome P-450) catalyzes the formation of C18 estrogens 
from C19 steroid precursors. During pregnaiicy the 
placenta is considered to be the principal site of estro- 
gen synthesis. However, aromatase activity is known to 
be present in several other tissues. The ability of the 
Fetal liver to convert C19 steroids to estrogens is well 
documented.'® The metabolism of androstenédione to 
estrogens by the human fetal brain also has been pre- 
viously, demonstrated." ** Additionally, the fetal adre- 
nal, kidney, lung, and thymus appear to be capable of 
converting androstenedione to estrone.'* The methods 
used by previous investigators include radioisotopé in- 
fusion of previable fetuses? or single- and double- 
isotope incubatioris followed by thin-layer chromatog- 
raphy and crystallization to homogeneity with thé use 
of homogenates or slices of fetal tissues.'* 

The physiologic role of the large quantity of estro- 
gens synthesized by the fetal-placental unit isnot com- 
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pletely understood. It has been proposed that estrogen 
may regulate or fine-tune the events leading to par- 
turition since pregnancies are often prolonged when 
estrogen levels in maternal blood and urine are low, as 
in placental sulfatase deficiency, or when associated 
with anencephaly,® " Estrogens also may play a role in 
fetal organ maturation and development. This inves- 
tigation was undertaken as an attempt to further define 
the mechanisms of fetal estrogen production. Our pri- 
mary goal was to quantitate the activity of aromatase 
and the content of afomatase cytochrome P-450 in the 
placenta and various other human fetal tissues. 


Material and methods 

Source and preparation of tissue. Tissues were ob- 
tained from fettises of 12 to 18 weeks’ gestation ‘at in- 
diiced abortion. Tissues were obtained in accotdance 
with the Donors Anatomical Gift Act of the State of 
Texas after consent in writihg from the woman who 
was to undergo the abortion. Consent form and pro- 
tocol were approved by the Human Research Review 
Committeé of the University of Texas Southwestern 
Medical Center at Dallas. Fetal tissues were transported 
on ice and homogenates and microsomal fractions were 
prepared as rapidly as possible (usually <1 hour). 

Preparition of homogenates. A homogenizing 
buffer containing 0.25 mol/L sucrose, 10 mmol/L 
tris(hydroxymethyl)aminomethane hydrochloride 
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Fig. 1. Aromatase activity in various human fetal tissues. Aromatase activity was determined by the 
measurement of the formation of PH]water from 1[PH]androstenėdione as described in Material 
and methods. Each bar represents the mean + SEM of the results obtained. n, Number of fetuses 
used for each determination. Data are expressed as picomoles per milligram of microsomal protein 
per hour of aromatase activity; asterisk, p < 0.01 where placental activity differed significantly from 
other tissues; double asterisk, p < 0.05 where liver activity differed significantly from other fetal tissues. 


(Tris-HCl), | mmol/L ethylenediaminetetraacetic acid 
(EDTA), and 1 mmol/L dithiothreitol was used. The 
protease inhibitors phenylmethylsulfonyl and fluoride 
(1 mmol/L), pepstatin (10 pg/ml), leupeptin (10 
pg/ml), and antipain (10 pg/ml) were added to the 
homogenization buffer to prevent degradation. Tissues 
were homogenized in the above buffer at pH 7.6 with 

‘a Teflon-glass homogenizer. Samples. were then cen- 
trifuged at 100 g for 10 minutes at 4° C to remove 
cellular debris. 

Preparation of microsomal fractions. Homogenates 
were centrifuged at 20,000 g for 20 minutes at 4° C. 

. The supernatant fraction was centrifuged at 100,000 g 
for 1 hour at 4° C. The microsomal fractions were 
stored in liquid nitrogen until assayed for aromatase 
activity. 

Sodium dodecyl sulfate and polyacrylamide gel 
electrophoresis and immunoblotting of aromatase cy- 
tochrome P-450. One-dimensional electrophoresis was 
conducted with a 3% polyacrylamide stacking gel and 
a 10% polyacrylamide running gel. Samples were ap- 
plied to the gel in buffer containing 0.2% sodium do- 


decyl sulfate, 50 mmol/L Tris-HCl, 10% glycerol, - 


2 mmol/L EDTA, 2 mmol/L §-mercaptoethanol, and 
0.05% bromophenol blue. Electrophoresis was carried 
out at 15 mA at 4° C for 16 hours in an electrode 
buffer containing Tris base (50 mmol/L), glycine (383 
mmol/L), sodium dodecyl sulfate (0.1%), and EDTA (2 
mmol/L). Proteins were transferred from gels onto ni- 
trocellulose paper in a Trans-Blot cell apparatus (Bio- 
„Rad Laboratories, Richmond, Calif). A second electro- 
phoresis was carried out at 170 mA for 16 hours at 


. 4° C with an electrode buffer of Tris base (20 


mmol/L), glycine (50 mmol/L), and methanol (20%). 
After transfer, the nitrocellulose was preincubated in 
phosphate-buffered saline solution—Tween (0.5%) for 
30 minutes at room temperature. Incubation with the 
primary antibody (polyclonal anti-aromatase cyto- 
chrome P-450) was carried out for 1 hour. Fresh 
phosphate-buffered saline solution—Tween containing 
the second antibody ['*I]goat antirabbit immunoglob- 
ulin G (New England Nuclear, Boston; 500 pCi) was 
added for 2 hours. In other experiments ['*I]protein 
A (New England Nuclear, 1 x 10° cpm/ml} was used 
(data not shown). The nitrocellulose was washed three 
times with water and four times with phosphate- 
buffered saline solution—Tween. After an additional 
rinse with water, the nitrocellulose was blotted dry, 
wrapped in plastic, and exposed to Kodak Omat-X film 
for 48 hours with the use of enhancing screens. Poly- 
clonal rabbit anti~aromatase cytochrome P-450 was 
generously provided by Drs. Carol Mendelson and 
Evan Simpson, Departments of Biochemistry and Ob- 


` stetrics and Gynecology, University of Texas South- 


western Medical School, Dallas. 

Assay of aromatase activity. 16[°H]Androstene- 
dione (28 Ci/mmol) was purchased from New England 
Nuclear. Aliquots of microsomal fractions were assayed 
for protein content by the method of Lowry et al.'® 
Microsomal fractions (50 to 100 wg protein per sample) 
were incubated in buffer containing 50 mmol/L mono- 
fasic potassium phosphate and 3 mmol/L magnesium 
chloride at a pH of 7.4., A §-nicotinamide adenine 
dinucleotide phosphate, reduced form, generating sys- 
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Fig. 2. Sodium dodecyl sulfate and immunoblotting of aro- 
matase cytochrome P-450 of various fetal tissues. Lane A, Pla- 
centa; B, liver; C, brain; D, intestine; E, lung; F, kidney; G, 
muscle; H, skin; 200 pg of protein was subjected to electro- 
“phoresis in polyacrylamide gels containing 0.1% sodium do- 
decyl sulfate. The proteins were transferred electrophoreti- 
cally to nitrocellulose paper and incubated with polyclonal 
antiaromatase antibody and then incubated with ['*I]goat an- 
tirabbit immunoglobulin (10° cpm/ml) as discussed in Material 
and methods. Molecular weight standards were in kilodaltons 
as shown. 


tem of 1 mmol/L B-nicotinamide adenine dinucleotide 
phosphate, reduced form, 10 mmol/L glucose-6- 
phosphate, and 1.2 U/ml glucose-6-phosphate de- 
hydrogenase was used. 18[°H]Androstenedione was 
added to a final.concentration of 150 nmol/L (final 
volume 200 pwl). Aromatase activity was assayed 
by determining the incorporation of tritium from 
1BH]androstenedione into [*H]water as previously 
described.’ * 

Materials. All reagents, unless otherwise specified, 
were purchased from Sigma Chemical Co., St. Louis. 

Statistical analysis. One-way analysis of variance and 
Student~Newman-Keuls test were used. 


Results 


The specific activity of aromatase was determined 
in individual microsome preparations of the various 
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tissues obtained from each fetus (Fig. 1). The rate 
of aromatase activity is expressed as picomoles of 
1p(H]androstenedione metabolized to estrogen per 
milligram of protein per hour. The level of aromatase 


_activity did not appear to vary significantly with ges- 


tational age in any of the tissues studied (data 
not shown). Placental microsome fractions exhibited 
the greatest level of aromatase activity (368 + 62.4 
pmol/mg/hr, mean + SE, n = 9). The liver also dem- 
onstrated a significant ability to aromatize androstene- 
dione (19 + 4.8 pmol/mg/hr, n = 7). 

A lower level of activity of aromatase was found in 
the other fetal tissues. Activity in the brain microsome 
preparations was 2.8 + 1.0 pmol/mg/hr (n = 6). Sim- 
ilar aromatase activity was seen in intestine (2.7 + 1.3 
pmol/mg/hr, n-= 6). Aromatase activity in the adrenal 
and spleen microsomes was 1.5 + 0.7 pmol/mg/hr 
(1 =6) and 1.5 +0.6 pmol/mg/hr (n = 5), re- 
spectively. Muscle aromatase activity was 1.2 + 0.3 
pmol/mg/hr (n = 7). Some activity was also mea- 
sured in the stomach (1.2 + 0.4 pmol/mg/hr, n = 
3). Minimal aromatase activity was observed in 
kidney (0.78 + 0.2 pmol/mg/hr, n = 7), lung (0.75 + 


0.3 pmol/mg/hr, n= 5), and heart (0.19 + 1 
. pmol/mg/hr, n = 4). 


Immunoblot analysis of tissue homogenates dem- 
onstrated a large quantity of immunoreactive aroma- 
tase cytochrome P-450 (55 kd) in the placenta (Fig. 2). 
A smaller (45 kd) band was noted to be consistently 
present in liver homogenates. In addition, a 52 kd im- 
munoreactive protein was found to be present in brain 
tissue. 


Comment 


In this study we demonstrated that the placenta is 
the major site of aromatase activity and contains the 
greatest amount of aromatase cytochrome P-450 of all 
fetal tissues; thus it is confirmed as the primary location 
of conversion of C19 steroid precursors to estrogens. 
Furthermore, it also appears probable that, the fetal 
liver (in view of its size, blood flow, and aromatase ac- 
tivity) also contributes substantially to the total estrogen 
production of the fetal-placental unit. 

All of the other fetal tissues studied had significantly 
lower levels of aromatase activity, and it is unlikely that 
they contribute significantly to overall estrogen pro- 
duction. However, it is possible that estrogens produced 
in these tissues act locally to induce metabolic effects. 
The significance of estrogens produced in these other 
sites is a subject for further investigation. 

From our study only placental tissue demonstrated 
immunoreactive protein for aromatase cytochrome P- 
450 at 55 kd. The. significance of the smaller immu- 
noreactive proteins noted in brain and liver tissue is 
unclear. Posttranslational modification of the enzyme 
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may account for the presence of the smaller immu- 
noreactive protein. Protein inhibitors were used to min- 
imize the possibility that these findings were artifactual 
in origin. The consistency of the finding of an immu- 
noreactive band at 45 kd in the fetal liver (which had 
the highest aromatase activity of any nonplacental tis- 
sue), together with the lack of this finding in the many 
other tissues tested, is evidence that tends to support 
the possibility of posttranslational modification. Con- 
trol immunoblots that used only the second antibody 
did not demonstrate these smaller bands, thus exclud- 
ing the possibility of nonspecific binding of this anti- 
body. The possibility that the 45 kd band results from 
nonspecific binding of the polyclonal antibody cannot 
be excluded altogether. Currently, absolute identifica- 
tion of this band is not possible. Development of other 
antibodies against aromatase in the future may help to 
clarify this issue. 

Previous investigators have reported similar quali- 
tative results for aromatase activity by use of isotope 
incubations with homogenates from fetal tissues ob- 
tained from a relatively small number of fetuses. 
George and Wilson" reported that total estrogen for- 
mation in tissue slices incubated with testosterone and 
androstenedione was greatest in fetal ovaries. However, 
we were unable to obtain enough fetal ovaries to pre- 
pare a microsomal fraction in this study. 

This investigation is believed to be the first to report 
use of the [*H] water assay to measure aromatase activity 
in fetal tissues, as well as to measure the amount of 
immunoreactive aromatase cytochrome P-450. In sum- 
mary, the placenta exhibits significant amounts of aro- 
matase cytochrome P-450 and a high rate of aromatase 
activity. Significant activity is also found in the fetal liver 
when compared with other fetal tissues. 


We thank Sandy Nance for editorial assistance and 
Nora Cline for expert technical assistance. 
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Comparison of in vivo bioavailability of progestational agents 


into the rat uterus and liver and the effect of plasma 
protein binding 


Bradley Van Voorhis, MD, Dennis W. Matt, PhD, Maria L. Tedeschi, and 
Kenneth A. Steingold, MD 


Richmond, Virginia 


The in vivo bioavailabilities of three clinically available progestational agents were evaluated with a 
previously described rat model. With this model a single-injection, double-isotope technique was performed 
to calculate and compare the unidirectional extractions of progesterone, 19-nortestosterone, and 
medroxyprogesterone acetate into the rat uterus and liver. To assess the role of plasma protein binding in 
the extraction of these agents, steroids were presented in four different vehicles: (1) Ringer's solution, 
0.1% bovine serum albumin; (2) Ringer's solution, 4% bovine serum albumin; (3) Ringer's solution, 0.8 
mg/ml, «,-acid glycoprotein; (4) human pregnancy serum. The results revealed that liver extraction always 
exceeded uterine extraction for each progestin, regardless of the vehicle, and that liver extraction was 
approximately 100% for all steroids. With regard to the uterus, when binding proteins were not present in 
the injectate, the extraction of the three steroids was similar; the uterine vasculature was relatively 
permeable to these progestins, and bovine serum albumin and a.,-acid glycoprotein had no major effect on 
the uptake into the uterus. However, when human pregnancy serum was in the injectate, the extractions of 


progesterone and 19-nortestosterone into the rat uterus were significantly diminished. In contrast, ` 
pregnancy serum had no effect on the uptake of medroxyprogesterone acetate into the uterus, with the 
extraction equal to that of Ringer's solution alone. This suggests that, regardless of potential binding 
proteins, medroxyprogesterone acetate displays greater bioavailability than that, of the other progestogens 


studied. (AM J OasteT GYNECOL 1989;161:1698-703.) 


Key words: Progestin bioavailability, plasma protein binding, albumin, o,-acid glycoprotein, 


progesterone 


The uterine and hepatic bioavailability of various 
progestational agents is an important variable in the 
determination of the optimal progestogen. Whereas the 
uterus is an important target organ for progestational 
activity, the liver assumes a key role as a site of metab- 
olism of progestins and a possible site of adverse re- 
actions that result from the first-pass effect of oral ad- 
ministration of certain progestins.' 

Previous in vitro studies have shown that medroxy- 

` progesterone acetate is poorly bound to known steroid 

binding proteins and may be more bioavailable than 
other progestins.” Therefore this study was designed 
to evaluate and compare the in vivo bioavailability of 
three progestins into the rat uterus and liver, and to 
assess whether plasma or plasma proteins affect the 
bioavailability of these hormones. 

The progestins studied were progesterone, medroxy- 
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progesterone acetate, and 19-nortestosterone, chosen 
as a test steroid to represent the potential derivatives 
of 19-nortestosterone currently available. The hepatic 
and uterine bioavailabilities were assessed with a pre- 
viously described in vivo rat model.’ With this model, 
the influxes of the progestins from the microcirculation 
into the rat uterus and liver were evaluated. In addition, 
the effects of two plasma proteins, albumin and o,-acid 
glycoprotein (AAG), and of the potential steroid bind- 
ing proteins found in human pregnancy serum on the 
influx of these steroids were examined. 

Previous studies have similarly used this model to 
evaluate available estrogens used for replacement ther- 
apy.‘ Differential effects in the uterine and hepatic vas- 
culature relating to differences in membrane perme- 
ability and plasma protein binding of these individual 
agents were described. This study expands these data 
to include progestational agents. 


Material and methods 


Radiolabeled progesterone, medroxyprogesterone 
acetate, and butanol were obtained from New England 
Nuclear Corp. (Boston, Mass.); the 19-nortestosterone 
isotope was obtained from Amersham Laboratories 
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Fig. 1. Mean percent extraction (+SEM) of progesterone (Po), 19-nortestosterone (NOR-7),.and 
medroxyprogesterone acetate (MPA) with Ringer’s solution (0.1% BSA) as injection vehicle; liver 
(upper panel) and uterine (lower panel) extractions are shown. 


(Buckinghamshire, England). The specific activities 
were as follows: [1, 2, 6, 7 - “H (N)]progesterone, 106.8 
Ci/mmol; 6a - [1, 2, - “H(N)]medroxyprogesterone ac- 
etate, 50.0 Ci/mmol; 19-[6, 7 (N) - *H]nortestosterone, 
19 Ci/mmol; n - [1 - “Cjbutanol, 0.9 mCi/mmol. The 
radiolabeled steroids were separated from the solvent 
by evaporation, and buffered Ringer’s solution that 
contained 0.1% bovine serum albumin (BSA) was 
added to the steroids. The BSA arid AAG were pur- 
chased from Sigma Chemical Co. (St. Louis, Mo.). Hu- 
man serum obtained from volunteers during the third 
trimester of pregnancy was pooled and frozen at 
—20° C. The unidirectional extractions of test sub- 
stances by the uterus and liver were measured by a 
previously described .single bolus injection, double- 
isotope technique.> ® Female Long-Evans rats, 100 days 
. old,.were ovariectomized 7 to 14 days before the in- 
jection studies. After ketamine (235 mg/kg) was ad- 
ministered intramuscularly to induce anesthesia, the 
right common iliac artery and left femoral artery 
were surgically exposed and clamped for studies that 
involved the uterus. The test solution was administered 
by a 250 pl. rapid bolus injection into the lower 
abdominal aorta. The left uterine horn was resected 
15 seconds after the injection. The portal vein was 


‘cafinulated and a similar bolus injection was used 


immediately after ligation of the hepatic artery for 
studies that involved the liver. The right major lobe of 
the liver was removed 18 seconds after the injection. 
These time intervals were determined in previous 
studies to be sufficiently long to allow the injectate to 
exit the vasculature in question but sufficiently short 
to prevent reentry of the test substances into the cir- 
culation after they have passed out of the intravascular 
space.*® 

The injectate contained either tritiated progesterone, 
19-nortestosterone or medroxyprogesterone acetate. 
Butanol labeled with carbon 14-was present in each 
injectate as the freely diffusable reference, with the 
ratio of the tritiated steroid to ("C]butanol between 10 
and 30. The different injection vehicles evaluated were 
(1) Ringer’s solution with 0.1% BSA; (2) Ringer’s so- 
lution with 4% BSA; (3) Ringer’s solution with AAG at 
the human physiologic concentration of 0.8 mg/ml, 
and (4) third-trimester human pregnancy serum. When 
serum was used as the injection vehicle, the concentra- 
tion of labeled test substances was deliberately set to be 
less than the.concentration of previously determined 
unbound serum globulin binding sites. The concentra- 
tion of test steroids in serum was 6 nmol/L, and in the 
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Fig. 2. Mean percent extraction (+SEM) of progesterone (Po), 19-nortestosterone (NOR-T), and 
medroxyprogesterone acetate (MPA) with 4% BSA in Ringer's solution compared with AAG (0.8 
mg/ml) in Ringer’s solution as injection vehicles; liver (upper panel) and uterine (lower panel) extraction 


are shown. *p < 0.005. 


Ringer’s solution it was 24 nmol/L. In both organs stud- 
ied, three to six injections were performed with each 
of the progestogens in each of the injection vehicles. 

The resected tissues were then solubilized in 2.0 
ml Soluené-350 (Packard Instrument Co., Dow- 
ners Grove, Ill.). The tissue and the injection solution 
samples were counted by double- -isotope liquid scin- 
tillation measurements for disintegrations per minute 
(DPM). with quench correction. The liver or uterine 
uptake was computed as follows: 


CH7*C) DPM in tissue 
C@H/"C) DPM in injectate 





Uptake = 


The results are depicted as the unidirectional extrac- 
tion for each progestin. The organ uptake can be con- 
verted to extraction if the extraction of butanol is 
known. It is assumed that there is 100% extr action of 
‘ butanol into the uterus and liver, but butanol, effluxes 
these organs at a rate on the basis of blood flow. It has 
previously been shown that the extraction of butanol 
in the uterus at 15 seconds is 77%, and. in the liver at 
18 seconds is 84%.° Therefore all uptake determina- 
tions were converted to unidirectional extraction as fol- 
lows: utérine extraction = uterine uptake x 0.77; liver 
extraction = liver uptake x 0.84. 
All results are reported as mean + SEM extraction 
of test steroid. Statistical analysis was performed with 
the Student é test. 


Results 


The tissue unidirectional extractions of the tritiated 
progestogens by the uterus and liver with Ringer's so- 


lution (0.1% BSA) as the injection vehicle are shown in 
Fig. 1. There was 100% extraction of progesterone, 19- 
nortestosterone, and medroxyprogesterone acetate by 
the liver. For the uterus, somewhat lower values were 
noted for each of the steroids studied, with extrac- 
tions of 74 + 8% for progesterone, 69 + 7% for 19- 
nortestosterone, and 86 + 2% for medroxyprogester- 
one acetate. Because essentially no binding proteins 


-were present in the injectate, the data show that all test 


substances are freely diffusible into the liver, and are 
relatively freely diffusible into the uterus. 

The effect of the potential serum binding proteins 
(albumin and AAG) on progestogen extraction can be 
seen in Fig. 2. With regard to the liver, there was no 
inhibition of extraction of any of the test steroids by 
these two binding proteins, with levels ranging from 
94% to 121%. In che uterus there was no difference in 
the percent of progesterone extraction when 4% BSA 
was compared to AAG. However, the values noted here 
are slightly, but not significantly, decreased as com- ` 
pared to the 74% extraction in Ringer’s solution illus- 
trated in Fig. 1. When 4% BSA was used as the injection 
vehicle for 19-nortestosterone, the percent extraction 
was significantly -ower than the extraction with AAG 
(p < 0.005), but not different from Ringer’s solution. 
However, for medroxyprogesterone acetate there was 
no inhibition of extraction with either BSA or AAG. Iri 
general, all three progestins did display relatively high 
extraction rates into the uterus despite the presence of 
these binding proteins, inasmuch as the extraction of 
all three steroids was =60%. 

Fig. 3 shows the extraction of the progestins when 


Volume 161 
Number 6, Part 1 


human pregnancy serum was the injection vehicle. 
Again, with regard to the liver, all three progestins were 
freely diffusible despite the presence of potential bind- 
ing proteins in pregnancy serum. In the uterus, the 
extractions of progesterone and 19-nortestosterone 
were significantly diminished, as compared with their 
extraction in Ringer’s solution (p < 0.02), with the per- 
cent extraction of progesterone, 34 + 8%, and 19- 
nortestosterone, 26 + 4%. In contrast, medroxypro- 
gesterone acetate displayed marked bioavailability into 
the rat uterus with a percent extraction of 84 + 8%, 
despite pregnancy serum in the injectate. Therefore in 
the presence of binding proteins and serum globulins 
that are normally found in human serum, the apparent 
bioavailability of progesterone and 19-nortestosterone 
into the uterus was significantly diminished, as com- 
pared with that of medroxyprogesterone acetate (p < 
0.005). 


Comment 


Progestins are commonly used in clinical practice to 
prevent the effects of unopposed estrogen on the en- 
dometrium. A variety of progestins are available to the 
clinician including natural progesterone and proges- 
terone derivatives. Oral administration of progesterone 
in a micronized form is available and has displayed 
adequate oral absorption with decreased metabolism.’ 
The 19-nortestosterone derivatives, such as norethin- 
drone acetate, norgestrel, and norethynodrel are some 
of the active progestational: agents found in oral 
contraceptives. These compounds may also be ad- 
ministered as single agents, both in the progestin-only 
contraceptives and for estrogen opposition in the 
anovulatory or postmenopausal female. Medroxypro- 
gesterone acetate is also widely used for these purposes 
as single-agent therapy. For these reasons, progester- 
one, 19-nortestosterone, and medroxyprogesterone ac- 
etate were evaluated in this study. 

In choosing among these progestational agents, clin- 
ical parameters including efficacy and safety need to 
be considered. One of the key concerns with regard to 
safety is the potential effect of the various progestins 
on hepatic metabolism. For example, the effects of pro- 
gestins on hepatic lipoprotein production are major 
factors in the comparison of various agents.*'° There- 
fore in this study the uterus and liver were chosen as 
specific organs to evaluate extraction of these three 
steroids. 

To determine whether these clinically observed dif- 
ferences in hepatic effects could be a result of differing 
bioavailability of the progestins to the liver, we first 
looked at hepatic uptake of the progestins. No differ- 
ence was observed, as all progestins displayed 100% 
extraction into the liver despite the presence of preg- 
nancy serum. One interesting observation was that he- 
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patic uptake always exceeded uterine uptake, regard- 
less of the progestin or injection vehicle studied. This 
finding may result from differences in anatomical ar- 
chitecture and in capillary transit time. The capillary 
transit time of an organ is the time required for a sub- 
stance to pass from the afferent to the efferent vessels 
through the capillaries. The capillary transit time in the 
liver is between 5 and 10 seconds, whereas the transit 
time for the uterus is not known but is believed to be 
between | and 3 seconds.'' Thus circulating hormones 
have a longer time to pass from the circulation into the 
liver than into the uterus. In addition, the liver vas- 
culature has wide sinusoidal pores that allow equilibra- 
tion of plasma proteins and steroids between intravas- 
cular and interstitial spaces.’* This allows for a larger 
surface area for steroid influx in the liver, as compared 
with the uterus. In a previous study of clinically avail- 
able estrogens,’ similar findings were shown for the 
liver with enhanced bioavailability of these estrogenic 
compounds, as compared with uterus and brain. 

The second portion of this study evaluated the uni- 
directional extraction of these progestogens by the rat 
uterus. Availability to the uterus is an important pre- 
requisite for the protective progestin action on the en- 
dometrium. The effects of membrane permeability and 
plasma protein binding can be separated in this model 
by altering injection vehicles. It was observed that in 
the absence of binding proteins (Ringer’s solution), all 
three progestins were relatively permeable to the rat 
uterus. Furthermore, the presence of physiologic con- 
centrations of the binding proteins, albumin and AAG, 
had little effect on uptake of any of the progestins into 
the uterus. Corresponding values for extraction into 
the uterus were always less than those found for the 
liver. 

Human pregnancy serum was also studied as an in- 
jection vehicle. This particular physiologic state was 
chosen for its known high concentrations of the binding 
globulins—sex: hormone binding globulin and trans- 
cortin.'* 4 In pregnancy serum, the extractions of pro- 
gesterone and 19-nortestosterone into the uterus were 
significantly diminished, as compared with Ringer’s so- 
lution alone, albumin, and AAG. Therefore proteins 
in pregnancy serum exhibited binding to both proges- 
terone and 19-nortestosterone effectively to prevent 
the in vivo uptake into the rat uterus. In marked con- 
trast, medroxyprogesterone acetate remained freely 
permeable into the rat uterus, despite the presence of 
human pregnancy serum in the injectate. Regardless 
of potential binding proteins that are found in signif- 
icant concentrations in pregnancy serum, medroxy- 
progesterone acetate exited the uterine vasculature at 
a level similar to that found when Ringer’s solution 
alone (0.1% BSA) was used as the injectate. The ex- 
traction of medroxyprogesterone acetate was signifi- 
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Fig. 3. Mean percent extraction (+SEM) of progesterone (Po), 19-nortestosterone (NOR-T), and 
medroxyprogesteroné acetate (MPA) with human pregnancy serum as injection vehicle; liver (upper 


panel) and uterine (lower panel) extractions are shown. *p < 0.005. 


cantly greater than that found for progesterone. or 19- 
nortestosterone in the presence of pregnancy serum. 


-In vitro studies support our in vivo data with regard. 


to the lack of effect of serum globulins on the bio- 
availability. of medroxyprogesterone acetate, Results 
from competitive binding analysis and polyacrylamide 
gel electrophoresis suggest that medroxyprogesterone 
acetate does not demonstrate significant binding to sex 
hormone binding globulin or corticosteroid binding 
globulin.? In contrast, progesterone is known to bind 
With. corticosteroid’ binding globulin, whereas 19- 
nortestosterone and.its’ derivatives bind with varying 
affinity to sex hormone binding: globulin.’*"* There are 
also differences in circulating plasma levels of proges- 
tins achieved after clinical administration with de- 
creased levels of medroxyprogesterone acetate, as com- 
pared with 19-iior testosterone derivatives," This is 
believed to be a result of differences in compartmen- 
talization of thé drugs; in addition to decreased affinity 
for plasma proteins, medroxyprogesterone. acetate ex- 
hibits extravascular storage. These differing properties 
may lead to the greater uterine in vivo bioavailability 
of medroxy progesterone acetate seen in our study. 
“However, in vitro studies also suggest binding of pro- 
gesterone and 19-nortestosterone to albumin; proges- 


terone also has affinity for AAG. 719 In this study al- - 


bumin and AAG did not inhibit uptake of these com- 
pounds into the uterus, although the BSA values for 
19-nortestosterone were lower than those for AAG. 
These compounds were still relatively free for transport 
into this target organ, despite these proteins, which is 
compatible with: previous in vivo. studies." 

In summary; using an in vivo model, hepatic and 
uterine extraction of these three progestins with and 
without potential binding proteins were evaluated. Be- 
cause of characteristics of the hepatic vasculature, these 
agents were essentially 100% available to the liver de- 
spite the presence of potential. binding proteins, This 
effect is believed to be an inherent property, ¢ of the 
architecture of hepatic vasculature. In contrast, uterine 


’ extraction was always lower than that found for hepatic 
tissue at each corresponding point. Progesterone and 


19-iiortestosterone behaved: relatively similarly and up- 
takë from the uterine vasculature was diminished j in 
the presence of binding proteins found in human preg- 
nancy serum. Medroxyprogesterone acetate- displayed 


a marked difference in that extraction from the vas- 


culaturè of the uterus was greater at all corresponding 


points, andthe presence of potential binding in preg- 
‘nancy serum resulted in no diminution of uterine bio! 
‘availability. This study emphasizes the effect of binding 


globulins of progestogen bioavailability, an effect that 
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varied among the progestational agents tested and may 
influence hormone actions. 


10. 


11. 
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Androgen sulfate and glucuronide conjugates in nonhirsute and 
hirsute women with polycystic ovarian syndrome 


Robert K. Matteri, MD, Frank Z. Stanczyk, PhD, Elisabet E. Gentzschein, BA, 


Clara Delgado, BA, and Rogerio A. Lobo, MD 


Los Angeles, California 


Peripheral androgen action largely determines the occurrence of hirsutism in women. Although serum 
5a-androstane-3a,17B-diol (3a-diol) glucuronide signifies skin 5a-reductase activity and has been used as 
a marker of hirsutism and peripheral androgen metabolism, other C,, androgen conjugates have recently 
been measured and may also be useful markers of hirsutism in women. In addition to normal controls we 
studied both hirsute and nonhirsute patients with polycystic ovarian syndrome who had similar levels of 
circulating androgen precursors. In these three groups we measured various C, sulfates and glucuronides 
including serum 3a-diol glucuronide. Serum androgen precursors were elevated, but were equal in the 
hirsute and nonhirsute patients. Serum androsterone sulfate and glucuronide, and 3a-diol sulfate and 
glucuronide clearly differentiated the hirsute from the nonhirsute group. Among the conjugates, 
androsterone glucuronide was most reflective of the difference between the two groups (100.3 + 28.0 
versus 42.9 + 4.0 ng/ml, p < 0.05). In hirsute compared with nonhirsute patients with polycystic ovarian 
syndrome, serum 3a-diol glucuronide was increased by the smallest amount (32%), followed by 
androsterone sulfate (38%), 3a-diol sulfate (59%), and androsterone glucuronide with the largest increase 
(134%). Serum androsterone glucuronide and 3a-diol glucuronide both correlated with androstenedione 
and dehydroepiandrosterone sulfate in hirsute women but not in nonhirsute women. These data suggest 
that besides serum 3a-diol glucuronide, other Cy) sulfate and glucuronide conjugates may reflect 
peripheral androgen action. (Am J OBSTET GYNECOL 1989;161:1704-9.) 


Key words: Hirsutism, polycystic ovarian syndrome, 5a-reductase, androsterone sulfate, 
androsterone glucuronide, 5a-androstane-3a,17B-diol sulfate, 5a-androstane-3a,17B-diol 


glucuronide 


Circulating androgens, which reflect ovarian and ad- 
renal production, such as total or free testosterone and 
dehydroepiandrosterone (DHEA) sulfate may not al- 
ways explain hirsutism in women.' Hirsutism is largely 
determined by skin 5a-reductase activity, but serum 
_ dihydrotestosterone unreliably reflects this peripheral 
androgen action.” * A dihydrotestosterone metabolite, 
5a-androstane-3a,178-diol glucuronide (3a-diol gluc- 
uronide), has been shown to be a good indicator of 
peripheral androgen action and reflects 5a-reductase 
activity.*® In our preliminary work we found that other 
Cis conjugates such as androsterone sulfate and gluc- 
uronide as well as 3a-diol sulfate are not only different 
in men and women but also reflect hirsutism in 
women." Also androsterone glucuronide was the most 
elevated conjugate in hirsute women, which implies an 
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important role for the androsterone pathway in an- 
drogen metabolism of hirsute women. Increased pro- 
duction of androsterone was also seen in our previous 
studies on androgen metabolism in the skin of hirsute 
patients.’° 

Many women with polycystic ovarian syndrome who 
have elevated levels of serum androgens are not hir- 
sute,'' Further evidence that serum 3a-diol glucuronide 
reflects 5a-reductase activity was suggested in our studs 
ies of nonhirsute wormen with polycystic ovarian syn- 
drome who, despite elevated levels of circulating an- 
drogens, have normal levels of serum 3a-diol glucuro- 
nide.2 Whether other androgen conjugates reflect 
5a-reductase activity directly or through changes in 
ovarian and adrenal precursors is unknown. Therefore 
the purpose of our study was to investigate the useful- 


‘ness of androgen sulfates and glucuronides in patients 


with polycystic ovarian syndrome who were hirsute or 
nonhirsute. Besides the determination of how these 
conjugates reflect 5a-reductase activity, we specifically 
compared their measurements with a well-character- 
ized androgen marker, serum 3a-diol glucuronide. 


Material and methods 


Subjects. We studied 20 patients referred to our 
medical center because of oligomenorrhea, anovula- 
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Table I. The mean (+ SE) age, weight, height, and Ferriman-Gallwey score in normal women, nonhirsute 








women with polycystic ovary syndrome, and hirsute women 











Age (yr) 


Normal women (n = 8) 31.3 + 2.3 

Nonhirsute women with polycystic 27.8 + 1.3 
ovarian syndrome (x = 10) 

Hirsute women (n = 10) 29.5 + 2.5 










Ferriman-Gallwey 


Weight (kg) Height (cm) 


67.2 + 5.8 162.6 + 1.3 5.2 + 1.4 
71.9 + 2.7 158.2 + 1.3 7.2 + 16 
70.1 + 5.1 163.9 + 6.4 18.3 + 3.2* 





*For Ferriman-Gallwey score, the difference between hirsute versus normal or nonhirsute women was significant at p < 0.001. 


tion, or hirsutism. All patients met the criteria for 
polycystic ovarian syndrome including inappropriate 
gonadotropin secretion (luteinizing hormone/ follicle- 
stimulating hormone ratio >2: 1), perimenarchial onset 
of oligomenorrhea, and evidence of androgen excess, 
either having elevated serum testosterone or DHEA 
sulfate levels, or hirsutism.'? The patients were divided 
into two groups of 10 patients solely on the basis of the 
presence or absence of hirsutism as reflected by an 
elevated Ferriman-Gallwey score.'* Besides the gyne- 
cologic endocrine abnormalities, patients had no other 
endocrine or systemic medical diseases (normal thyroid 
function studies, normal glucose screening, normal 
prolactin, and no evidence of congenital adrenal hy- 
perplasia). Patients were compared with a control 
group of eight normally ovulating women in the early 
follicular phase, who were matched for age, weight, and 
height. Venous blood (10 ml) was drawn between 8 and 
10 Am in each subject. 

Reagents. 9,11-*H-androsterone (specific activity, 
53.3 Ci/mmol), 1a,2c-3H-testosterone (specific activity, 
55.2 Ci/mmol), and 7°H-DHEA sulfate (specific activ- 
ity, 16.8 Ci/mmol) were obtained from NEN Re- 
search Corp. (Boston, Mass.). la,2a-"H-5a-androstane- 
3a,17B-diol (specific activity, 52.8 Ci/mmol) was ob- 
tained from Amersham (Clearbrook, Ill.). *H-3a-diol 
glucuronide was a gift from Nichols Institute (San Juan 
Capistrano, Calif.). All *H-labeled steroids were puri- 
fied by Celite column chromatography before use. 

Assays. DHEA sulfate and androstenedione were 
measured directly by radioimmunoassay with an iodine 
125—DHEA sulfate kit (Diagnostic Products Corpora- 
tion, Los Angeles, Calif.) and an '*]-androstenedione 
kit (ICN Biomedicals Inc., Carson, Calif.), respectively. 
Serum testosterone, androsterone, and 3a-diol were 
measured by radioimmunoassay after extraction and 
separation by Celite column chromatography." The 
non-sex hormone-binding globulin-bound testosterone 
was measured by ammonium sulfate precipitation 
of sex hormone-binding globulin as previously de- 
scribed.” The glucuronide and sulfate conjugates of 
3a-diol and androsterone were measured either after 
B-glucuronidase hydrolysis of the glucuronides or sol- 
volysis of the sulfates. Briefly, after removal of uncon- 
jugated steroids from serum by extraction with diethyl 


Table II. Correlations between serum 
androsterone glucuronide and androstanediol 
glucuronide (3e-diol glucuronide) and 


androgen precursors* with linear 
regression analysis 


r Value | p Value 


Hirsute women 





Androsterone glucuronide ver- 0.880 <0.004 
sus DHEA sulfate 

3a-diol glucuronide versus 0.672 <0.10 
DHEA sulfate 

Androsterone glucuronide ver- 0.597 <0.12 
sus androstenedione 

3a-diol glucuronide versus an- 0.846 <0.02 
drostenedione 

Androsterone glucuronide ver- 0.142 <0.74 
sus testosterone 

3a-diol glucuronide versus tes- 0.030 <0.94 
tosterone 

Nonhirsute women 

Androsterone glucuronide ver- 0.786 <0.06 
sus DHEA sulfate 

3a-diol glucuronide versus 0.709 <0.11 
DHEA sulfate 

Androsterone glucuronide ver- 0.231 <0.77 
sus androstenedione 

3a-diol glucuronide versus an- 0.870 <0.13 
drostenedione 

Androsterone glucuronide ver- 0.822 <0.04 
sus testosterone 

3a-diol glucuronide versus tes- 0.763 <0.08 
tosterone 





*Androstenedione and testosterone. 


ether, the glucuronide conjugates were hydrolyzed at 
37° C by addition of 8-glucuronidase (type VIII, Sigma 
Chemical Co., St. Louis, Mo.) to the serum, which was 
first adjusted to pH 6.8. After 16 hours of hydrolysis, 
unconjugated hormones were extracted with diethyl 
ether, and 3a-diol and androsterone were separated 
by Celite column chromatography, and the specific 
fractions were measured by radioimmunoassay. The 
method for hydrolysis of sulfates also involved pre- 
vious extraction of unconjugated steroids with di- 
ethyl ether, and preceded addition of sodium chlo- 
ride to the serum and extraction with ethyl acetate. 
Acid solvolysis was performed at 37° C for 2 hours 
after adjustment of the pH of the ethyl acetate to 
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Fig. 1, Mean (+ SE) of serum testosterone, androstenedione, 
and DHEA sulfate in normal women (N, n = 8), nonhirsute 
women with polycystic ovarian syndrome (NH, n = 10), and 
hirsute women (H, n = 10). *Significance of difference of NH 
and H compared with normal women was p < 0.01. 


l with a modification of the solvolysis procedure 
of Aso.'® After neutralizing the serum with sodium 
carbonate, the unconjugated steroids were extracted 
with diethyl ether, separated by Celite column chro- 
matography, and measured by radioimmunoassay. 
*H-androsterone and °H-3a-diol were added to the 
serum.immediately after hydrolysis of the sulfates and 
glucuronides to allow for monitoring of procedural 
losses. It was estimated that the percentages of hydro- 
lysis of the sulfates and glucuronides were 67 and 100, 
respectively. 

Analysis of data. The sulfate conjugate values were 
corrected to reflect 100% solvolysis. All statistics were 
performed with the Statgraphics statistical package 
(Statistical Graphics Corporation, Rockville, Md.). The 
Mann-Whitney U test was used to compare values be- 
tween different sample groups. Linear regression anal- 
ysis was used to obtain correlations between groups. 


Results 

The heights, weights, and ages of normal women who 
served as controls, nonhirsute women with polycystic 
ovarian syndrome, and hirsute women are shown in 
Table I. There was no significant difference between 
groups for any category except in the Ferriman- 
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Gallwey score {p < 9.001). The Ferriman-Gallwey score 
in hirsute women (18.3 + 3.2) was significantly greater 
than that of both normal and nonhirsute women, 
(5.2 + 1.4 and 7.2 + 1.6, respectively; p < 0.001). 
There was no significant difference between the normal 
and nonhirsute groups. 

When the common serum markers of ovarian and 
adrenal androgens were compared between patients 
and controls, total testosterone, non-sex hormone- 


‘binding globulin-bound testosterone, and androstene- 


dione were significantly greater (p < 0.001) compared 
with controls in beth nonhirsute and hirsute patients 
(Fig. 1). Serum DHEA sulfate was higher in nonhirsute 
and hirsute patients, as compared with the control 
group, but this difference was not significant. None of 
these serum androgens were significantly different 
between nonhirsute and hirsute patients. Also, there 
were no significant differences among the three groups 
with respect to serum 3a-diol or androsterone levels 
(Fig. 2). 

Levels of the sulfate conjugates in all groups were 
higher than the corresponding glucuronide levels. The 
sulfates were 9.3 times higher in the case of 3a-diol, 
and 22.1 times higher for androsterone. In the normal 
and nonhirsute groups, the conjugates of 3a-diol and 
androsterone were similar. However, hirsute women 
had values significantly greater than those of nonhir- 
sute women, not only for serum 3a-diol glucuronide 
(5.5 + 0.8 versus 4.2 + 0.5 ng/ml), but also for 3a-diol 
sulfate (53.5 + 9.6 versus 31.7 + 6.3 ng/ml), and se- 
rum androsterone glucuronide (100.3 + 28.0 versus 
42.9 + 4.1 ng/ml) (p < 0.05, Fig. 2). When the con- 
jugate levels were compared between nonhirsute and 
hirsute women, serum 3a-diol glucuronide was in- 
creased by the smallest amount (32%), followed by an- 
drosterone sulfate (38%), 3a-diol sulfate (69%), and 
androsterone glucuronide, which exhibited the largest 
increase (134%). 

The hirsute and nonhirsute groups showed different 
types of correlations between the conjugates and pre- 
cursor steroids (Table II). In hirsute, but not in non- 
hirsute women, serum androsterone glucuronide cor- 
related with DHEA ‘sulfate (r = 0.880, p < 0.004) and 
3a-diol glucuronide with androstenedione (r = 0.846, 
p < 0.02). For androsterone glucuronide and 3a-diol 
glucuronide there was no correlation with testosterone 
in hirsute women, but there was a correlation between 
androsterone glucuronide and testosterone in nonhir- 
sute women. In addition, serum 3a-diol sulfate corre- 
lated with androsterone sulfate (r = 0.923, p < 0.03), 
but 3a-diol glucuronide did not correlate with andros- 
terone glucuronide (r = 0.708, p < 0.12). 

Because androstenedione has been shown to be the 
most important precursor of peripherally derived an- 
drogens, we compared. ratios of the Ca conjugates to 
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Fig. 2. Mean (+ SE) of serum unconjugated 3a-diol and androserone as well: as their glucuronide 
and sulfate conjugates in normal woinen (N), nonhirsute women with polycystic ovarian syndrome 
(NH), and hirsute women (H). *Significance of difference of H women compared with either N or 


NH women was p < 0.05. 


Table m. The mean (+SE) of the 1 ratios of serum androgen conjugates to androstenedione i in nonhirsute 
women with polycystic ovarian Syndr ome and hirsute women j 











Androsterone 
glucuronide! 
androstenedione 


Nonhirstite women with polycys- 13.1 + 1.2 
_ tic ovarian syndrome 


Hirsute women 26.2 + 4.7* 





244.3 + 41.9 


438.0 + 163,3 











3 PE : 


Androsterone 3a-diol 
sulfate! glucuronide! sulfate! 
_ androstenedione androstenedione androstenedione 


1.29 + 0.15 9.8 + 2.1 


2.03 + 0.40 - 20.2 +4,1 





*Between nonhirsute and hirsute women, only androsterdne glucuronide/androstenecione is significant at p < 0.02. 


serum androstenedione between nonhirsute arid hir- 
sute women (Table III). Changes in the ratio of an- 
drosteroneé glucuronide/androstenedione most clearly 
reflected differences between nonhirsute and hirsute 
women; androsterone glucuronide/androstenedione 
was 98% higher in hirsute women than in honhirsute 
women. For 3a-diol glucuronide, 30-diol glucuro- 
nide/andiostenedione was only 57% higher in hirsute 
women, 


Comment 

Our finding of elevated C, conjugate levels in hirsute 
patients confirms, at least for androsterone sulfate, pre- 
vious data by others with the use of different meth- 
odology: Elevations in androsterone sulfate levels in 
hirsute women confirms the earlier work of Mauvais- 
Jarvis” for urinary androsterone sulfate and Conrad 


et al.'® for plasma androsterone sulfate. Our data are 
novel in that we have measured in serum several an- 
drogen conjugates simultaneously and compared these 
measurements to one another and to precursor steroid 
levels. ; . ; 

In this study we compared serum 3a-diol-and an- 
drosterone sulfate and glucuronide levels in hirsute 
patients who have equivalent circulating levels of non- 
sex hormone- -binding globulin-bound and total testos- 
terone, DHEA sulfate, and androstenedione. Our firid- 
ing of an increase in these conjugates in only the hirsute 
group suggests that these androgens, like 3a-diol gluc- 
uronide, reflect peripheral androgen action. In contrast 
with differences seen in previous work,’ neither un- 
conjugated serum 3a-diol nor ardrosterone was dif- 
ferent among the three groups. Because dihydrotes- 
tosterone was not found to be elevated in our previous 
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work and is not considered to be reflective of the hirsute 
state, we did not pursue measurements of dihydrotes- 
tcsterone conjugates. 
For all groups, the sulfate conjugates (3a-diol sulfate 
and androsterone sulfate) were approximately tenfold 
to twentyfold higher than the glucuronide conjugates 
(Sa-diol glucuronide and androsterone glucuronide). 
Similarly, androsterone conjugates (androsterone gluc- 
uronide and androsterone sulfate) were approximately 
tenfold higher than their corresponding 3e-diol con- 
jugates. In this study, we confirmed that serum 3a-diol 
glucuronide clearly differentiates between the nonhir- 
sute and hirsute patients. However, the other androgen 
conjugates better differentiated the hirsute and non- 
hirsute groups. Androsterone glucuronide showed the 
largest increase and was found to best reflect the hirsute 
state. 

In our previous in vitro studies in genital skin, v 
showed that androstenedione is the most ae 
substrate for 5a-reductase activity and is an important 
precursor of 3a-diol glucuronide i in women.’ Only in 
hirsute patients did 3a-diol glucuronide correlate with 
androstenedione. When we compared androgen con- 
jugates to possible pr ecursor steroids with serum an- 
drostenedione as a model to further examine possible 
substrate use, we found that the conjugate that in- 
creased the most in hirsute women was androsterone 
glucuronide. The ratios of the conjugates to their prin- 
cipal substrate (androstenedione), presumably reflect- 
ing 5a-reductase activity, clearly demonstrated a dif- 
ference between nonhirsute and hirsute women. In this 
regard, androsterone glucuronide was more reflective 
than 3a-diol glucuronide. 

Our study does not address whether some of these 
conjugates, such as androsterone glucuronide, are pro- 
duced directly by thé skin, as has been shown for 3a- 
diol glucuronide. However, the differences in conju- 
gate levels between two groups of very similar women 
with the exception, af hirsutism implies that these other 
androgen conjugates also reflect peripheral androgen 
action. The sulfate conjugates of androsterone and 3a- 
diol were highly correlated, implying a possible an- 
drosterone sulfate to 3a-diol sulfate conversion. There 
was no correlation between the glucuronide conjugates 
of androsterone and 3a-diol, which supports Rittmas- 
ter’s finding with the use of isomers of 3a-diol gluc- 
uronide, and suggests that there is no significant in- 
terconversion between 3a-diol glucuronide and an- 
drosterone glucuronide.” The fact that androsterorie 
glucuronide is the conjugate most elevated in hirsute 
women, and that the androsterone glucuronide/an- 
drostenedione ratio was most reflective of the hirsute 
state, gives further support to an alteration in the path- 
way of peripheral androgen metabolism in hirsutism. 
The elevation of androsterone conjugates implies per- 
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haps that androsterone glucuronide and androsterone 
sulfate production by means of androstenedione and 
androsterone in hirsute women is at least as important, 
if not more important than the production of 3a-diol 
glucuronide and 3a-diol sulfate by means of andro- 
stenedione and dihydrotestosterone. 

. In conclusion, we have found that several C,, wee 
and glucuronide conjugates refléct peripheral andro- 
gen action in hirsute patients, and that androsterone 
glucuronide may be more valuble than 3a-diol gluc- 
uronide in this regard, particularly when androstene- 
dione is elevated. There appears to be a close corre- 
lation between these androgen conjugates and both se- 
rum androstenedione and DHEA sulfate. Further 
examination of the interconversions between andros- 
terone sulfate and 3a-diol sulfate, as well as efforts to 
determine the source of these androgen sulfate and 
glucuronide conjugates, will allow us to further un- 
derstand the altered androgen metabolism of hirsute 
patients: 
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In vivo administration of allopurinol affects ovulation and 
early embryonic development in rabbits 


Toyohiko Miyazaki, MD, PhD, Tsung-Cheng Kuo, MD, PhD, 
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The potential role of the hypoxanthine—xanthine oxidase system in human chorionic gonadotropin—-induced 
ovulation, nuclear maturation, and preimplantation development was investigated in the rabbit by use of 
the xanthine oxidase inhibitor allopurinol. Allopurinol (50 mg/kg) or vehicle was injected, followed by 
human chorionic gonadotropin (100 1U). Administration of inhibitor or vehicle was repeated 3 hours later. 
Ovaries and ovulated ova were inspected 12 or 24 hours after human chorionic gonadotropin 
administration for follicle rupture, cumulus dispersal, and nuclear maturation. Ova were inseminated in vitro 
and assessed for development to the blastocyst stage, up to 96 hours after insemination. Allopurinol 
significantly reduced ovulatory efficiency, defined as the percent of large follicles that ovulate, and 
decreased the percent of ova with cumulus dispersal. Allopurinol significantly inhibited morula and 
blastocyst formation. These data suggest that the xanthine oxidase system may play a role in ovuraton 
and early ampeyan development. (Am J OBSTET GYNECOL 1989;161: 1709- 14) 
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radicals 


We have recently reported that oxygen free radicals 
play a role in ovulation in the in vitro perfused rabbit 
ovary (Miyazaki T, et al. The role of oxygen free rad- 
icals in ovulation in the in vitro perfused rabbit ovary 
[Abstract 007]. Presented at the Forty-fourth Annual 
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Meeting of the American Fertility Society, Atlanta, Ga., 
October 10-13, 1988). The (hypo)xanthine-xanthine 
oxidase system is one of the physiologic mechanisms of 
free radical generation. This system generates super- 
oxide anion radicals during the oxidation of hypoxan- 
thine and xanthine to uric acid. Although the source of 
oxygen free radicals involved in the process of ovula- 
tion is not known, hypoxanthine has been found in the 
follicular fluid ‘of several species and is reported to in- 
hibit oocyte nuclear maturation.” Xanthine oxidase has 
been found in endothelial cells of many organs,** and 
the metabolism of hypoxanthine by cumulus-oocyte 
complexes" suggests the presence of this superoxide- 
generating enzyme system within the follicle. 
Allopurinol inhibits the enzyme xanthine oxidase, 
which results in maintenance of the substrates hypo- 
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xanthine and xanthine and in inhibition of superoxide 
anion radical generation.** 

The objective of this study was to determine, through 
the use of allopurinol, whether the hypoxanthine- 
xanthine oxidase system plays a role in ovulation and 
oocyte maturation in the rabbit. In order to address 
this question, we assessed the effects of administering 
allopurinol, together with an ovulation-inducing dose 
of human chorionic gonadotropin (hCG), on follicle 
rupture, nuclear ‘maturation, cumulus dispersal, and 
early embryonic development. 
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Material and methods 


Sexually mature New Zealand White female (n = 32) 
and male (n = 6) rabbits were used in all experiments. 
Female rabbits weighing 3.5 to 4.5 kg were isolated for 
a minimum of 3 weeks before the experimental pro- 
cedure. Epididymal spermatozoa were collected from 
male’ rabbits of proved fertility. Animals were caged 
individually ‘and fed water and a diet of Purina Rabbit 
Chow (Purina Mill, ‘Richmond, Ind.) as desired under 
conditions of controlled light and temperature. All 
studies were performed i in accordance with the Guide- 
lines for the Use of Experimental Animals at the Johns H opkins 
University. Female rabbits (treated and control): were 
given hCG (100-1U; Organon Inc., West Orange, N.J.) 
to induce ovulation via a marginal ear vein. The treated 
group also received . allopurinol, (50 mg/kg; Sigma 
Chemical Co., St. Louis) simu taneously , via a: marginal 
ear vein, while the control group’ received an ‘equal 
volume of vehicle alone. The allopurinol solution was 
prepared according to the methods of Baker eval.” A 
second dose of alloptirinol (50 mg/kg) or vehicle was 
administered 3 hours later. This dose of allopurinol 
was selected on the basis of its effectiveness i in inhibiting 
free radical generation via xanthine oxidase in vivo” * 
and was within g the effective dose response range ob- 
served in vitro." 

Experiment 1. Eleven female rabbits (control, n= 4; 
allopurinol, n = 7) were put to death with an intra- 
venous overdose of pentobarbital sodium 24 hours af- 
ter administration of hCG and the initial dose of allo- 
purinol or vehicle, and the ovary and oviduct were 
removed. Ovaries were examined for number of un- 
ruptured follicles and corpora lutea, and ovulated ova 
were recovered from the oviduct by injection of Brack- 
ett’s defined medium" into ‘the oviduct adjacent to the 
tubouterine junction. Ova were assessed for both the 
stage of nuclear maturation and the degree of attach- 
ment of cumulus cells by phase-contrast microscopy. 
The ovum maturity was expressed as the percentage 
of ova achieving germinal vesicle breakdown. Cumulus 
dispersal was expressed as the percentage of retrieved 
ova with less than one layer of cumulus cells. Ovulatory 
efficiency, defined as the percent of large follicles (21.5 
mm) that proceed to rupture, also was calculated. 

Experiment 2. Twenty-one female rabbits (control, 
n= l], allopurinol, n = 10) were used. Animals were 
anesthetized with 32 mg/kg pentobarbital sodium, and 
ovaries and oviducts were removed 12 hours after ‘ad- 
ministration of hCG and the initial dose of allopurinol 
or vehicle. Ovaries were examined for number of un- 
ruptured follicles and corpora lutea, and ovulatory ef- 
ficiency was calculated as described in expériment 1. 


" Cumulus-oocyte complexes were retrieved by flushing 


oviducts with Brackett’s medium and were then fertil- 
ized in vitro. 
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Fig. 3. Ovulated ova retrieved from oviducts 24 hours after hCG administration. A, Control. Cumulus 
cells dispersed (less than one layer). (Original magnification x 500.) B, Treatment with allopurinol. 
Ovum surrounded by cumulus cells. (Original magnification x 500.) 


In vitro fertilization. The male rabbit was anesthe- 
tized with pentobarbital sodium, the scrotum was in- 
cised, and the epididymis with attached vas deferens 
was removed from the testis. Epididymal spermatozoa 
were collected as previously described." Washed sperm 
were resuspended in 1.0 ml of Brackett’s medium to 
yield 1 to2 x 10° spermatozoa per milliliter and prein- 
cubated for 10 hours with 5% carbon dioxide in air at 
37° Cand 100% humidity. Only sperm suspensions with 
good motility were used for insemination. 

Retrieved cumulus-surrounded oocytes were washed 
three times in Brackett’s medium and inseminated with 
preincubated sperm. Twelve hours later inseminated 
ova were transferred to Ham’s F10 medium (Gibco 
Laboratories, Grand Island, N.Y.) with 20% heat- 
inactivated fetal calf serum (Gibco Laboratories). The 
inseminated ova were examined by phase-contrast mi- 
croscopy daily for 4 days after insemination, and their 
developmental stage was assessed. Cleavage rate, de- 
fined as the percentage of inseminated ova containing 
two or more cells, was determined 36 hours after in- 
semination. Sixty hours after insemination, morula for- 
mation rate, defined as the percentage of inseminated 
ova that had proceeded to morula or blastocyst stage, 
was determined. Ninety-six hours after insemination, 
morula formation rate and blastocyst formation rate, 
defined as the percentage of inseminatd ova that had 
proceeded to blastocyst stage, were determined. De- 
generation rate, defined as the percentage of insemi- 
nated ova that showed evidence of degeneration (vac- 
uolation, cytolysis, necrosis, changes in the shape of 


early embryo, and fragmentation), was calculated at 
each time point. 

Statistical analysis. The x° method was used to assess 
ovulatory efficiency, percent of ova with dispersed cu- 
mulus, percent germinal vesicle breakdown, percent 
degeneration, and developmental stage. A probability 
of <0.05 was considered to be significant. 


Results 


Experiment 1. Twenty-four hours after hCG admin- 
istration, 38 ruptured follicles were observed in 8 con- 
trol ovaries and 49 ruptured follicles were seen in 14 
allopurinol-treated ovaries. Ovulatory efficiency was 
lower in the treated group (59.0%) than in control 
(73.1%), but this difference was not statistically signif- 
icant (Fig. 1). Thirty-five ovulated ova were recovered 
from controls and 41 from the treated group. No sig- 
nificant difference was noted in percentage of ova 
achieving germinal vesicle breakdown (control, 94.3%: 
allopurinol, 92.7%; Fig. 2). Allopurinol significantly in- 
hibited cumulus dispersal (Fig. 3, A and B) and reduced 
the percentage of cumulus dispersal from 71.4% to 
14.6% (p < 0.001; Fig. 2). 

Experiment 2. Twelve hours after hCG administra- 
tion, 114 ruptured follicles were recorded in 22 control 
ovaries and 96 ruptured follicles in 20 allopurinol- 
treated ovaries. Allopurinol significantly reduced ovu- 
latory efficiency (p < 0.001) from 88.4% to 58.9% (Fig. 
1). Totals of 68 and 61 ovulated ova were recovered 
from control and treated groups, respectively, and used 
for in vitro fertilization. At this early stage both control 
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Fig. 4. Cleavage rate (percentage of inseminated ova contain- 
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36 hours after insemination. 
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Fig. 5. Morula formation rate (percentage of inseminated ova 
proceeding to morula or blastocyst stage) and degeneration 
rate observed 60 hours after insemination. Asterisk, p < 0.05, 
compared with control. Double asterisks, p < 0.01, compared 
with control. 


and treated ova were still surrounded by cumulus cells. 
Thirty-six hours after insemination, cleavage rate was 
lower in the treated group (63.9%) than in the control 
group (76.5%) and degeneration rate was higher 
(treated, 16.4%; control, 7.4%), but these differences 
were not statistically significant (Fig. 4). Morula for- 
mation rate 60 hours after insemination was signifi- 
cantly reduced (p = 0.005) by treatment with allopu- 
rinol (41.0%) when compared with the controls (70.6%; 
Fig. 5). Allopurinol significantly increased (p < 0.01) 
degeneration rate 60 hours after insemination from 
14.7% to 34.4% (Fig. 5). Ninety-six hours after insem- 
ination, allopurinol significantly reduced morula for- 
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Fig. 6. Morula and blastocyst formation rate (percentage of 
inseminated ova proceeding to blastocyst stage) and degen- 
eration rate observed 96 hours after insemination. Asterisk, 
p < 0.025, compared with control. Double asterisks, p < 0.005, 
compared with control. 


mation rate from 72.1% to 50.8% (p < 0.025) and blas- 
tocyst formation rate from 35.3% to 8.2% (p < 0.005; 
Fig. 6). Furthermore, degeneration rate was signifi- 
cantly increased (p < 0.025) by treatment with allo- 
purinol (39.3%) as compared with the control group 
(20.6%; Fig. 6). 


Comment 


Many factors are involved in ovulation, oocyte mat- 
uration, and early embryonic development. Recently, 
we demonstrated that oxygen free radicals play a role 
in the process of ovulation in the in vitro perfused 
rabbit ovary. Since this ovarian perfusion technique is 
performed with synthetic medium in the absence of 
blood cells, circulating neutrophils could not have been 
the source of free radical generation during in vitro 
ovulation. The possible sources of free radical gener- 
ation include mitochondrial, endoplasmic reticular, and 
nuclear membrane electron transport systems. Oxidant 
enzymes such as cytochrome Piso, xanthine oxidase, and 
lipoxygenase, and the nicotinamide adenine dinucleo- 
tide phosphate, reduced form, oxidase of phagocytic 
cells also are involved in the production of oxygen free 
radicals." High concentrations of hypoxanthine, a 
substrate of xanthine oxidase, have been found in both 
pig and mouse follicular fluid," ” and endothelial cells 
are a rich source of xanthine oxidase." * The apical 
follicular region contains evidence of ischemia in hCG- 
induced ovulation in the rabbit, and hypoxanthine is 
produced via breakdown of adenosine triphosphate 
during ischemia. In addition, hypoxanthine is re- 
ported to be metabolized within cumulus-oocyte com- 
plexes.’ These observations support the possibility that 
the superoxide-generating hypoxanthine—xanthine 
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oxidase system could play a role in ovulation and oocyte 
maturation. l 

Allopurinol (4-hydroxypyrazolo[3,4-d]pyrimidine) 
prevents generation of oxygen radicals and maintains 
the concentration of hypoxanthine by inhibiting xan- 
thine oxidase. In these experiments allopurinol inhib- 
ited ovulation, cumulus dispersal, and early embryonic 
development in rabbits. These effects may have been 
due either to a decrease in free radical generation or 
to a direct toxic effect on the ovary. Oxygen free rad- 
icals have been found to exert a direct effect on cell 
membrane, connective tissue, and hyaluronic acid deg- 
radation.'* © Hyaluronic acid is a major component of 
the intercellular matrix that connects cumulus cells to 
one another and to the oocyte. Inhibition of cumulus 
dispersal by allopurinol in this study suggests that 
free radicals generated during follicle rupture degrade 
hyaluronic acid and result in cumulus dispersal. Allo- 
purinol most likely acts to prevent generation of the 
superoxide anion radical by inhibiting xanthine oxi- 
dase. Since both allopurinol and oxypurinol (4,6- 
dihydroxypyrazolo[3,4-d]pyrimidine), a major metab- 
olite of allopurincl and xanthine oxidase inhibitor,’ are 
also free radical scavengers,” '’ allopurinol’s action on 
the ovary may be via inhibition of xanthine oxidase 
and/or scavenging free radicals. 

The oocyte and cumulus cells are metabolically cou- 
pled through gap junctions'* ° that are thought to be 
involved in the control of oocyte maturation.” Meiotic 
resumption in the oocyte has been thought to be related 
to either a quantitative or a qualitative change in the 
signal from cumulus cells to the oocyte”? or to ter- 
mination of gap junctions, thus interrupting the trans- 
fer of substances that inhibit oocyte maturation.”* ™ 
That allopurinol treatment:did not affect nuclear mat- 
uration in ovulated ova in this experiment, despite the 
maintenance of cumulus-oocyte contacts, supports the 
hypothesis that a change in the cumulus cell-oocyte 
signal, rather than termination of gap junctions, is re- 
sponsible for resumption of oocyte maturation. ° 

Hypoxanthine is known to be a potent inhibitor 
of oocyte nuclear maturation.'* If a hypoxanthine— 
xanthine oxidase system exists within the ovary, allo- 
purinol treatment, which maintains the concentration 
of hypoxanthine, would be expected to inhibit oocyte 
nuclear maturation. However, allopurinol did not af- 
fect the percentage of ovulated ova achieving germinal 
vesicle breakdown 24 hours after hCG administration. 

_ Since nuclear maturation occurs once oocytes are re- 
moved from their follicles,** in these experiments 
allopurinol may have exerted its inhibitory influence 
on oocytes while still contained within the follicles. 
However, once follicle rupture occurred, approxi- 
mately 12 hours after hCG administration, the released 
oocyte would have been liberated from this inhibitory 
influence. It has been reported that gonadotropins can 
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overcome the inhibitory influence of hypoxanthine on 
oocyte nuclear maturation.” 

Although allopurinol did not significantly affect 
cleavage and degeneration rates, it was associated with 
a significant reduction of morula and blastocyst for- 
mation and increased degeneration of fertilized ova, 
when assessed 60 and 96 hours after insemination, re- 
spectively. These results suggest that allopurinol affects 
cytoplasmic maturation of oocytes either through a di- 
rect cytotoxic effect or as a result of maintaining high 
concentrations of hypoxanthine. Our data are consis- 
tent with previous findings that hypoxanthine inhibits 
early, embryonic development in the mouse.” 

In conclusion, allopurinol affects hCG-induced ovu- 


lation and suppresses cytoplasmic maturation of ovu- 


lated ova in this rabbit model. ‘These data suggest that - 
the (hypo)xanthine—xanthine oxidase system may play 
a role in the periovulatory interval. 


We wish to thank Ms. Fran Karas for her assistance 
in preparation of the manuscript. 
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Effects of platelet activating factor on mouse oocyte 


fertilization in vitro 
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Platelet activating factor is rapidly gaining acceptance as a potent mediator in many reproductive 
processes. This study presents data that indicate a direct role of platelet activating factor in fertilization. 
Plate et activating factor was shown to significantly increase (p < 0.001) the fertilization rate of mouse 
oocytes in vitro. Furthermore, CV3988, an inhibitor of platelet activating factor, was noted to significantly 
decrease in vitro fertilization rates at 107ë and 1074 mol/L concentrations. (AM J OBSTET GYNECOL 


1989:161:1714-7.) 


Key words: Platelet activating factor, in vitro fertilization 


Platelet activating factor (PAF) [1-0-alkyl-2-acetyl-sn- 
glyceryo-3-phosphocholine (AGEPC)] is a potent phos- 
pholipid with a diverse spectrum of biologic activities.' 
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Recently, Abisogun et al.® noted that ovulation was in- 
hibited in human chorionic gonadotropin (hCG)— 
primed rats with platelet activating factor receptor an- 
tagonist BN 52021. This inhibition of ovulation was 
overcome by the administration of additional platelet 
activating factor.* Our laboratory reported the presence 
of platelet activating factor—like activity in human sper- 
matozoa.® Platelet activating factor was also noted to 
increase the motility of human spermatozoa up to 53%." 
Human and mouse preimplantation embryos have 
been reported to produce and secrete platelet activating 
factor into the culture medium in vitro. Embryo- 
derived platelet activating factor is associated with a 
mild thrombocytopenia during the first week of preg- 


Volume 161 
Number 6, Part 1 


Table I. CV3988 inhibition of mouse in vitro fertilization 
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Sperm treatment Oocytes inseminated 





Control 150 
10°? mol/L CV3988 100 
107 mol/L CV3988 100 
1075 mol/L CV3988 80 
10~* mol/L CV3988 85 










Fertilization 
(second polar body) 


Cleavage 
(two-cell formation) 





135 (90.0%) 


126 (84.0%) 


88 (88.0%) 78 (78.0%) 
90 (90.0%) 80 (80.0%) 
56 (70.0%)* 52 (65.0%)* 
10 (11.7%) 


7 (8.2%)t 





*Significantly different from control (p < 0.01). 
+Significanuy different from control (p < 0.001). 


nancy in mice.” Thrombocytopenia has also been ob- 
served in women who receive fertilized human embryos 
after in vitro fertilization~embryo transfer.” There is 
also evidence for the role of platelet activating fac- 
tor in early pregnancy in humans, mice, rats, and rab- 
bits.™? This study reports the involvement of platelet 
activating factor in mouse oocyte fertilization in vitro. 


Material and methods 


Superovulation and oocyte recovery. Six- to 10- 
week-old virgin B;D.F,/J mice were maintained on a 
cyclic 14-hour light/10-hour-dark schedule and were 
superovulated with intraperitoneal injections of 5 IU 
pregnant mare’s serum gonadotropin followed by 10 
IU hCG 48 hours later. Mice were killed by cervical 
dislocation 14 to 16 hours after hCG administration 
and ovulated oocytes were recovered from excised ovi- 
ducts by tearing the dilated ampulla with a 30-gauge 
needle. 

Sperm capacitation and treatment with platelet ac- 
tivating factor inhibitor CV3988 or platelet activating 
factor. Spermatozoa were collected from the cauda ep- 
ididymides of proven fertile male mice and allowed to 
capacitate for 90 minutes at 37° C in a 5% carbon diox- 
ide atmosphere in Ham’s F-10. medium supplemented 
with 30 mg/ml bovine serum albumin. After 90 min- 
utes 1 x 10° spermatozoa were transferred to 1 ml 
of preequilibrated Ham’s F-10 medium (3 mg/ml bo- 
vine serum albumin) containing varying concentra- 
tions (1 x 107” through | x 10-* mol/L) of CV3988 
[rac-3-(N-n-octadecylcarbomyloxy)-2-methoxypropyl- 
9-thiazolyoethyl phosphate], a structural analog and in- 
hibitor of platelet activating factor, or 1 x 1077 mol/L 
platelet activating factor and further incubated for 30 
minutes before the addition of oocytes. 

In vitro fertilization with CV3988-treated sperm. 
Oocyte-cumulus masses were randomly distributed to 
Falcon center well tissue culture dishes (Becton Dick- 
inson, Lincoln, Park, N.J.) that each contained CV3988- 
treated sperm. Six hours after insemination oocytes 
were examined for second polar body extrusion and 
pronuclei formation. Fertilized ova were transferred to 
100 à microdrops of fresh growth medium (Ham's F- 


10, 3 mg/ml bovine serum albumin) overlaid by equil- 
ibrated mineral oil. Eighteen hours later the fertilized 
oocytes were scored for two-cell formation. To evaluate 
for the possibility of parthenogenetic activation of oo- 
cytes caused by CV3988, oocytes (n = 50} were cul- 
tured for 6 hours in the presence of varying concen- 
trations (1077 through 107+ mol/L) of the inhibitor 
CV3988 in the absence of spermatozoa. 

In vitro fertilization with platelet activating factor— 
treated sperm. Oocyte-cumulus masses were trans- 
ferred to platelet activating factor—treated spermato- 
zoa or untreated (control) spermatozoa and coincu- 
bated for 5 minutes. After coincubation, the oocytes 
were treated with 300 U/ml of hyaluronidase for 2 to 
5 minutes to remove remaining cumulus cells. The oo- 
cytes were washed three times with fresh culture me- 
dium before culture in 100 à microdrops (Ham’s F-10, 
3 mg/ml bovine serum albumin) under equilibrated 
mineral oil. Six hours later oocytes were assessed for 
second polar body extrusion and pronuclear formation. 
Eighteen hours later the fertilized oocytes were scored 
for two-cell formation. To evaluate for the possibility 
of parthenogenetic activation of oocytes caused by’ 
platelet activating factor, oocytes (n = 50) were ex- 
posed to 1 xX 10°? mol/L platelet activating factor for 
5 minutes in the absence of spermatozoa. Data were 
subjected to x? analyses. 


Results 


In the experiment to evaluate the effects of CV3988 
on in vitro fertilization of mouse oocytes, 90% fertil- 
ization (second polar body extrusion) and 84% two-cell 
formation rate were observed for control oocytes. In 
the presence of 107’ and 107€ mol/L CV3988 fertiliza- 
tion rates (88%, 90%) and two-cell formation rates 
(78%, 80%) were similar to controls. At higher concen- 
trations of the inhibitor (107° mol/L and 107‘ mol/L) 
a statistically significant reduction. in fertilization rates 
(70%, p < 0.01; 12%, p < 0.001) and two-cell formation 
(65%, p < 0.01; 8%, p < 0.001) were noted (Table 1). 
CV3988 did not parthenogenetically activate oocytes at 
experimental concentrations. 

At the 10-* mol/L concentration of CV3988 10% to 
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Table II. Platelet activating factor enhancement of mouse in vitro fertilization 
















Sperm treatment 





Control i 114 
Platelet activating factor 159 
(1 x 1077 mol/L) 


Oocytes inseminated* 






Fertilization 
(second polar body) 


Cleavage 
(two-cell formation) 





33 (28.9%) 
85 (54.1%) t 


30 (26.3%) 
80 (50.3%) + 





*5-minute coincubation period. 
tp < 0.001, 


15% of the sperm were noted to be agglutinated with 
a mild reduction in motility. 

Oocytes exposed to sperm cells for only 5 minutes 
resulted in a 29% fertilization rate with 26% of the 
oocytes developing to the two-cell stage. In the presence 
of platelet activating factor, 54% of the oocytes were 
fertilized (p < 0.001) with 50% developing tothe two- 
cell stage (p < 0.001, Table II). Almost twice the num- 
ber of spermatozoa were noted to be bound to the zona 
pellucida in the platelet activating factor group when 
compared with the non-PAF-treated control group. A 
5-minute exposure of oocytes to platelet activating fac- 
tor in the absence of sperm did not result in parthen- 
ogenetic activation of control oocytes. 


Comment 

The mouse in vitro fertilization system is highly ef- 
ficient with fertilization rates of 85% to 90%. The two 
approaches used in the past to demonstrate stimulatory 
effects on the system are reduction of spermatozoa 
insemination concentration, or drastic reduction of 
sperm-egg coincubation time.’* ™ Recently Pomeroy 
etal. reported the enhancement of mouse ova in vitro 
fertilization by treatment of spermatozoa with caffeine. 
This effect was only demonstrable when the sperm-egg 
coincubation time was reduced to 15 minutes.” In this 
study we note a twofold increase in the in vitro fertil- 
ization and cleavage rate after a very short exposure of 
oocytes to spermatozoa in the presence of platelet ac- 
tivating factor and a decreased fertilization rate in the 
presence of platelet activating factor inhibitor CV3988. 
Harper et al. reported a statistically significant re- 
duction in the number of rabbit oocytes fertilized 
in vivo when does were artificially inseminated with 
107 and 107* mol/L CV3988-treated ejaculated se- 
men. In their study they observed moderate sperma- 
tozoa agglutination at 10-5 mol/L CV3988 with reduc- 
tion in motility. After treatment with 10°‘ mol/L 
CV3988 they noted severe sperm agglutination and a 
large decrease in motility but still observed a 77% fer- 
tilization rate. In our study with mice we did not ob- 
serve sperm agglutination at 107> mol/L CV3988 or a 
decrease in motility. After 107 mol/L CV3988 treat- 
ment we noted 10% to 15% spermatozoa agglutination, 
with a mild decrease in motility. The reduction in 


mouse oocyte fertilization in the presence of 1074 
mol/L CV3988 is unlikely to be a result of the mild 
sperm agglutination or reduced motility. These dis- 
crepancies with regard to agglutination and motility 
reduction may be species specific or a result of the 
presence of seminal uid in the rabbit study. Ina recent 
report Kuzan et al. also noted a twofold to threefold 
increase in the fertilization rate of mouse oocytes in the 
presence of 1 x 107* mol/L platelet activating factor 
using low sperm concentration (1 X 10°/ml). A signif- 
icant reduction in the fertilization rate of oocytes in the 
presence of Webb 2086, a specific platelet activating 
factor receptor antagonist, was also observed by them.” 
These data indicate a direct role for platelet activating 
factor in the fertilization process. Platelet activating fac- 
tor binding to target cells is followed by an increase in 
phosphatidylinositol-4,5-bisphosphate breakdown and 
the subsequent formation of diacylglycerol, an im- 
portant second messenger. Phosphatidylinositol-4,5- 
bisphosphate breakdown generates inositol-1,4,5- 
triphosphate, which is involved in calcium mobiliza- 
tion. It is possible that calcium mobilization may 
promote the capacitation and acrosome reaction of 
spermatozoa. From this study we conclude that platelet 
activating factor, in addition to its involvement in ovu- 
lation, implantation, and parturition, may also have an 
important role in sperm-egg interaction during fertil- 
ization. Previous studies from our laboratory with re- 
gard to the presence of platelet activating factor in hu- 
man spermatozoa and its enhancement of human 
sperm motility, in conjunction with the preliminary 
data noting increased fertilization rates of mouse and 
rabbit oocytes in the presence of platelet activating fac- 
tor, are highly suggestive for the potential therapeutic 
value of platelet activating factor in the treatment of 
various forms of human infertility.» '° Further re- 
search will be directed to elucidate the involvement of 
platelet activating factor in gamete interaction from a 
mechanistic point of view. 
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Release of tumor necrosis factor-a by human peritoneal 


macrophages in vivo and in vitro 


Jouko Halme, MD, PhD 
Los Angeles, California, and Chapel Hill, North Carolina 


Tumor necrosis factor is a product of activated monocytes, macfophages, and lymphocytes that exerts a 
variaty of effects in the host, Its cytotoxicity toward gametes has been suggested as a mechanism of how 
activated rhacraphages may cause subfertility, inasmuch as detectable levels of tumor necrosis factor have 
been reported in the peritoneal fluid of infertile patients. To further examine this issue we measured tumor 
necrosis factor activity in peritoneal fluid and its release in vitro from monocytes or peritoneal 
macrophages of patients undergoing laparoscopy because oi either tubal ligation or infertility. Cytolytic 
activity was determined with a bioassay with sensitized mouse fibrosarcoma cells as target. Significant 
tumor necrosis factor activity (>5 U/ml) was detected in’ 38% of the peritoneal fluid samples. A total of 
43% of the peritoneal macrophage samples released significant tumor necrosis factor activity in vitro and 
all samples tested including peripheral monocytes released high levels of activity in the presence of 
bacterial endotoxin. The activity was released in vitro in a time- -dependent manner.: Thermal stability 
characteristics: and neutralization with a specific antibody indicated that most of the activity in peritoneal 
fluid or released in vitro was that of tumor necrosis factor-a. Statistical analysis of tumor necrosis factor 
activity in peritoneal fluid in various diagnostic categories revealed a’ significantly elevated level in patients 
with endometriosis, as compared with fertile women.’ Endometriosis and pelvic adhesions were also 
significantly more likely to be associated with measurable levels of tumor necrosis factor act vity released 
by peritoneal macrophages in vitro, Overall, because tumor necrosis factor-a levels were frequently 
detectable, it suggests that activation of peritoneal macropheges either by bacterial products or 
inflammatory conditions can occur'in vivo. Moreover, these cells remain competent to release tumor 


necrosis factor i in ges (AM J Osstet GYNECOL 1989; 161: 1718- 25.) ` 


Key words: Tamer necrosis factor, monocytes, macrophages, endometriosis 


Several constituents of the peritoneal fuid environ- 
ment-have been suggested to possess the potential: to. 
adv ersely (or positively) influence fertility.’ Increased 
numbers of peritoneal macrophages and lymphocytes 
in addition to soluble enzymes and inflammation me- 
diators have been documented i in infertile patients with 
and without endometriosis.** Second, direct experi- 
ments-have documented adverse effects on the viability 
of gametes or preimplantation embryos by peritoneal 
fluid and media from incubated (peritoneal) inflam- 
matory cells.°° Third, several purified products of ac- 
tivated macrophages. or constituents of peritoneal 
fuid have been shown to exert adverse influence on 
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gametes, fertilization, or embryonic development when 
tested in vivo.'*!* Such products include interleukin-1, 
interleukin-2, interferon-gamma, and tumor necrosis 
factor (TNF-a). 

TNF-a (cachectin).is a cytotoxic protein released by 
stimulated monocytes and macrophages that is an im- 
portant component of the host inflammatory re- 
sponse." This compound activates neutrophils," alters 
the properties of vascular endothelial cells,” and reg- 
ulates the metabolic activity of several tissues.’ Because 
TNF-a is cytotoxic against some tumor celis” and has 
been shown to significantly reduce the motility of hu- 
man sperm in vitro, it has been postulated to be a local 
mediator of subfertility.'' '® Indeed, TNF-a has been 
detected in peritoneal fluid in approximately one third 
of asymptomatic infertility patients undergoing lapa- 
roscopy, and significantly elevated levels were shown to 
be associated with advanced endometriosis.” 

This article reports our studies on the presence of 
TNF-a in peritoneal fluid in vivo and production of 
this compound in vitro by peritoneal macrophages 
from healthy patients. We also examined factors 
that control secretion of TNF-a in vitro, such as mac- 
rophage activation and adherence. 
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Fig. 1. Release of TNF by monocytes and peritoneal macrophages in response to bacterial endotoxin 
(lipopolysaccharide) in vitro. Bars represent means of triplicate measurements. 


Material and methods 


Patient population. Peritoneal fluid was obtained 
with prior consent from a total of 78 patients under- 
going either diagnostic laparoscopy or elective lapa- 
roscopic tubal sterilization. The age range was from 23 
to 42 years and the laparoscopic procedure was per- 
formed under general anesthesia between days 2 to 29 
of the menstrual cycle. Of the 29 patients who had 
normal pelvic findings, 9 were undergoing tubal ster- 
ilization and the remainder has unexplained infertility. 
A total of 15 women had tubal occlusion or pelvic adhe- 
sions. There were 34 women who were found to have 
endometriosis, which according to the American Fer- 
tility Society classification was stages I to II in 23 
women, stage III in 7 women, and stage IV in 4 women. 
All fertile women had regular menstrual cycles and 
were neither taking oral contraceptives nor using an 
intrauterine contraceptive device. The infertility pa- 
tients had 21 year of primary or secondary infertility 
and had undergone a basic infertility evaluation before 
laparoscopy. 

Collection and isolation of peritoneal cells and pe- 
ripheral blood monocytes. Peritoneal fluid was col- 
lected at laparoscopy with a laparoscopic cannula from 
the cul-de-sac before any manipulative procedures or 
tubal insufflation. Peritoneal fluid samples were cen- 
trifuged to separate cells from the supernatant, which 
was stored in aliquots at ~ 70° C until assayed for cy- 
totoxic activity. The macrophages were isolated by dis- 
continuous Ficoll-Paque centrifugation gradient, as 
previously described.* Peripheral blood mononuclear 
cells were subjected co further purification by a stepwise 
Percoll gradient to obtain approximately a 90% pure 
monocyte population. 

Monocyte-macrophage cultures. Peritoneal macro- 
phages or monocytes (usually 500,000 cells) were plated 


in 1.5 cm diameter tissue culture wells (Costar, Cam- 
bridge, Mass.) in 1.0 ml of serum-free Dulbetco’s mod- 
ified Eagle’s medium-high glucose (DMEM-H) (Irvine 
Scientific, Irvine, Calif.) for 1 hour. The media was then 
replaced with 1.5 ml of fresh DMEM-H and the mac- 
rophages were incubated as an adherent monolayer for 


_ 24 hours in 5% carbon dioxide at 37° C in a humidified 


incubator. The cells were incubated either in the ab- 
sence or presence of 0.01 to 10 pg/ml of lipopolysac- 
charide from Escherichia coli 026:B6 (Sigma Chemical 
Company, St. Louis, Mo.). Cell viability was assessed at 
the end of incubation by microscopic visualization of 
cell morphology and adherence. After incubation the 
monocyte or macrophage culture medium was ren- 
dered cell free by centrifugation at 1500 rpm for 10 
minutes to remove any cellular debris and then stored 
in aliquots at — 70° C until assayed for cytotoxic activity. 

To demonstrate the time dependency of TNF-a re- 
lease by peritoneal macrophages, either 500,000 or 1 
million cells per well were plated as described above 
and incubated in DMEM-H at 37° C. The medium was 
harvested and replaced with fresh medium after var- 
ious time intervals of incubation. Other wells were in- 
cubated for the same intervals without replacement of 
the medium to ascertain that inactivation of cytolytic 
activity did not occur during prolonged incubation in 
assay medium. 

In experiments to test the role of cell adherence on 
the release of cytotoxic activity, 500,000 isolated peri- 
toneal macrophages were incubated in triplicate with 
DMEM-H in polypropylene tubes with continuous ag- 
itation to prevent adherence. After incubation for var- 


‘ious intervals, the cells were centrifuged at 1500 rpm 


for 10 minutes and supernatants were assayed for cy- 
totoxic activity. 
Assay for TNF activity. A neutral red stain cytotox- 
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Fig. 2. Time-dependent release of TNF by peritoneal macrophages in vitro. In the example, lipo- 
polysaccharide induces a significant release of activity. Open or closed circles denote means of triplicate 


wells, Vertical lines represent : SE. 


icity assay was used to measure the percent of surviving 
target cells.” In brief, target cells (WEHI-164 mouse 
fibrosarcoma cells were seeded in 96 well microwell 
plates at a concentration of 20,000 cells per well in 190 
wl of growth medium (Roswell Park Memorial Institute 
with 10% calf serum) for 18 hours and incubated over- 
night at 37° C. To sensitize the cells, the medium was 
replaced with new medium that contained actinomycin 
D at a concentration of 1 «g/ml and incubation was 
continued for 2 hours. Medium was again replaced with 
fresh medium that contained different dilutions of 
macrophage culture medium or standard dilutions of 
recombinant TNF-a, which ranged from 0.1 to 3000 
U/ml. The detection limit of the assay was 1 U/ml. The 
recombinant TNF used as a standard has a specific 
activity 2.39 x 107 U/mg. After an 18-hour incubation 
at 37° C, the medium with nonattached target cells was 
aspirated, and 100 pl of 0.006% neutral red stain in 
ethanol was added to each well. The plates were agi- 
‘tated and then read on a semiautomatic microplate 
reader with a test wavelength of 550 nm. Samples were 
considered to have significant activity if >5 U/ml. 
Immunoinhibition. Samples of macrophage- 
conditioned media or peritoneal fluid were incubated 
at 22° C for 24 hours with neutralizing rabbit antihu- 
man TNF-a (Olympus Corporation, Lake Success, 
N.Y.). The antibody contained a gamma globulin con- 
centration of 1 pg/ml and neutralized recombinant 
TNF ata dilution of 1: 100 to 1: 100,000. As a control, 


nonimmune serum was preincubated with macrophage 
culture medium. Aliquots of macrophage culture me- 
dium were then assayed for cytotoxicity on WEHI-164 
cells as described above. 

Statistical analysis. Statistical evaluation of the data 
was performed with the unpaired Student ¢ test or x” 
analysis. Data are expressed as means + SE. 


Results 

To determine whether TNF activity is produced 
in vitro, both peripheral monocytes and several samples 
of peritoneal macrophages were incubated in the pres- 
ence and absence of lipopolysaccharide and the con- 
ditioned medium was assayed for TNF activity. Non- 
stimulated monocytes produced a negligible amount of 
TNF activity during a 24-hour incubation. The effect 
of lipopolysaccharide on production of tumor necrosis 
factor was dose-dependent with the maximal increase 
in the presence of 10 ug/ml (Fig. 1, A). Incubation of 
peritoneal macrophages resulted in release of TNF ac- 
tivity in some samples, but in others this was seen only 
after lipopolysaccharide stimulation. Incubation with 
increasing concentrations of lipopolysaccharide greatly 
augmented the production of TNF-a activity by most 
peritoneal macrophages tested (Fig. 1, B). 

To establish whether cytolytic activity is produced 
in vitro in a time-dependent manner, representative 
samples of peritoneal macrophages were incubated for 
various intervals at 37° C in the presence or absence of 
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Fig. 3. Release cf TNF by varying concentrations of peritoneal macrophages in vitro. Open circles 
denote means of triplicate wells not including lipopolysaccharide. Closed circles with 10 pg/ml of 
lipopolysaccharide. Vertical lines represent +SE. Regression line is drawn to indicate relationship 
between number of incubated macrophages and stimulated release of TNF activity (r = 0.817). 


lipopolysaccharide (Fig. 2). TNF-a activity was released 
during the 24-hour period in the absence of lipopoly- 
saccharide. There was no detectable activity without 
lipopolysaccharide or if the incubation with lipopoly- 
saccharide was carried out at 4° C. 

In a similar fashion, increasing numbers of perito- 
neal macrophages were incubated for 24 hours at 
37° C to determine the influence of cell concentration 
on the release of cytolytic activity (Fig. 3). There was 
a significant linear correlation between these parame- 
ters in the range of 5-x 10* to 1 x 10° cells per well 
when incubations were carried out in the presence of 
lipopolysaccharide. 

To assess correlation between spontaneous (basal) 
and = lipopolysaccharide—induced TNF-a 
in vitro, samples of peritoneal macrophages from a 
variety of patients were incubated with and without 
lipopolysaccharide (Fig. 4). Great variability was seen 
in the level of basal activity and all samples released 
high levels of activity in response to lipopolysaccharide. 
However, there was no significant correlation between 
spontaneous release and induced release (correlation 
coefficient, r = 0.2). 

Peritoneal macrophages are obtained and isolated as 
nonadherent cells. After incubation they become ad- 
herent to plastic. Because the adherence to plastic 
may induce an artificial stimulus, TNF-a production 
by adherent peritoneal cells was compared with cells 
that were incubated in identical conditions in a non- 
adherent state. There was no statistically significant 
difference in baseline TNF activity between adher- 


release 


ent and nonadherent conditions. In some samples 
lipopolysaccharide—induced activity was significantly 
higher in adherent conditions, whereas in others this 
was not the case. However, there appeared to be no 
difference in heat resistance characteristics of TNF 
activity produced in either condition. The activity was 
resistant to heat at 56° C but was generally destroyed 
at temperatures of 80° C (data.not shown). These heat 
stability characteristics observed in our macrophage 
culture medium supernatants are consistent with phys- 
ical properties of human TNF previously published.” 

To identify the cytolytic activity released by perito- 
neal macrophages in vitro as TNF activity, neutraliza- 
tion with a specific antibody to human TNF-a was per- 
formed. In these experiments, 96% of the cytolytic ac- 
tivity of recombinant human TNF-a was abolished by 
preincubation with antihuman TNF (data not shown). 
Furthermore, 82% of the activity in macrophage- 
conditioned medium and 76% of that in peritoneal 
fluid was inhibited by the same antibody. These results 
suggest that the cytolytic activity produced by perito- 
neal macrophages in vivo or in vitro is, for the most 
part, identical to human TNF-a. 

The cytotoxic activity present in peritoneal fluid in 
patients in different diagnostic categories was com- 
pared, and is depicted in Fig, 5. Thirty of 78 peritoneal 
fluid samples had detectable activity, with the maximum 
cytotoxicity found in an infertile patient with pelvic 
adhesions. There was no significant difference between 
the mean levels of activity in fertile versus infertile pa- 
tients (p < 0.1) or in the presence versus absence of 
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Fig. 4. Spontaneous and lipopolysaccharide—induced release 
of TNF in vitro by peritoneal macrophages from 10 patients. 
Circles represent means of duplicate wells. Horizontal lines are 
means + SE of group. 


endometriosis (p < 0.2). However, the mean level of 
cytotoxic activity was higher in patients with endome- 
triosis than that in fertile women (p < 0.05). 
Significant TNF activity was also released by peri- 
toneal macrophages in vitro (Fig. 6). Of 71 samples 
tested, 28 samples had measurable activity. Macro- 
phages from 10 of 38 patients without endometriosis 
released TNF-a in vitro, as compared with 18 out of 
53 patients with endometriosis. A statistical evaluation 
revealed significant differences in the frequency of 
detectable TNF release between fertile patients versus 
those with adhesions (p < 0.025), fertile patients ver- 
sus those with endometriosis (p < 0.01), and between 
all patients with and those without endometriosis 
(p < 0.025). Thus it appears that the presence of cy- 


tolytic activity is quite common in peritoneal fluid and — 


that peritoneal macrophages are often capable of re- 
leasing TNF activity even without appreciable in vitro 
exposure to lipopolysaccharide. 


Comment 

Tumor necrosis factor is a secretory protein that is 
increasingly recognized as an important biologic me- 
diator." It induces a variety of inflammatory responses 
in vivo in experimental animals, and recent reports 
nave implicated TNF in critically ill cancer patients,” 
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in endotoxin shock,” and in several inflammatory 
states.**’ Monocytes and macrophages, which are 
known to be also present in the peritoneal cavity have 
been shown to release TNF-a and may respond to a 
variety of inflammatory stimuli in vivo. The peritoneal 
cavity represents an environment in which several po- 
tentially inflammatory stimuli are often present. Ret- 
rograde menstruation, ovulation-associated rupture of 
follicular contents, and antigenic components of sperm, 
are all such stimuli. In addition, pelvic infections (both 
clinical and subclinical) may promote TNF-a produc- 
tion after macrophage activation by a variety of micro- 
organisms.” f 

In this article, we have shown that human peritoneal 

macrophages from healthy women with or without ev- 
idence of some pelvic abnormality often are capable of 
producing a factor(s) cytotoxic for WEHI-164 cells, a 
TNF-sensitive cell line. This factor is stable when 
heated at 56° C for 30 minutes, but it is inactivated by 
heating at 86° C for 30 minutes. Furthermore, more 
than 80% of this activity is neutralized by monoclonal 
antihuman TNF-a antibody. These data suggest that 
this activity is identical to TNF-a. 
*. Under normal circumstances little biologically active 
tumor necrosis factor is present within circulating pe- 
ripheral monocytes, because the gene or genes that 
control its expression are repressed.” This was shown 
in this study by the nondetectable release of TNF 
in vitro by nonstimulated monocytes, whereas a dose- 
dependent TNF release was seen after exposure to 
lipopolysaccharide in vitro. In contrast, a large pro- 
portion of human peritoneal macrophages released 
TNF in vitro during the 24-hour incubation period 
without any additional stimulus such as lipopolysac- 
charide. This suggests that peritoneal macrophages 
have had exposure in vivo (in the peritoneal cavity) to 
priming effects of substances such as interleukin-1 
or granulocyte-macrophage—colony stimulating factor 
and possibly bacterial endotoxin. The variable increase 
of TNF release by the peritoneal macrophages in vitro 
may reflect the amount and type of the previous in vivo 
stimulus. 

The results of this study suggest that cell adherence 
is a factor that determines macrophage TNF release 
and sensitivity to lipopolysaccharide, although some 
peritoneal macrophages were capable of releasing TNF 
without a stimulus in nonadherent conditions. How- 
ever, the control of TNF release by the peritoneal cells 
appears less dependent on adherence than that of pro- 
duction of macrophage-derived growth activity, which 
is entirely dependent on adherence.” 

This study also demonstrates that cytolytic activity is 
detectable in.a significant number of peritoneal fluid 
samples from patients who have little evidence of gross 
pelvic pathology. Most of this activity (at least in rep- 
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Fig. 6. Comparison of TNF activity reléased i in vitro ‘by plona tadgtophages of 71 patients. Open 
_ bars denote means + SE or means.— SE. Statistical: analysis revealed significant differences only 
between unexplained infertility and endometriosis samples (log. transformed ` values). Closed bars 
indicate frequency of positive samples. x analysis revealed significant differences Petween groups 


as depicted 


resentative samples) also i is neutralized by monoclonal 
antibody against human TNF-a: The-remaining cyto- , l 
‘lytic activity may represent TNF-ß, a cytolytic’ factor 
with identical bioactivity but only: 28% homology’ to 
, TNF- -a. This faoto is - paras by T- Hyeiphotyes in 


response to antigen challenge to viruses or lymphocyte 
mitogens.” Alternatively, the nonneutralizable cytolytic 


activity: in macrophage média and peritoneal fluid may 
' be some undetermined type of cytolytic factor that an- 


tigenically and structurally i is unrelated to TNF. Several 
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studies have identified “cytotoxic activity” in peritoneal 
fluid with other types of assays for cytotoxicity such as 
embryo culture,” © sperm motility,” and antifertiliza- 
tion effects,° and it remains to be seen whether these 
activities’ are identical to the activity detected in this 
study. Although the WEHI cell line has been widely 
used in the detection of TNF-a activity, it is not specific 
for TNF-a.” l l 

What is the biologic implication of the presence of 
significant cytolytic activity in the peritoneal environ- 
ment? It is obvious that such activity could have poten- 
tial adverse effects on reproductive processes such as 
fertilization and early development of the conceptus, 
but. are there any advantages or benefits from such 
substances? Release of cytolytic activity by monocytes is 
considered to be. part of their role in immunosurveil- 
lance and host response to bacteria and viruses. ‘The 
peritoneal environment is often exposed to such mi- 
croorganisms in view of the frequent presence of sperm 
in the peritoneal fluid. Sperm can serve as vectors for 
bacteria and. viruses (this has been recently demon- 
strated even for human immunodeficiency virus). 
This stimulus for peritoneal macrophages to release 
TNF-a is perhaps a vital component of the local host 
response while being detrimental to fertility. 

Although there is great variability in the level of cy- 
tolytic activity in the peritoneal fluid and that released 
‘by peritoneal macrophages in vitro, these results are in 
agreement with a previous report that showed detect- 
able levels of TNF in peritoneal fluid: of 35% of 74 
patients.’ As a diagnostic group, only patients with 
moderate to severe endometriosis had significantly el- 
evated levels in that study. Our results indicate a sta- 
tistically significant increase in TNF levels released 

‘in vitro and in peritoneal fluid in patients with endo- 
metriosis. The small number of patients with moderate 
to severe endometriosis in this study does not ‘allow 
adequate separate statistical evaluation for that group. 
indeed, TNF activity measured either in vitro or in 
vivo does not appear specific for any par ticular diag- 
nostic category although macrophages from patients 
with endometriosis are significantly more likely to re- 
lease TNF in vitro. Furthermore, it isnot clear whether 
the activity is dependent on levels of circulating or local 
hormonal factors. Another cytokine, interleukin-1, has 
been shown to have such a hormonal dependency.” 
Certainly further studies arẹ warranted to determine 
which factors control the production of these cytokines 
and to'elucidate their. role and impact in the female 
pelvis and reproductive physiology. 

The recombinant human TNF-a was a gift from 
Genentech, Co., San Francisco, Calif., and the WEHI- 
164 mouse fibrosarcoma cells were a gift from Susanne 
Becker, PhD. The excellent technical assistance of Eu- 
femia Tsui is acknowledged. 
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isolation and sequencing of a complementary deoxyribonucleic 
acid clone encoding | human placental 17ß- -estradiol 
dehydrogenase: identification of the putative cofactor 


binding site 
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178-Estradiol Gebvciegehass (EC 1.1.1. 62) catalyzes the interconversion of estradiol and estrone in , 
human term placenta. We have raised a specific polyclonal antibody to this abundant plécental enzyme to 
study its role in late pregnancy events and its molecular biologic characteristics. In this work the 
178-estradiol dehydrogenase antibody was used to isolate and sequence a complementary 
deoxyribonucleic acid clone encoding about 98% of the amino acid sequence of.the 178- -estradiol . 
dehydrogenase molecule. This sequence verifies previous sequence data on the molecule’ s steroid | 
binding site and also localizes a putative nicotinamide adenine dinucleotide binding régicn similar to that of 
many other pyridine nucleotide—dependent dehydrogenases. Isolation of the complementary 
deoxyribonucleic acid for 17B-estradiol dehydrogenase expands our knowledge of the structure-function 
relationships of the. enzyme and is a major step in our understanding of its biologic function in pregnancy. 


(AM J OsstET GYNECOL 1989;161: 1726331 .) 


Key. words: Estradiol dehydrogenase, nicotinamide adenine dinucleotide binding, placenta 


Abnormalities of labor, especially when associated 
with the problems of prematurity and postmaturity, 
represent the single most common cause of cerebral 
palsy and mental retardation in the U.S. today. Much 
of the recent work in this- area centers on the critical 
role of éstrogen in the uterine cellular mechanisms re- 
sponsible. for the initiation of labor.’ The steroid con- 
verting enzyme 176-estr, adiol dehydrogenase occupies 
a central position in that enzymatic cascade responsible 
for the generation. of sex steroids in the woman. The 
enzyme catalyzes the terminal step of estrogen biosyn- 
thesis and is-required. for the interconversion of estra- 
diol, the major female sex hormone, with its weaker, 
related steroid estrone. 178-Estradiol dehydrogenase 
is found in uricommon abundance in the human pla- 
centa where its probable role is ih the maintenance arid 
regulation of appropriate estradiol levels in the mother 
atid fetus as delivery approaches. Gaining an ‘under- 
standing of the enzyme’s structure and mechanisms of 
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action wili be necessary to ‘define atid correct any 
steroid-related: abnormalities in the process of labor 
initiation that lead either to preterm labor- or to. the 
failure to properly initiate the labor process (postima- 
turity). - 
- Although it may be obedi m milligr: am quantities 
from the placenta, little is known about the physio- 
logic, role of 17B- -estradiol dehydrogenase in the 
pregnancy process. Even less is, known about the 
molecular biologic characteristics of the enzyme. We 
have long been interested i in the study of this pyridine 
nucleotide—dependent enzyme, both because of its po- 
tential regulatory role in the dynamics of placental ste- 
roid metabolism and because of our interest in the 
structural and functidnal concomitants of the nicotin- 
amide adenine dinucleotide— and nicotinamide ade- 
nine dinucleotide phosphate—dependent dehydroge- 
nases. Steroid-converting enzymes in different tissues 
may share some degree of estradiol dehydrogenase— 
like activity,” leading to confusion about Specificity and 
functiorial relationships within, this class of enzymes. 
For that reason, eliancé on activity measurement and 
gel chromatography have proved inadequate to probe 
intracellular sites of action and enzyme regulation. 
Thus recent advances in cloning and nucleic acid se- 
quencing provide a realistic; currently available too! to 
evaluate periodic changes in the énzyme’s levels and to 
produce the large quantitites of pure enzyme necessary 
for crystallographic and stereochemical study. , 
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Fig. 1. Sequencing strategy for the 178-estradiol dehydrogenase cDNA clone. Sequencing was carried 
out by a modified dideoxy-nucleotide technique" that used a{*S]5’-deoxyadenosine triphosphate. 
Universal primers (SP6 and T7) and specific synthetic oligonucleotides were used as primers for the 
sequencing reactions. Multiple sequence overlaps were performed for all regions of the clone. The 
locations of the steroid and cofactor binding sites, as well as the polyadenylation site, may be seen. . 
PAAPQ denotes the carboxyl terminal of the 17B-estradiol dehydrogenase coding sequence. 


In the last several years we have extensively studied 
active site structure and function in the 178-estradiol 
dehydrogenase molecule. We have characterized the 
biochemical and biophysical properties of the purified . 
enzyme, established the kinetics of substrate binding 
and product inhibition, and probed the active site to- 
pography with affinity alkylating steroids and cofac- 
tors.” Collaboration between our department and Dr. 
Ralph Bradshaw (University of California, Irvine) has 
produced a putative amino. acid sequence for the cat- 
alytic site and amino terminus of the 17B-estradiol de- 
hydrogenase molecule.’ To determine the complete 
primary structure of the human placental enzyme and 
to expand our understanding of the polypeptide’s sub- 
strate and cofactor binding domains, we undertook the 
isolation and nucleic acid sequencing of a complemen- 
tary deoxyribonucleic acid (CDNA) clone encoding 17B- 
estradiol dehydrogenase. Using this clone we hoped to 
establish the entire primary structure of estradiol de- 
hydrogenase, to verify previously established amino 
acid sequences for the enzyme’s substrate binding do- 
main and its amino terminus, and to identify a putative 
cofactor binding site. Finally, we wished to compare the 
nicotinamide adenine dinucleotide binding site’s pri- 
mary and secondary structures with those of other 
pyridine-dependent dehydrogenases. 


Material and methods 

Radiolabeled protein A (50 yCi/ml) and high- 
specific-activity o[*$]5'-deoxyadenosine triphosphate 
(>1000 Ci/mmol) were obtained from Amersham 


(Amersham, United Kingdom). pGEM4Z plasmid- 


DNA was obtained from Promega, Inc. (Madison, Wis.). 
All reagent-grade chemicals were obtained from Sigma 
Chemical Co. (St. Louis). 20a-Hydroxysteroid dehy- 
drogenase was generously provided by Dr. Jorge Pi- 
neda (Washington University, St. Louis). 

To screen a human placental cDNA library for es- 
tradiol dehydrogenase clones, it was first necessary to 
produce a highly specific polyclonal antibody to the 
enzyme. Highly purified enzyme was isolated by the 
affinity purification technique of Chin and Warren’ and 
evaluated for activity by the method of Langer and 
Engel. The protein was then used to raise antiserum 
in male New Zealand White rabbits by a technique de- 
scribed previously.” Whole serum was evaluated for sen- 
sitivity and specificity of antibody response during the 
development of a sensitive indirect enzyme. immuno- 
sorbent assay (data not shown). This enzyme-linked im- 
munosorbent assay proved capable of accurately mea- 
suring known quantities of 178-estradiol dehydroge- 
nase as small as 10 ng. When other proteins, such as 
bovine serum albumin, creatine phosphokinase, and 
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Fig: 2. ‘Translation ‘of JB: ‘estradiol E A inito protein. 17B- Estřádiol gate E isai., ? 
protein of approximately 323 amino acids. ‘This figure. delineates the primary structtire of the | 
` molecule for all but its first four amino acids: The area marked cofactor binding domain is extrapolated ` 
from the’ structural motifs’ derived by Birkroft and Bañaszák.* The substrate binding domain is the 
- + ` 20-aminġ'aċid peptide fragment. affinity labeled by Murdock et al." in 1986; The consensus poly- 
. edenyianon addition’ seni AATAAA: may be seen near r nucleic acid 1230. - 
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The cDNA inserts used for futher study were found 
to hybridize both to a 1400 base pair placental ribo- 
nucleic acid and to human genomic DNA by Northern 
and Southern blot analysis, respectively (data not 
shown). 


Results 


Eighteen 17B-estradiol dehydrogenase—positive 
clones were identified by antibody screening and later 
by oligonucleotide screening. All or parts of five of 
these clones were used in the DNA sequencing process. 
Fig. 1 represents the sequencing strategy used to es- 
tablish the nucleic acid sequence of the longest of the 
© clones. Universal primers and a variety of specific oli- 
gonucleotides were used to provide a series of overlap- 
ping sequence data. These established a cDNA of 1270 
bases, some 970 of which make up the 17-estradiol 
dehydrogenase coding sequence. Also shown in this 
figure are the relative locations of the substrate and 
cofactor binding regions within the cDNA sequence. 
Although a poly(A)tail was identified at the end of the 
noncoding 3’region of the clone, no ATG start codon 
was identified in our cDNA. 

Fig. 2 details the translation of our nucleic acid se- 
quence into protein. The polyadenylation site and its 
consensus start sequence AATAAA (located 8 bases 


upstream) may be seen at the 3’-end of the sequence. . 
P y q 


The carboxy terminal of the enzyme (proline-alanine- 
alanine-proline-glutamine) is located at approximately 
nucleic acid 970. 

In 1984, Warren et al.* presented a putative N- 
terminal amino acid sequence for estradiol dehydro- 
genase derived by standard protein chemistry tech- 
niques. That sequence began with the amino acids 
alanine-arginine-threonine-valine. The next series of 
amino acids from their sequence corresponds to the 
first 19 amino acids deduced from our cDNA clone and 
may be seen at its 5'-end. Since no ATG codon was 
identified by our group, we conclude that this clone 
ends at least five amino acids shy of the amino terminus 
of the enzyme. l 

Two other areas of the estradiol dehydrogenase 
amino acid sequence also have been published. In 1973, 
Nicolas and Harris” detailed a 17-amino acid fragment 
that they affinity labeled with a halogenated nicotin- 
amide adenine dinucleotide phosphate derivative. The 
sequence of this fragment was confirmed by translation 
of bases 150 to 200 in our nucleic acid sequence. In 
1986, Murdock etal." published a 20-amino acid partial 
sequence from the putative steroid-binding site of 178- 

' estradiol dehydrogenase after purification with a series 
of radiolabeled derivatized enzyme substrates. This re- 
gion contains three histidine residues thought to be 
critical to the enzyme’s activity. DNA sequencing of the 
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region, also present in our cDNA, confirms the accuracy 
of their amino acid sequence. It corresponds roughly 
to amino acids 195 to 214 in the estradiol dehydro- 


genase molecule. 


Birktoft and Banaszak” have analyzed and compared 
the nicotinamide adenine dinucleotide and nicotin- 
amide adenine dinucleotide phosphate binding do- 
mains of more than a dozen of the >250 pyridine- 
dependent dehydrogenases and their isoforms that 
have been identified to date. They suggested that the 
dinucleotide-binding domains of these enzymes contain 
a common structural motif. This motif consists of sev- 
eral, nearly parallel B-sheets with a single a-helix form- 
ing the connection between the first two B-strands. Sev- 
eral invariate glycine residues permit close proximity 
of the two ribose rings of cofactor to the B-sheet and 
the pyrophosphate to the a-helix. An acidic group, usu- 
ally aspartic acid, also interacts with the adenine ribose 
2-hydroxyl group of the nicotinamide adenine dinu- 
cleotide. Fig. 3 offers a comparison of the amino ter- 
minal portion of estradiol dehydrogenase with the nic- 
otinamide adenine dinucleotide—binding regions of 
several of these other dehydrogenases. When com- 
pared with the nicotinamide adenine dinucleotide— 
binding sites of lactic dehydrogenase, malate dehydro- 
genase, glyceraldehyde-3-phosphate dehydrogenase, 
and others, the characteristic B-, œ~, B-pattern, multiple 
proximate glycine residues, and typical acidic amino 
acid for ribose binding all may be seen within the 34- 
amino terminal residues of our cDNA-derived protein 
sequence. The amino terminal location of this portion 
of the estradiol dehydrogenase molecule is a signature 
location for the dinucleotide binding regions of other 
dehydrogenases. i 


Comment 


We have isolated and sequenced a cDNA clone en- 
coding nearly 98% of the protein sequence of 17B- 
estradiol dehydrogenase. On the, basis of this work, 
estradiol dehydrogenase is a polypeptide made up of 
approximately 323 amino acids. This corresponds 
closely to previous molecular weight estimates that were 
based on gel chromatography” and denaturing gel 
electrophoresis.'* '’ The relative frequency of individ- 
ual amino acids in our putative sequence also correlates 
with earlier estimates that were based on compositional 
analysis."© "7 Finally, the cDNA-derived sequence is 
nearly identical to a 17B-estradiol dehydrogenase se- 
quence derived in the laboratory of Dr. Ralph Brad- 
shaw using standard protein chemistry techniques (per- 
sonal communication). This sequence is also in almost 
complete agreement with the DNA sequence of a hu- 
man placental 178-estradiol dehydrogenase cDNA 
published earlier this year by Peltoketo et al.® The six 
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Fig. 3. Comparison of the nicotinamide adenine dinucleotide—binding sites of selected pyridine 
nucleotide—dependent enzymes with that of 17B-estradiol dehydrogenase. Amino acid sequences 
of the core. dinucleotide-binding domains of various nicotinamide adenine dinucleotide—binding 
enzymes are presented, The secondary structure assignments of the proteins are indicated at the 
top of the figure. The exact starting and ending points for the 8-strands and the a-helix vary 
among proteins. The stars at the bottom of the figure indicate the locations of critical or highly 
conserved residues. Abbreviations for enzyme names are as follows: 178-BDH, 17B-Estradiol 
dehydrogenase; BHDG, B-hydroxyacyl-coenzyme A dehydrogenase; SMDH, cytosolic malate 
dehydrogenase, MMDH, mitochondrial malate dehydrogenase; LDH'B, lactic dehydrogenase 
B; G3PDH, glycerol-3-phosphate dehydrogenase; ADH, alcohol dehydrogenase; GA3PDH, 
glyceraldehyde-3-phosphate dehydrogenase. The source of each enzyme is included after its ab- 


breviation. 


differences in the amino acid composition of our se- 
quence and that of Peltoketo et al. can, in general, be 
explained by differences in a single nucleic acid within 
a given area of the DNA sequence. This most likely 
occurs because the two groups have sequenced slightly 
different allelic forms of the cDNA. 

Since the mid-1970s, identification of the putative 
nicotinamide adenine dinucleotide binding site of 17B- 
estradiol dehydrogenase has remained elusive. Se- 
quence analysis, as inferred from our DNA sequencing 
technique, identifies a putative cofactor binding site of. 
approximately 40 amino acids located in the molecule’s 
amino terminus that is similar in primary and second- 
ary structure to other pyridine-dependent dehydro- 
genases. This sequence does not contain the 17-amino 
acid fragment-labeled by Nicolas and Harris" with de- 
rivatized cofactor analog. We believe that this cofactor 
analog in fact binds at the site that we have identified 
but that the derivatized ring selectively labels an adja- 
cent area of protein sequence. As may be seen from 
the sequence of our cloned cDNA, the Nicolas and Har- 
ris peptide, which contains none of the structural motifs 
identified by Birktoft and Banaszak,” also lies in the 
amino terminal half of the molecule and thus is most 
likely in close proximity to the authentic cofactor kind- 
ing site. Definitive elucidation of the mechanics of co- 
factor binding and amino acid residues that are critical 
for hydrogen transfer awaits crystallographic analysis 
and study of enzymatic activity after site-directed mu- 
tagenesis. 

Identification and comparison of steroid-binding do- 
mains for several steroid-converting enzymes with the 
use of affinity labeling with substrate derivatives have 
suggested similarities in the presumed active sites of 
these enzymes.'* © However, specific characteristics of 


these active sites and the importance of individual 
amino acids within the sites (e.g., histidine or cysteine 
residues) have yet to be elucidated. The technique of 
gene modificatior. combined with existing affinity la- 
beling technology now offers an opportunity to study 
the comparative biologic features of normal and mod- 
ified active sites and thus the function of specific amino 
acids and steric influences in the mechanism of steroid 
conversion. 

This work conirms the sequence of the substrate 
binding domain elucidated by Warren et al.° and places 
its location in the first half of the molecule’s carboxy ` 
terminal portion. This location is analogous to the lo- 
cations of the substrate binding regions of other nic- 
otinamide adenine dinucleotide—dependent dehydro- 
genases. We presume this region includes those amino 
acid residues that are responsible for catalytic hydrogen 


_ ion transfer at the D ring of the steroid substrate. Mu- 


tagenesis in this region, accompanied by studies with 
derivatized substrate, offers the opportunity to deter- 
mine which residues are required for the catalytic event 
and the molecular mechanisms involved in their par- 
ticipation. ‘ 

Although the techniques of cDNA cloning and se- 
quencing and gene modification have been popular . 
tools for the evaluation of proteins and hormones for 
a decade, their use as investigative tools for the class of 
pyridine nucleotide—dependent dehydrogenases has 
been limited. The steroid dehydrogenases offer a 
unique opportunity to study structure-function rela- 
tionships because of our ability to combine probes of 
active site topography (using the tool of alkylation 
with derivatized substrate) with genetically modified 
point changes in amino acids located at the enzyme’s 
active site. In the future we hope to isolate a full- 
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length cDNA, which will allow us to sequence the 
remaining coding region of the molecule and its un- 
translated 5'-region. We also hope to use the clone to 
identify the bidlogic concomitants of 176-estradiol de- 
hydrogenase expression and to transfect 17B-éstradiol 
dehydrogenase—bearing plasmid into prokaryotic and 
eukaryotic expression vectors to explore structure- 
function relationships of the molecule through the 
techniques of site-directed mutagenesis and affinity al- 
kylation with derivatized, substrates. Kinetic and crys- 
tallographic study of the high-quantity, homogeneous 
material produced by transformed cell lines is a first 
step in thé understanding and possible modification of 
the role-of estrogen in clinical conditions characterized 
by abnormal labor. 
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Molecular scanning of Yq11 (interval 6) in men with 


Sertoli-cell- -only syndrome 


Mark D. Johnson, MD; Sandra P. T. Tho, MD, Ali Behzadian, PhD,** and 


Paul G. McDonough, MD* 
Augusia, Georgia 


Data suggesting that probes pDP105/B and 50f2/C,E may identify sequences on distal Yq11 (interval 6) 
that are critical for spermatogenesis stimulated a study of this region by means of these two probes in 
azoospermic 46,XY men with biopsy-proved Sertoli-cell-only. syridrome. Deoxyribonucleic acid samples 
from controls and study subjects were digested with the restriction enzymes Taql, EcoRI, and BamHI. 
These samples were blotted and hybridized with pDP105/B, 50f2/C,E, and two more proximal Yq11 
probes 4B-2 and pAS1. The sequence hydridizing to 50f2/C was absent in one study subject. No 
deletions were detected with pDP105/B and the two more proximal probes. (AM J OBSTET GYNECOL 


1989;161:1732-7.) 
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Spermatogenesis is one of the most complicated and 
poorly understood differentiation processes in higher 
eukaryotes.’ Genes on the Y chromosome that regulate 
spermatogenesis are highly conserved in evolution 
from Drosophila through mouse to man. Chromosomal 
deletions and rearrangements in the Yq11 region of 
azoospermic men with germ cell aplasia (Sertoli-cell- 


only syndrome) and maturation arrest. suggest that se-, 


quences critical for spermatogenesis are present within 
the YqI1 region.”" 

An ordinal mapping of the human Y chromosome 
by Vergnaud et al.ê has divided it into seven deletion 
intervals with each interval being defined by hybridi- 
zation of contained dexoyribonucleic (DNA) restriction 
fragments with specific probes. On the basis of Yq dele- 
tions, intervals 5, 6, and 7 are assigned to Yq with dele- 
zion interval 6 defining a region of distal Yq11.° A mo- 
lecular deletion of distal Yq11 (interval 6) was repor ted 
in a 45,X,14p+[45,X,t(¥;14)] azoospermic man with 
biopsy-proved germ cell aplasia (Sertoli-cell-only syn- 
drome)® and an azoospermic 45,X, 15p+[45, X,t(Y; 15)] 
man without histologic diagnosis’ by means of interval 
6—specific probes pDP105/B and 50f2/C,E. These two 
probes distinguished fertile men from some infertile 
azoospermic men. On the basis of these data, Anders- 
son et al. hypothesized that DNA sequences critical for 
spermatogenesis are located on distal Yql1 within in- 
terval 6. 
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The present study screened’ for molecular deletions 
in distal Yql1 (interval 6) in cytogenetically intact 
46,XY men with germ cell aplasia (Sertoli-cell-only syn- 
drome) using probes pDP105/B*° and 50f2/C,E.® Two 
other probes, 4B-2° and pAS1,'° screened for the in- 
tegrity of Yql1 sequences proximal to interval 6. 


Material and methods 


The methods used in this study had prior approval 
of the Human Assurance Committee of the Medical 
College of Georgia. 

Study subjects. Six azoospermic men with normal G- 
banded 46,XY karyotypes and biopsy-proved germ cell 
aplasia (Sertoli-cell-only syndrome) were enrolled in 
this study. The study subjects were from 24 to 44 years 
old and had no history of significant chronic medical 
illnesses, previous genital injury, infection, or orchitis, 
toxic environmental exposures; or urologic surgical 
procedures before biopsy and vasography. Physical 
examination revealed a nornial male phenotype with- 
out evidence of anomalous genitalia or gynecomastia. 
Testes were in the normal range for volume and con- 
sistency in four patients; two individuals had smaller 
than normal testes. Serum testosterone levels were 
within thé normal range except for one individual with 
a mildly. decreased level (testosterone = 316 ng/dl). 
Luteinizing hormone levels ranged from 3.3 to 21.5 
mIU/ml. Follicle-stimulating hormone levels ranged 
from 14.8 to 40.6 mIU/ml, the last value being elevated 
in only one individual. Semen analyses were all azo- 
ospermic at the time of biopsy with normal seminal 
volumes. Vasography revealed intact ducta! systems in 
all individuals. Bilateral testicular biopsies were done 
in all individuals except for one. 

DNA probes. Probe pDPI05(DYZ4) is a 5.5 kb 
HindIII genomic fragment inserted into the HindIII 
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site of pUC13. It detects multiple Y-specific sequences 
in deletion interval 3 on Yp (pDP105/A) and in interval 
6 on distal Yq11 (pDP105/B) (Page DC, personal com- 
munication). A 5.2 kb TagI fragment (pDP105/B) is a 
marker for deletion interval 6.’ 

Probe 50f2* is a 1.7 kb EcoRI fragment from a Y- 
chromosome library inserted into the EcoRI site of plas- 
mid pBR322. It defines five Y-specific EcoRI loci and 
one autosomal locus. It detects EcoRI fragments of 10 
kb (50f£2/A) and 7.5 kb (50£2/B) in deletion interval 3 
on Yp. Probes 50f2/C and 50f2/E hybridize with EcoRI 
fragments of 6 and 1.7 kb, respectively, in deletion 
interval 6 of distal Yql 1. The 50f2/D probe is a marker 
for an EcoRI 4.5 kb centromeric fragment. The auto- 
somal locus is defined by an EcoRI 2.4 kb fragment.’ 

Probe 4B-2 (DYZ-15) is a recombinant phage con- 
struct developed from a Y-DNA library inserted into 
plasmid pBR322 at the EcoRI site. It contains a 3.3 kb 
EcoRI fragment that maps to the subcentromeric por- 
tion of YqI1 distal to the pASI sequence." 

Probe pAS] represents an arginosuccinate synthetase 
pseudogene and is a 1.55 kb sequence constructed from 
acomplementary DNA library inserted into the plasmid 
pBR322 at the Pst I site. It detects a 4.3 kb EcoRI frag- 
ment and a 2.45 kb BamHI sequence, both of which 
map to Ycen-Yql11. 

These recombinant plasmids were amplified and iso- 
lated by conventional methods." The corresponding 
inserts were released from their vectors by restriction 
digests with the HindIII, EcoRI, and Pst] enzymes, 
respectively. They were purified by electrophoresis, 
phenol extraction, and ethanol precipitation. Before 
hybridization the DNA probes were labeled with phos- 
phorus 32 by oligonucleotide random priming (Amer- 
sham International pic, Amersham, United Kingdom) 
to a high specific activity of 10° cpm/wg DNA." 

DNA analysis. Genomic DNA from the six study 
subjects, two normal fertile control men, and two nor- 
mal control women, was digested with the restriction 
enzymes TaqI, EcoRI, and BamHI. Samples of 10 ug 
DNA per well were electrophoresed in 0.8% high- 
melting-point agarose gels. DNA was transferred to 
Gene Screen Plus (New England Nuclear Research 
Products, Boston) by methods described by Southern" 
and baked in a vacuum for 2 hours at 80° C. 

Transferred Taq1 digests were hybridized with “P- 
labeled pDP105. EcoRI blots were separately hybridized 
with “P-labeled 50f2 and 4B-2 probes. The “P-labeled 
pASI probe was hybridized with separate EcoRI and 
BamHI blots. All hybridizations were performed at 

° C for 2 days’ duration. 

The pDP105, 4B-2, and pAS1 hybridized blots were 
washed at high-stringency conditions at 65° C with de- 
creasing concentrations of sodium chloride—sodium ci- 
trate (2 x SSC to 0.1 x SSC) and 1% sodium dodecyl 
sulfate. The 50f2 hybridized blots were washed at 
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Fig. 1. Probe 50f2 hybridization with a Yqll-specific 6 kb 
EcoRI sequence (50f2/C) and a Yqll-specific 1.7 kb EcoRI 
sequence (50f2/E). Lane CF is DNA from a control woman. 
Lane CM is DNA from a fertile control man. Lanes / to 5 are 
DNA from men with Sertoli-cell-only syndrome. 





moderate-stringency conditions at 65° C with 2 x SSC 
and 1% sodium dodecyl sulfate. Autoradiographs were 
exposed at — 80° C with intensifying screens from 1 to 
4 days on Kodak XAR-5 film (Eastman Kodak Com- 
pany, Rochester, N.Y.). 


Results 


DNA from the azoospermic study subjects with germ 
cell aplasia (Sertoli-cell-only syndrome) was contrasted 
with DNA from normal fertile control men and normal 
control women. Analyses with 50f2/C,E were per- 
formed on only five of the six subjects since one azo- 
ospermic individual withdrew from the study. Probing 
distal Yq11 (interval 6) with 50f£2/C,E in five azoosper- 
mic study subjects revealed absence of the EcoRI 6 kb 
50f2/C band in only one individual (Fig. 1, lane 2). All 
other Y-specific bands and one autosomal band were 
present in the remaining azoospermic individuals and 
control men. The EcoRI 2.4 kb autosomal band was 
present at very low intensity in the control woman. 

Six azoospermic men with Sertoli-cell-only syndrome 
and the normal fertile control men were studied with 
pDP105/B and exhibited the TaqI 5.2 kb band specific 
for distal Yq11 (interval 6) when hybridized with probe 
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Fig. 2. Probe pDP105 hybridization with a Yq] l-specific 5.2 kb Taql sequence (pDP105/B) and a 
Yp-specific 2.5 kb Tag sequence (pDP105/A). Lane CF is DNA from a control woman. Lane CM 
is DNA froma fertile control man. Lanes / to 6 are DNA from men with Sertoli-cell-only syndrome. 
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pDP105/B (Fig. 2). The same six study subjects and 
normal control men showed the presence of EcoRI 3.3 
kb (Fig. 3), EcoRI 4.3 kb (Fig. 4), and BamHI 2.45 kb 
(Fig. 5) Yql 1-specific bands when hybridized with their 
respective probes 4B-2 and pAS1. These Yq! l-specific 
hybridization bands were not seen in the DNA from 
the normal control woman. 


Comment 

This preliminary molecular scan of cytogenetically 
intact 46,XY men with biopsy-proved germ cell aplasia 
(Sertoli-cell-only syndrome) identified one individual 
(Fig. 1, lane 2) with absence of the EcoRI 6 kb 50f2/C 
band specific for distal Yq11 (interval 6). The signifi- 
cance of the absent 50f2/C band in this azoospermic 
individual awaits analysis of family members to confirm 
either a polymorphism or a de novo deletion. The re- 
maining azoospermic subjects and fertile control men 
had the 50f2/C,E sequences present. Further scanning 
of Yq11 in these azoospermic study subjects and fertile 
control men with interval 6—specific pDP105/B and 
other probes (4B-2 and pAS1) that hybridize to more 
proximal regions of Yq11 revealed conservation of all 
intact sequences without evidence of deletion. As noted 
in Figs. 2 to 5, the probes pDP105/B, 4B-2, and pAS1 
hybridized with Yq] I-specific 5.2kb TagqI, 3.3 kb EcoRI, 
4.3 kb EcoRI, and 2.45 kb BamHI sequences, respec- 
tively. 


Cytogenetic and molecular evidence in the study of 


mutations in Drosophila, mouse, and man supports the 
hypothesis that the deletion of certain Y-DNA se- 
quences results in aberrant spermatogenesis. 


Genetic loci on the Y chromosome of Drosophila re- 
sponsible for spermatogenesis have been recognized 
for many years. Brosseau" studied X-irradiated male 
sterile D. melanogaster mutants. By using a marked Y 
chromosome for complementation tests, he defined 
seven fertility genes. His genetic map of the Y chro- 
mosome described two genes on the Y short arm and 
five genes on the Y long arm." Hardy et al.” produced 
deletions of specific male fertility loci in D. melanogaster 
and correlated specific anatomic lesions in spermato- 
genic cell development with segmental Y-chromosome 
deficiencies." 

In mice, as in humans, the presence of spermato- 
genesis genes on the Y chromosome has been based on 
the study of sterile mutants. Intriguing evidence has 
accumulated from the study of sex-reversed XO males 
and associated variant strains.'*'* In classic Sxr mutants 
a small segment of the Y-chromosome-containing testis 
determinants and H-Y antigen expression determi- 
nants is meiotically transferred to the X chromosome, 
thereby creating sex-reversed mice.'*' Adult XO,Sxr 
male mice have normal-sized testes with all stages of 
spermatogenesis but are sterile because of defective 
meiotic divisions postulated to result from the ab- 
sence of the Y chromosome and abnormal pairing in 
meiosis. '" 

Sxr’ is another Sxr mutant, which carries Y- 
chromosome testicular determinants but does not carry 
H-Y antigen expression determinants.” Adult, XO,Sxr' 
mice are H-Y antigen negative by T-cell-restricted assay 
and have severely decreased spermatogonia with severe 
impairment of developmental stages before meiosis.'* 
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Fig. 3. Probe 4B-2 hybridization with a Yql l-specific 3.3 kb EcoRI sequence. Lane CF is DNA from 
a control woman. Lane CM is DNA from a fertile control man. Lanes 7 to 6 are DNA from men 
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Fig. 4. Probe pAS1 hybridization with a Yq1 -specific 4.3 kb EcoRI sequence. Lane CF is DNA from 
a control woman. Lane CM is DNA from a fertile control man. Lanes / to 6 are DNA from men 


with Sertoli-cell-only syndrome. 


The premeiotic defect in spermatogenesis seen in these 
XO,Sxr’ mice contrasts with the abnormal meiotic di- 
visions in spermatogenesis seen in adult XO,Sxr males 
with H-Y antigen expression. Burgoyne et al. hy- 
pothesized that H-Y antigen may be a product of a 
“spermatogenesis” gene; however, it is possible that 
there are separate genes for spermatogenesis and H-Y 
antigen expression that are closely linked. This work 
by Burgoyne etal. with the Sxr’ variant clearly separates 


the genetic loci for Tdy and H-Y antigen and suggests 
that the protein encoded by H-Y antigen may be in- 
volved in the regulation of spermatogenesis. ™ '* 
Some humans with azoospermia have associated ab- 
normalities of the Y chromosome. In 1976, Tiepolo and 
Zuffardi? reported on six azoospermic men with a distal 
deletion of Yq11. On the basis of these six azoospermic 
men, as well as two cases of ring Y chromosome with 
loss of Yq12 and part of Yq11, Tiepolo and Zuffardi? 
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Fig. 5. Probe pAS1 hybridization with a Yql l-specific 2.45 kb 
BamHI sequence. Lanes CM are DNA from fertile control 
men. Lanes CF are DNA from control women. Lanes / to 6 
are DNA from men with Sertoli-cell-only syndrome. 


proposed the presence of spermatogenesis-controlling 
factors at the distal portion of Yql 1. Numerous reports 
of men with similar deletions of distal Yql1 and azo- 


20- 


ospermia are in the literature.™" ™= Several azoosper- 
mic men with ring Y chromosomes [46,X,r(Y) and 
45,X/46,X,r(Y)] also have been reported.' 

Germ cell aplasia (Sertoli-cell-only syndrome) is a fre- 
quent histopathologic diagnosis in azoospermic men 
with absence of the distal Yql1 region. Six of nine 
azoospermic men with cytogenetic deletions of the dis- 
tal Yql1-Yql2 region and three of five azoospermic 
men with r(Y) had histopathologic diagnoses of germ 
cell aplasia; the remainder had presumptive evidence 
of this diagnosis. *?°°** 

Recent molecular studies support the concept that 
sequences critical for spermatogenesis are present on 
distal Yql1 and that deletion of some or all of the 
sequences can result in extreme conditions such as 
germ cell aplasia (Sertoli-cell-only syndrome). As de- 
scribed earlier, Andersson et al.’ and Gal et al.’ reported 
on two separate azoospermic individuals with molecular 
deletions of distal Yq11 (interval 6). The azoospermic 
individual described in the former study had germ cell 
aplasia (Sertoli-cell-only syndrome) whereas the azo- 
ospermic individual in the latter study lacked a histo- 
logic diagnosis. Chandley et al.” described an azoosper- 
mic man with Yq deletion involving loss of interval 6 
that was confirmed by absence of hybridization with 
pDP105/B. The individual has advanced tubular hy- 
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alinization in both testes with minimal germ cell ele- 
ments. 

Probing distal Yq! (interval 6) with 50f2/C,E and 
pDP105/B and scanning more proximal Yq11 with 4B- 
2 and pASI screened only finite sequences of several- 
kilobase lengths within Yq11. It is apparent from these 
data that further investigation of the potential role of 
Yql1 deletions in spermatogenesis requires scanning 
with more Yql1 DNA probes and probing much larger 
DNA segments of YqI1 fractionated by pulsed-field 
gel electrophoresis. These techniques will enable us to 
identify starting points for restriction site mapping of 
this macroregion of DNA and subsequently assist in 
characterizing DNA sequences critical in spermato- 
genesis. 


We acknowledge Dr. David Page for providing probe 
pDP105, Dr. Jean Weissenbach for providing probe 
50f2, Dr. Kirby Smith for providing probe 4B-2, and 
Dr. Arthur Beaudet for providing probe pASI. We 
thank Dr. ] Rogers Byrd for his support in cytogenetics. 
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Steroid biosynthesis in the Sertoli-Leydig cell tumor: Effects 
of insulin and luteinizing hormone 


Manubai Nagamani, MD, Charles A. Stuart, MD, and Tung Van Dinh, MD 


Galveston, Texas 


In vitro steroid production by a virilizing Sertoli-Leydig cell tumor of the ovary was studied. For comparison, 
stromal tissue from the opposite normal ovary was also incubated under similar conditions. The tumor 
fragments secreted significantly more testosterone (527 + 168 versus 48 + 29 pg/mg tissue, p < 0.001), 
androstenedione (1188 + 400 versus 40 + 10 pg/mg tissue, p < 0.001), and dehydroepiandrosterone 
(419 + 132 versus 73 + 25 pg/mg tissue, p < 0.004) than that of normal ovarian stroma. Measurement 
of steroids in the ovarian venous serum draining the tumor indicated a peripheral ovarian gradient for both 
A‘ and Aê steroids. Incubation of tumor fragments with luteinizing hormone alone resulted in a significant 
increase in the secretion of androstenedione and dehydroepiandrosterone (p < 0.05). Addition of insulin to 
luteinizing hormone resulted in significantly greater release of androstenedione than that of treatment with 
luteinizing hormone alone (p < 0.04). Addition of insulin had no effect on the release of 
dehydroepiandrosterone. Luteinizing hormone and insulin, either alone or in combination, failed to produce 
any change in the secretion of testosterone. We conclude that (1) increased testosterone secretion by 
Sertoli-Leydig cell tumor resulted from increased availability of precursors from both A* and A® pathways; 
(2) the tumor was responsive to luteinizing hormone with an increase in the secretion of androstenedione 
and dehydroepiandrosterone; (3) insulin acts synergistically with luteinizing hormone to increase secretion 
of androstenedione; (4) the tumor has specific binding sites for insulin; and (5) the increased levels of 
insulin and luteinizing hormone in polycystic ovarian disease may play a role in the pathogenesis of 


Sertoli-Leydig cell tumor. (Am J OssTet GYNECOL 1989;161:1738-43.) 


Key words: Arrhenoblastoma, insulin receptors, steroid biosynthesis 


Sertoli-Leydig cell tumors, or arrhenoblastomas, are 
sex-cord stromal tumors of the ovary with testicular- 
directed differentiation.' Testosterone is the principal 
androgen secreted by these tumors, which are usually 
discovered during the investigation of androgen excess 
as manifested by masculinization, hirsutism, and amen- 
orrhea. Opportunities to study the steroid biosynthesis 
in these tumors have been limited because of their rar- 
ity. Study of their pattern of steroidogenesis will help 
to identify their origin. Predominance of a A* pathway 
of steroidogenesis indicates stromal cell origin of the 
tumor, whereas predominance of the A? pathway in- 
dicates Leydig cell origin. Ullery’ has speculated that 
the arrhenoblastoma may be derived from male cells 
that persist in the medullary portion of the ovary. The 
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histogenesis of these tumors is not known. Sertoli- 
Leydig cell tumors have been reported in women with 
polycystic ovarian disease.*” It is possible that the levels 
of constantly elevated luteinizing hormone (LH) or hy- 
perinsulinism that are present in polycystic ovarian dis- 
ease play a role in the pathogenesis of Sertoli-Leydig 
cell tumors of the ovary. 

We undertook this study to invesugate (1) the path- 
way of steroid biosynthesis in the Sertoli-Leydig cell 
tumors by in vitro and in vivo studies; (2) the effect of 
LH and insulin on in vitro steroidogenesis by the tumor 
tissue, and (3) whether the tumor has specific binding 
sites for insulin. 


Material and methods 

Patient. The patient was a 44-year-old nulliparous 
woman with a 10-year history of amenorrhea and pro- 
gressive hirsutism because of which she had to shave 
daily. Her cycles had been irregular from menarche at 
age 12. She also had undergone deepening of her voice, 
temporal balding, and decrease in breast size. 

Physical examination revealed a severely hirsute 
obese woman with male body habitus. She weighed 220 
pounds and was 5 feet 1 inch tall. There was coarse 
dark hair on her face, chest, and abdomen and marked 
temporal balding. The clitoris was enlarged to 1 cm in 


Volume 161 
Number 6, Part 1 


Steroid biosynthesis in Sertoli-Leydig cell tumor 1739 





Fig. 1. Microscopic sections of tumor show tubules and prominent interstitial cells. 


diameter. Pelvic and ultrasonographic examinations re- 
vealed an enlarged right ovary (6.5 X 4 cm); the left 
ovary was within normal limits. 

The patient’s serum testosterone level was 420 
ng/dl (normal, 30 to 100 ng/dl), dehydroepiandroste- 
rone (DHEA) sulfate was 350 ng/ml (normal, 500 
to 3000 ng/ml), LH was 19 mIU/ml, and follicle- 
stimulating hormone was 10 mIU/ml. An oral glucose 
tolerance test (GTT) with insulin levels showed a fasting 
insulin level of 33 wU/ml (normal, 5 to 22 U/ml). 
Insulin response to the oral GTT was increased, but 
glucose levels were normal. Insulin level | hour after 
glucose administration was 310 ~U/ml (normal, 20 to 
95 wU/ml); at 2 hours, 215 wU/ml (normal, 10 to 50 
U/ml); and, at 3 hours, 146 wU/ml (normal, 3 to 22 
U/ml). 

At laparotomy, the right ovary was 7 X 4 X 2 cm. A 
total abdominal hysterectomy with bilateral salpingo- 
oophorectomy was performed. Simultaneous blood 
samples were obtained from the ovarian and peripheral 
veins at the time of surgery. Histologic examination 
revealed a well-differentiated Sertoli-Leydig cell tumor 
of the right ovary. The tumor comprised two major 
components: small tubules that were lined by a single 
layer of cells with acidophilic cytoplasm and a prolif- 
eration of interstitial Leydig cells (Fig. 1). There was 
evidence of polycystic ovarian disease in the left ovary 
and there were nests of luteinized thecal cells in the 
stroma. The uterus was normal in size; the endome- 
trium was weakly proliferative and showed mild ade- 
nomatous hyperplasia and focal dysplastic changes. Six 
weeks after surgery, the patient’s testosterone level was 
35 ng/dl. 


Tissue culture. Immediately after oophorectomy, a 
portion of the tissue removed from the center of the 
tumor was placed in the incubation medium. Under 
sterile techniques the tissue was sectioned into pieces 
<2 mm in diameter. All dissections were performed 
under a laminar flow hood. A portion of the tumor 
tissue (about 100 mg) was frozen to assess basal steroid 
content. About 100 mg of tissue was placed with 2 ml 
of medium in six-well tissue culture plates (Falcon, 
Becton-Dickinson, Rutherford, N. J.). The culture 
plates were incubated at 37° C in 5% carbon dioxide in 
air. For comparison, stromal tissue obtained from the 
left ovary immediately after its removal was incubated 
under similar conditions. Dissections of this ovary were 
carefully performed to obtain only the stromal tissue 
and to exclude thecal tissue and follicles. 

All sections from the tumor were incubated either in 
medium alone or in medium to which was added LH 
at 50 ng/ml, insulin at 500 ng/ml, or a combination of 
the two. These amounts of LH and insulin were selected 
on the basis of previous dose-response studies reported 
in experiments with the ovarian stroma.” * All incuba- 
tions were done in quadruplicate. Because of a lack of 
tissue, the stroma from the left ovary was incubated 
with only incubation medium and no experiments were 
performed with LH or insulin. After a 4-hour incu- 
bation the medium was removed from each well and 
stored at — 72°C until analysis. The tissue sections from 
each well were weighed at this time, fixed in 10% for- 
malin, and examined histologically with hematoxylin 
and eosin stain. Tissue fragments were found to be 
viable with intact cell membranes and the nuclei at the 
end of incubation. 
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Fig. 2. Testosterone (T) androstenedione (A), and dehydro- 
epiandrosterone (DHEA) production in vitro by ovarian 
stromal tissue from left ovary and by Sertoli-Leydig cell tumor 
(mean + SD; n = 4). Asterisk, p< 0.001; double asterisks, p< 
0.004. 


of 


Incubation medium. McCoy’s 5a medium with 5% 
newborn calf serum, penicillin (100 U/ml), strepto- 
mycin (100 pg/ml) and L-glutamine (0.29 mg/ml), was 
used as the medium for all incubations. All media were 
bubbled in 95% oxygen and sterilized through 0.2 and 
0.45 um filters before use. 

Human LH was obtained from the National Hor- 
mone and Pituitary Program and human insulin was 
obtained from Eli Lilly & Co. (Indianapolis, Ind.). 
McCoy’s 5a medium and calf serum were supplied by 
Gibco (Grand Island, N. Y.). The newborn calf serum 
did not have detectable levels of LH or insulin. 

Studies of insulin binding in the tumor tissue and in 
the ovarian stroma from 11 normal premenopausal 
women were performed in accordance with procedures 
described previously.” '’ Serum insulin levels were mea- 
sured in duplicate by double antibody radioimmuno- 
assay (RIA) as previously described." '' All steroids 
were measured by RIA after fractionation by Celite 
column chromatography as described elsewhere.'* ™ 
Serum or incubation medium was extracted three times 


with three volumes of ether after tritiated tracers were 
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Fig. 3. Effects of LH and insulin on mean (+SD; n = 4) tes- 
tosterone, androstenedione, and DHEA production by Sertoli- 
Leydig cell tumor tissue in vitro. ZM, Incubation medium (con- 
trol); LH, LH 50 ng/ml; /, insulin 500 ng/ml; LH + 7, LH 50 
ng/ml and insulin 500 ng/ml. Asterisk, p < 0.05; double asterisks, 
p < 0.002 (compared with control); dagger, p < 0.04 (com- 
pared with LH alone). For testosterone, the F ratio was 1.29;2 
(not significant). 


added for recovery calculations. Extracts were dried 
under nitrogen and subjected to chromatography on 
micro-Celite columns. The various fractions were col- 
lected, dried under nitrogen, and reconstituted with 
assay buffer. Different volumes were used in the assay 
and 0.1 ml was used for recovery calculations. All the 
steroids were measured by specific RIAs as previously 
described.'® © Recoveries ranged from 70% to 90%. 
DHEA sulfate was measured by direct RIA. 

Steroid secretion by the control ovary and the tumor 
tissue was compared by the Student? test after log trans- 
formation of the data to stabilize heterogenous vari- 
ances. Steroid production by the tumor tissue under 
control and different experimental conditions were 
compared by one-way analysis of variance. 


Results 

The basal steroid content of the tumor tissue was <5 
pg/mg of tissue for all steroids, and the stroma from 
the left ovary contained <1 pg of steroids per milligram 
tissue. When incubated for 4 hours, the tumor tissue 
secreted significantly more testosterone [527 + 168 
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Fig. 4. Insulin binding to membranes from Sertoli-Leydig cell tumor and normal premenopausal 
ovarian stroma (2 = 11). Shown are mean (+SE) for studies in normal ovarian stroma. Tumor data 
points represent means of triplicate determinations. /nset shows Scatchard analysis of same data 


shown in competition curves. 


Table I. Peripheral and ovarian vein concentrations of steroids (pg/ml) 








Peripheral vein 


©- (patient) 





Steroid 





Progesterone -. 7,407 
170HP 955 
17OHA®P 13,000 
DHEA 10,105 
Androstenedione 3,325 
Testosterone 4,337 
Dihydrotestosterone 92 
DHEA sulfate (ng/ml) 350 
178-Estradiol _ 26 


"Right ovarian 
vein (tumor) 

















Normal women 
(peripheral vein) 


Left ovarian 
vein 









24,246 5,915 100-350 
80,000 16,941 100-300 
110,000 — 1,500-10,000 
69,444 3,550 1,600-7,000 
66,000 ` 7,188 340-1,650 
43,956 6,190 500-900 
290 . 62 30-220 
380 300 500-3,000 
1,113 51 50-200 





(+SD) versus 48 + 29 pg/mg tissue, p < 0.001], an- 
drostenedione (1188 + 400 versus 40 + 10 pg/mg tis- 
sue, p < 0.001), and DHEA (419 + 132 versus 73 + 25 
pg/mg tissue, p < 0.004) than that of the ovarian 
stroma from the opposite ovary (Fig. 2). 

Incubation of tumor, fragments with LH alone re- 
sulted in a significant increase in the secretion of an- 
drostenedione (1188 + 400 versus 1482 + 483 pg/mg 
tissue, p < 0.05). The addition of insulin alone resulted 
in a small statistically insignificant increase in the se- 
cretion of androstenedione (1349 + 493 pg/mg tissue). 
The addition of LH and insulin resulted in a signifi- 
cantly greater release of androstenedione (1956 + 373 
pg/mg tissue) compared with the increase after treat- 
ment with LH alone (p < 0.04). Incubation of the tu- 


mor tissue with LH resulted in a significant increase in . 


DHEA secretion, as compared with the increase after 
incubation with medium alone (419 £ 132 versus 
626 + 219 pg/mg tissue, p < 0.05). The addition’ of 
insulin, whether alone or with LH, had no effect on 
DHEA release (Fig. 3). LH and insulin, either alone or 


in combination, failed to produce any change in tes- 
tosterone secretion. l 

Peripheral and ovarian venous steroid levels are 
shown in Table I. Peripheral levels of progesterone, 
17a-hydroxyprogesterone (170HP), 17a-hydroxy- 
pregnenolone (170HA*P), DHEA, androstenedione, 
and testosterone were increased. Levels of all these ste- 
roids were several times higher in the right ovarian 
venous serum draining the tumor than levels in the left 
ovarian venous serum. Thus there was a peripheral 
ovarian gradient for both A‘ and A’ steroids. Concen- 
trations of 17OHA°P and DHEA in the ovarian vein 
serum were relatively higher thar those of progester- 
one and 17OHP. Although peripheral levels were in 
the normal range, 178-estradiol and dihydrotestoster- 
one concentrations in the ovarian vein serum draining 
the tumor were increased, which indicates the presence 
of minimal aromatase and 5a-reductase activity in the 
tumor. . 
_ Binding studies with insulin labeled with iodine 125 
showed the presence of specific insulin binding sites in 
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the tumor tissue. The percentage of specific total bind- 
ing of I insulin in tumor tissue was 3.7%/100 pg 
protein, which is below the normal range seen in pre- 
menopausal ovarian stroma (4.3% to 13.0%/100 ug 
protein). Fig. 4 shows the competition curves for bind- 
ing of I insulin to ovarian microsomal membranes 
prepared from ovarian stroma from 11 pr emenopausil 
women and the membranes from tumor tissue, in the 
absence and presence of unlabeled insulin at the con- 
centrations shown on the X axis, Shown are the mean 

and SE for studies in ovarian membranes from 11 pre- 
menopausal women. The tumor data points represent 
the means of triplicate determinations. The Scatchard 
plots of the high- affinity segments of the data (first five 
points) were parallel (inset of Fig. 4), which indicates 
that the difference i in insulin binding was a result of a 
difference in. the’ concentrations of receptors rather 
than differences in affinity. The affinity constants for 
the specific high-affinity insulin receptors from these 
preparations were 1.28 x 10°L/mol for the tumor and 
2.7 + 0.5 gm x 10*L/mal for the normal ovarian 
stroma. 


Comment 

There is considerable controversy about the origin 
of Sertoli arid Leydig cells in the arrhenoblastoma of 
the ovary. Inasmuch as the hilum of the normal ovary 
contains cells that resemble testicular Leydig cells, it has 
been speculated that arrhenoblastomas and hilus cell 
tumors of the ovary arise from these cells. Kurman and 
colleagues" studied the site production of testosterone 


and 178-estradiol in Sertoli-Leydig cell tumor tissue , 


with the use of immunohistochemical techniques. They 
obseryed that primitiye spindle cells, which resemble 
cells found in the.embryonic gonad, are present in 
Sertoli- -Leydig cell tumor and suggested that these cells 
could be precursors of both Sertoli and Leydig cells. 
Ultrastructural studies by Genton” suggest that the ar- 
rhenoblastoma arises from ovarian stroma. The patho- 
genesis of Sertoli- -Leydig cell tumors from thése cells is 
also not well understood. ‘An arr henoblastoma is often 
seen in association with polycystic ovarian disease as it 
was in our patient. Most patients with an arrhenoblas- 
toma have, as did our ‘patient, a long history of obesity 
and irregular menstrual cycles that preceeded the de- 
velopment of- signs of virilization. ‘6 Our patient had 
hyperinsulinemia with normal glucose levels, which in- 
dicated ‘insulin resistance. Moreover, the tumor re- 
moved from'our patient had specific binding sites for 
insulin’ and. responded ‘to insulin and LH with an in- 
crease in the release of androstenedione. Sternberg and 
colleagues” observed that the Leydig-like hilus cells of 
the ovary became more prominent and showed evi- 
dence of mitosis when treated with gonadotropins. It 
is possible that the elevated LH levels and hyperinsu- 
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linemia of polycystic ovarian disease may play a role in 
the histogenesis and development of these tumors. — 
‘Both the in vivo and in vitro studies of the tumor 
indicate that the increase in testosterone secretion re- 
sulted from increased availability of precursors from 
both the A‘ and the A* pathways. The relatively higher 
levels of 17OHA*P and DHEA in the ovarian venous 
serum, as compared with levels of progesterone and 
17OHP, indicate the predominance of the A® pathway. 
These findings are in agreement with the in vitro stud- 
ies of Maschler and colleagues who observed a de- 
creased conversion of A*P to progesterone and 17OHP 
in an arrhenoblastoma. With the use of 7*H-pregneno- 
lone as a substrate, Kase and Conrad" observed greater 
incorporation of radioactivity in DHEA than in pro- 
gesterone, and concluded that the A®-38O0H pathway 
was the predominant pathway of steroidogenesis in this 
tumor. With the use of °H-A*P and “C- -progesterone 
as substrates, YoungLai and colleagues” observed that 
arrhenoblastoma tissue used *H-A’P preferentially via 
the Aë pathway in the synthesis of androstenedione, 
which is the direct precursor of testosterone. Although 
predominance of the Aë pathway indicates a certain 
similarity between arrhenoblastoma and testicular Ley- 
dig cells, the associated increase in A‘ precursors that 
we found supports the contention of Genton and 
colleagues" that an arrhenoblastoma arises from ovar- 
ian stromal cells. We believe arrhenoblastomas have a 
dual origin and probably derive both from ovarian hilus 
cells and from steroidogenically active stromal cells. 
We found no report of previous studies in vitro of 
the effects of insulin on steroidogenesis in Sertoli- 
Leydig cell tumors. Because insulin did not affect 
DHEA secretion, it probably stimulates only the A" 
pathway of steroidogenesis. The decreased concentra- 
tion of insulin receptors in the tumor, as compared with 
concentrations in normal ovarian stroma, could be a 
result of down regulation i in response to the elevated 
insulin levels we found in our patient. Because only a 
small percentage of insulin receptors are occupied at 
insulin concentrations that have maximal biologic ef- 
fects, a decrease in receptor binding would not be ex- 
pected to change the maximal effect of insulin. a 
` Among previous studies of Sertoli- -Leydig cell tumor, 
reports on effects of LH on testosterone secretions 
in vitro are conflicting. Specific LH binding sites pave 
been demonstrated in Leydig cell tumors’of the ovary. '® 
Brunsted et al. observed that i in doses =100 mIU/ml, 
human chorionic gonadotropin failed to stimulate tes- 
tosterone secretion by a Sertoli-Leydig cell tumor 
in vitro. However, Lamberts et al.™ observed a doubling 
of testosterone secretion by dispersed Sertoli-Leydig 
cell tumor cells when 2 pg/ml of LH was added to the 
medium. It is of interest that, in our patient, there was 
no increase in testosterone secretion with LH treatment 
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but there was an :ncrease in androstenedione secretion. 
This finding could indicate that the final step of the 
synthesis of testosterone, namely the conversion of an- 
drostenedione to testosterone by 178-hydroxysteroid 
dehydrogenase, is probably not LH-dependent. Kondo 
and colleagues™ did not observe stimulation of 17B- 
hydroxysteroid Cehydrogenase activity in the hypo- 
physectomized rat ovary when treated with LH. In an- 
other study,” in vitro treatment of Xenopus follicles with 
human chorionic gonadotropin induced a 40% de- 
crease of 178-hydroxysteroid dehydrogenase activity. 
The lack of increase in testosterone secretion could also 
be a result of the limitations of the in vitro system. With 
in vitro studies, conditions and availability of cofactors 
may not be the same as in physiologic conditions 
in vivo. 

Our results indicate the following conclusions: 

1. Increased testosterone secretion by the Sertoli- 
Leydig cell tumor results from increased availability of 
precursors from both A* and A? pathways. 

2. The tumor responded to LH with an increase in 
release of androstenedione and DHEA. 

3. Insulin had no effect on DHEA release—a result 
that may indicate that insulin stimulates steroidogenesis 
in the tumor only via the A* pathway. 

4. The tumor had specific binding sites for insulin. 

5. The increased insulin and LH levels that are pres- 
ent in polycystic ovarian disease may play a role in the 
pathogenesis of Sertoli-Leydig cell tumors. 
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Fetomaternal hemorrhage— Possible cause of 

fetal distress and death 
To the Editors: 

We read with interest the article by Stafford et al. 
(Stafford PA, Biddinger PW, Zumwalt RE. Lethal 
intrauterine fetal trauma. AM J OBSTET GYNECOL 
1988; 159:485-9). In their study they concluded on the 
basis of eight cases that lethal placental or direct fetal 
injury may occur with even.minor maternal injury. In- 
deed, abruptio placentae of a severe degree may cause 
fetal death acutely and direct fetal.trauma (i.e., skull 
fracture may also result in intrauterine fetal death); 
however, the authors neglect to mention fetomaternal 
hemorrhage as a possible cause of fetal distress and 
fetal death. 

Rose et al.' found significant fetomaternal hemor- 
rhage 28% of the time in gravid women who had un- 
dergone recent trauma. Fetal death, anemia, and par- 
oxysmal atrial tachycardia occurred in the group of 
patients who had fetomaternal hemorrhage. Significant 
fetomaternal hemorrhage may also be associated with 
abruptio placentae. The degree of the fetomater- 


nal hemorrhage may be quantitated with Mollison’s 


formula.: 

We concur with Rose et al. that fetomaternal hem- 
orrhage should be assumed in all cases of maternal 
trauma. Kleihauer-Betke stains are useful in the de- 
tection of fetomaternal hemorrhage and may aid in the 
management of such cases. Lastly, let us beware that 
insignificant maternal trauma may lead to significant 
medicolegal damage as a result of unsuspected feto- 
maternal hemorrhage. 

Michael S. Cardwell, MD 
Scott W. Snyder, MD 
Department of Obstetrics and Gynecology ` 
University of Missourt-Columbia 
1 Hospital Drive - 
Columbia, MO 65212 
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Reply 
` To the Editors: 

In our article we focused on the extent of maternal, 
fetal, and placental injuries associated with motor ve- 
hicle accidents. In every case, some type of placental 
abnormality was detected, usually abruption or infarc- 


PYT) 


_ tion. We regard fetomaternal hemorrhage as a poten- 


tial complication of placental injury and.a mechanism 

for fetal distress and fetal death. Although we did not ` 

specifically discuss this mechanism, we readily acknowl- 

edge its possibility and agree that the Klethauer-Betke 

test is useful in the detection of fetomaternal hemor- 

rhage. Nevertheless, we are pleased that Drs. Cardwell 

and Snyder seem to agree with our major conclusion 

that lethal intrauterine fetal trauma can occur even 

though maternal injuries are minor or insignificant. 
Paul W. Biddinger, MD 
Patricia A. Stafford, MD 

Ross E. Zumwalt, MD 

Department of Pathology and Laboratory Medicine 

College of Medicine 

University of Cincinnati Medical Center 

Mail Location 529 

231 Bethesda Ave. 

Cincinnati, OH 45267 


Dosage and duration differences lead to 
diverse conclusions 


To the Editors: 

The very interesting article (Smarr SC, Wing R, 
Hammond MG. Effect of therapy on infertile couples 
with antisperm antibodies. AM J OBSTET GYNECOL. 
1988;158:969-73) raises some important questions. 
Their well-documented results indicate that the use of 
prednisone medication in patients who have an infer- 
tility problem and who also have shown the presence 
of sperm antibody activity, was not effective in the im- 
provement of pregnancy rates. Whereas this conclusion 


. is quite valid for the management that they used, the 


conclusion may be misleading, especially because they 
seem to be contrasting their results with the highly suc- 
cessful results that we observed with the use of corti- 
costeroid medication in such cases. Nonetheless, their 
conclusion is quite reasonable, as was ours; this differ- 


ence in efficacy is a consequence of the tremendous 


difference in dosage of the steroid and also in the du- 
ration. 

In our first report of the use of steroid for suppres- 
sion of the antibody problem,’ we suggested the use of 
96 mg per day of methylprednisolone (Medrol) for a 
period of 7 days. This was subsequently modified to be 
a repeated regimen, with the same 7-day course given 
at monthly intervals. Durations up to 6 months might 
be used. A large group was studied over several years, 
and a success rate of 44% in terms of pregnancies 
achieved was reported.’ Others also used this inter- 
mittent, high-dose method, as it became termed, with very 
satisfying results, as has been reviewed.2 However, 
Smarr et al. used a low-dose method and gave only 15 mg 
per day of the steroid prednisone for a duration =3 
months. This procedure has some similarity to the ear- 
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lier work of Hendry and his colleagues,‘ although they 
often continued their regimen (15 mg per day of pred- 
nisone) for as long as 12 months. They found that this 
method could be successful, although not as often as 
the high-dose method. It may be important to note that 
Hendry et al. were treating men, and women were 
treated in the report by Smarr et al. Nonetheless, there 
may be some importance in a treatment duration longer 
than 3 months. 

We also must consider the methods for the detection 
of sperm antibody. Smarr et al. have used a particular 
method of passive hemagglutination’ and a method of 
cytotoxicity, both developed by Mathur and colleagues. 
Whereas these methods may be reasonable and useful, 
most of the earlier work has been done with the stan- 
dard methods of sperm agglutination. There has not 
been any extensive comparison between these two 
groups of methods, All these methods have been ex- 
tensively reviewed and described.” * I urge that future 
studies in the detection of this antibody activity be done 
with the well-established agglutination techniques to 
allow comparison with the former findings. 

I should also comment on the value of the aggluti- 
nation techniques. If these are properly done with re- 
gard to serum dilution levels, control sera, length of 
incubation, nature of the reading for minimal reactiv- 
ity, and repetitions of each test, they have proved to be 
as reliable and reproducible as any other method.° 
Smarr et al. quote Mettler et al., “Some fertile women 
have been shown to have agglutination antibodies; how- 
ever, immobilizing and cytotoxic antibodies are found 
almost exclusively in infertile couples.” However, in our 
work published in this JOURNAL many years ago,” we 
showed that very few women from fertile couples had 
agglutinating antibody and these were at low titers, 
whereas a much higher number of infertile women 
showed this activity and at higher titers. 

Smarr et al. also quote Hekman and Rümke,” “Ag- 
glutination assays are less specific in that many factors 
other than antibodies ...are known to cause sperm 
agglutination.” This philosophic concept should also be 
laid to rest as being rather unlikely in the vast majority 
of serum studies because there are, in fact, low inci- 
dences of positive results when sera from fertile indi- 
viduals are tested; it would be difficult to see why the 
perturbing and nonspecific factors should only occur 
in sera from people afflicted with infertility. 

Sidney Shulman, PhD 
Sperm Antibody Laboratory 
Fertility Antibody Diagnostics, Inc. ` 
945 West End Ave. 
New York, NY 10025 ° 
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Reply 
To the Editors: ` 

I would like to respond to Dr. Shulman’s insightful 
comments with regard to our article on treatment of 
antisperm antibodies. Dr. Shulman has raised several 
important questions with regard to the diagnosis and 
treatment of sperm antibody related infertility. 

The first question has to do with the appropriate 
assessment of the results of treatment. In our article 
we report pregnancy rates that varied between 32% and 
48% for patients who received prednisone or other 
forms of treatment, excluding in vitro fertilization. This 
“pregnancy rate” is a raw pregnancy rate that deter- 
mines the number of patients who conceived but does 
not introduce a factor of time. Dr. Shulman! reports a 
similar pregnancy rate in his treatment groups, again, 
uncorrected for time, Both studies would benefit from 
life table analysis, which could report a per cycle preg- 
nancy rate and would eliminate the variable of varying 
length of treatment and length of follow-up. It is of 
interest that Dr. Shulman’s pregnancy rate is similar to 
ours but is also similar to our control group of un- 
treated patients. It is important in all studies of infer- 
tility treatment to identify and follow up a control 
group of patients who do not receive treatment to dem- 
onstrate a benefit of treatment. There is as yet no con- 
trolled study that shows benefit for methylprednisone 
therapy. ; 

The second area of concern has to do with the di- 
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agnosis of antisperm antibodies and indeed this is an 
area of active controversy. Each center has antibody 
testing procedures that they prefer. A number of meth- 
ods are used and new methods for the detection of 
antibodies appear on a regular basis. It is difficult to 
make a case that one method is better than another. It 
is most important that the method selected be ade- 
quately standardized with local normal populations and 


E performed with care. One of the difficulties in the eval- 


uation of the literature is the fact that no center per- 
forms all tests; thus comparison of titers and test results 
is not possible. 

Apparently it was not clear from our article that we 
treated both male and female partners in our study, 
treating whichever partner was antibody positive, How- 
ever, the data were not divided along these lines. 

To clarify our statement that agglutinating assays are 
less specific because of other factors that cause positive 
sperm agglutination, we refer only to seminal plasma. 
Males with infections will frequently have positive an- 
tibody titers in the semen. 

I hope that our article and this discussion will stim- 
ulate others to design appropriate evaluation of anti- 
sperm antibody treatments that involve the use of a 
control group, either a well-standardized and widely 


used assay or multiple antisperm antibody assays, and | 


life table analysis of the results. 
Mary G. Hammond, MD 
- Department of Obstetrics and Gynecology 
- Old Clinic Building 226-H 
The University of North Carolina at Chapel Hill 
Chapel Hill, NC 27514 
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To the Editors: 

I read with interest the article by Wilkins et al. (Wil- 
kins IA, Lynch L, Mehalek K, Berkowitz GS, Berkowitz 
RL. Efficacy and side effects of magnesium sulfate and 
ritodrine as tocolytic agents. AM J OBSTET GYNECOL 
1988; 159:685-9). The authors attempt to assess the rel- 
ative efficacy and side effects of these two agents (given 
alone or in combination). I have a specific question with 
regard to the number of patients presented in Tables 
‘UI and IV. In Table IV, the “Total no. of patients 
receiving drugs” in the magnesium sulfate category is 
listed as 70. However, if the number of patients listed 
in Table II (n = 66) and the number of patients who 
received magnesium sulfate as a second-line drug in 
Table II] (n = 6) are combined, the total number 
should be 72. Similarly, the total number of patients 
who received both drugs intravenously in Table IV is 
listed as 13. However, from Table III, the total number 
of patients who received both drugs together intrave- 
nously should be 11. It would be very helpful if the 
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authors would clarify these discrepancies and, if nec- 
essary, re-evaluate the statistical analysis of their data, 
should the numbers reported be in error. 

Although we agree that systemic tocolysis is associ- 
ated with potentially serious side effects, our data con- 
cerning combination therapy’? do not suggest that the 
incidence of side effects from combination therapy is 
markedly different from that seen with ritodrine alone. 
Continuing experience with this type of treatment with 
the involvement of greater numbers of patients might 
answer the questions raised. 

Christos G. Hatjis, MD 
Riverside Hospital 
3535 Olentangy River Road 
Columbus, OH 43214 
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Reply 
To the Editors: 

We are greatly flattered by the close attention that 
Dr. Hatjis paid to our article. He is entirely correct that 
there is an error in Table III. Although 10 patients who 
received ritodrine therapy required second-line ther- 
apy, 4 of those received magnesium sulfate and 6 re- 
ceived both drugs together, The next column regarding 
delivery should also be reversed. All of the patients in 
both groups achieved a 48-hour delay. The remainder 
of the table is correct, as is Table IV. Because of the 
small numbers in Table III, we did not perform any 


_ Statistical analysis; therefore the remainder of our re- 


sults and the Comment section are unchanged. 

Of course, we are aware of Dr. Hatjis’ work with 
regard to combination tucolytic therapy and agree 
wholeheartedly that more work needs to be done to 
clarify this issue. 

Isabelle Wilkins, MD 
Lauren Lynch, MD 
Depariment of Obstetrics and Gynecology and 

Reproductive Science 
Mount Sinai Medical Center 
Mount Sinai School of Medicine 
One Gustave L. Levy Place 
New York, NY 10029 


Pulmonary artery agenesis 
To the Editors: 

The title of the article recently published by Stiller 
et al. (Stiller RJ, Soberman S, Turetsky A, Lockwood 
C, Haddad R. Agenesis of the pulmonary artery: An 
unusual cause of dyspnea in pregnancy. AM J OBSTET 
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GYNECOL 1988;158:172-3) attracted my attention be- 
cause I was unfamiliar with the entity of pulmonary 
artery agenesis. However, in describing their patient’s 
lesion, the authors stated that the computerized to- 
mographic scan revealed the main right pulmonary ar- 
tery and proximal descending portions to be “hypo- 
plastic” compared with the left side. The authors re- 
viewed findings in other reports of patients with 
pulmonary artery agenesis and referred to their own 
patient’s lesion as such. 
- In 1978, a working group on nomenclature pub- 
lished proposed definitions to describe abnormal bio- 
logic developmental processes.' Agenesis is defined as 
“absence of a part of the body due to an absent anlage 
(primordium)”; hypoplasia is “underdevelopment of 
normally structured and formed organism, organ or 
tissue.” The definition of agenesis is essentially the same 
in Dorland’ s Medical Dictionary, 25th edition, 1974, and 
Webster's Seventh New Collegiate Dictionary, 1972, In ad- 
dition, the references cited by Stiller et al. clearly de- 
scribe “absence” of a pulmonary artery rather than hy- 
poplasia.* * = 

Whereas other dictionaries may define agenesis 
somewhat differently, I believe that the medical com- 
munity uses the terms as defined above and that it is 
useful to maintain the distinction between agenesis and 
hypoplasia. 

Marton S. Verp, MD 

Department of Obstetrics and CURD 
The University of Chicago ` 
5841 S. Maryland Ave. 
Chicago, IL 60637 
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Other routes charted after description of 

adventurous journey of CA 125 
To the Editors: 

With great interest I read the article by Quirk et al. 
(Quirk JG, Brunson GL, Long CA, et al. CA 125 in 
tissues and amniotic fluid during pregnancy. AM J O8- 
STET GYNECOL 1988;159:644-9). I agree with the au- 
thors that the decidua is one of the sites of CA 125 
synthesis. However, to “explain the distribution of CA 
125 in maternal blood, decidua, and amniotic fluid dur- 
ing gestation” a hypothesis describing a rather adven- 
turous journey of CA 125 through the fallopian tubes 
to the peritoneal cavity is presented. This mechanism 
of tubal reflux was published earlier by others’ and 
served as an explanation for elevated serum levels dur- 
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ing menstruation. With the aforementioned hypothe- 
sis, raised maternal CA 125 concentrations that occur 
after the first trimester of gestation? can hardly be ex- 
plained. 

A wide distribution of CA 125 in benign and malig- 
nant tissues and body fluids has been reported.?* Fur- 
thermore, except in ovarian carcinoma, elevations in 
the serum of women with different benign) >° and 
malignant® ê disorders were reported. In agreement 
with Fleuren et al.’ it is concluded that in malignant 
tumors CA 125 gains access tc the circulation by a leak- 
age of the antigen. In addition, a diffusion of antigen 
from body fluids (ascites, cervical mucus, amniotic 
fluid) into veins and lymph vessels during infiltrative 
growth, inflammation, and gestation is conceivable. 

Thus elevations of CA 125 in patients with advanced 
cervical and endometrial carcinoma,’ carcinoma and 
cirrhosis of the liver,’ and pelvic inflammation? can be 
explained. Consistent with this assumption would be 
an antigen transfer into the maternal circulation from 
the amniotic fluid and the decidua. 

L. C. Fuith, MD 
Department of Obstetrics and Gynecology 
University of Innsbruck 
Anichstrasse 35 
A-6020 Innsbruck, Austria 
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Reply 
To the Editors: 

We appreciate Dr. Fuith’s thoughtful reading of our 
article and agree that during infiltrative growth and 
inflammation, CA 125 likely gains access to the circu- 
lation directly from its source. Indeed, the elevated 
levels of CA 125 found in maternal serum in the first 
trimester may simply reflect infiltrative growth of the 
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immature placenta within the decidua. The “adven- 
turous journey” that we hypothesized for CA 125 in 
pregnancy needs to be tested, but we were pleased to 
learn that Bast thinks “tubal reflux” is a possible mech- 
anism sor the rise in serum CA 125 observed during 
menses.’ 

With respect to understanding the biologic function 
of CA 125, its method of entry into the circulation is 
probably of little significance. However, we do not think 
nor do the available data support the notion that CA 
125 simply diffuses into the maternal serum from the 
amniotic fluid and the decidua. Rather, it seems that 
for most of pregnancy, CA 125 of putative decidual 
origin gains access to the amniotic Huid compartment 
and is excluded from the maternal circulation.2* Ulti- 
mately, it will be important to discover why this large- 
molecular-weight glycoprotein of decidual origin is 
found in such high concentrations in amniotic fluid 
throughout pregnancy. f 
i J. Gerald Quirk, Jr., MD, PhD 

Timothy J. O'Brien, PhD 
Department of Obstetrics and Gynecology 
University of Arkansas for Medical Sciences 
4301 W. Markham 
Mail Slot 518 
Litile Rock, AK 72205-7199 
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Perinatal death as a result of social factors 


To the Editors: t 

The perinatal death rate of normally formed infants 
at or after term pregnancy as a result of social condi- 
tions is nearly 40% in the article by Delke et al. (Delke 
I, Hyatt R, Feinkind L, Minkoff H. Avoidable causes of 
perinatal death at or after term pregnancy in an inner- 
city hospital: medical versus social. AM J OBSTET Gy- 
NECOL 1988;159:562-6), The authors conclude, “It 
would seem reasonable to assume that efforts to im- 
prove perinatal mortality rates will 'need to be played 
out in a broader arena than the hospital. Indeed, these 
efforts may be dependent on society’s willingness to 
address the problem of endemic poverty.” 

The social problems that need to be addressed go 
beyond education, which the authors also advocate, and 
elimination of poverty. Substance abuse, pregriancy in 
teenagers, multiparity much greater than three or four 
(which should satisfy the fictional parity of 2.2 required 
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for population maintenance and account for those who 
remain childless either by choice or infertility), preg- 
nancy in the single unemployed mother, pregnancy in 
the woman with chronic life-shortening disease, and 
pregnancies in others unable to provide adequate nour- 
ishment, clothing, shelter, education, and love until'the 
child reaches maturity all need to be addressed. An 
ounce of contraceptive prevention may well be worth 
far more than several pounds of a bouncing newborn 
who may survive the perinatal period only to suffer 
when growing up and be destined to repeat the cycle. 

Is it reasonable to conclude that if society has. an 
interest in addressing the problem of perinatal death 
as a result of social factors that it may as well have an 
interest, both logically and legitimately, in addressing 
the question of who gets pregnant, how often, and 
when? 

This is a personal communication of the author’s and 
is not to be construed as representing either Kaiser 
Permanente or the Southern California Permanente 
Medical Group. 

l Siaa Fribourg, MD 
Obstetrics and Gynecology Department 
Kaiser Permanente 
Southern California Permanente Medical Group 
13652 Cantara St. . 
Panorama City, CA 91402 


Reply 
To the Editors: 

We must confess to being somewhat taken aback by 
what we perceive to be the subtly laid out agenda of 
Dr. Fribourg’s letter. Hidden beneath laudable senti- 
ments about the “clothing, shelter, education, and love” 
necessary to rear children are comments that come dan- 
gerously close to having undertones of racism and social 
engineering. Society does not have a moral “interest” 
in addressing the question of who gets pregnant beyond 
empowering women to choose their family size. Once 
we develop criteria to link family size to employment . 
status and marital status, we approach the edge of a 
slippery slope that augers poorly for reproductive 
rights, 

Isaac Delke, MD 
Howard L. Minkoff, MD 
Depariment of Obstetrics and Gynecology 
State University of New York Health Sctence Center at 

Brooklyn i 

450 Clarkson Ave. 
Box 24 ` 
Brooklyn, NY 11203-2098 


Techniques differ in use of 

Doppler ultrasonography 
To the Editors: 

We are pleased that Lee et al. confirmed our findings 
that Doppler technique is an accurate means to non- 
invasively measure cardiac output in pregnancy (Lee 
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W, Rokey R, Cotton DB. Noninvasive maternal stroke 
volume and cardiac output determinations by pulsed 
Doppler echocardiography. AM J OBSTET GYNECOL 
1988;158:505-10). With growing acceptance of the 
method, a great potential exists to broaden our un- 
derstanding of hemodynamics in pregnancy. However, 
we must take exception to their criticisms of our tech- 
nique. 

Dr. Lee suggests on theoretic grounds that his 
method is superior to ours. We measure the aortic di- 
ameter with A-mode ultrasonography just distal to the 
excursion of the valve leaflets. The velocity profile is 
measured with continuous Doppler ultrasonography 
from a suprasternal window.’ Dr. Lee measures the 
aortic diameter at the valve annulus with a two- 
dimensional imaging system. He measures the velocity 
profile with pulsed Doppler ultrasonography from an 
apical five-chamber window. 

Notwithstanding theoretic concerns, the accuracy of 
a method must be determined on the basis of data. 
Although Dr. Lee’s study produced results very similar 
to ours, our regression line more closely approximates 
the ideal line, y = x. The following examples generated 
from each regressicn line demonstrate the differences: 


Cardiac output (L/min) 


Thermodilution 5.0 11.0 
Easterling et al. .. 46 11.2 


Lee et al. 4.3 12.4 


We believe that Doppler technique is the best avail- 
able noninvasive method to measure cardiac output. 
The concordance of Dr. Lee’s work with ours with the 
use of slightly different techniques should enhance the 
growing acceptance of the method. 

Thomas R. Easterling, MD 
Thomas J. Benedetti, MD 
Department of Obstetrics and Gynecology ` 
University of Washington 
Seattle, WA 98195 
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Reply 
To the Editors: 

In the process of effectively evaluating new methods 
it is often important to compare techniques with other 
reported work. Howeyer, it should not be too surprising 
that both continuous-wave Doppler and pulsed wave 
Doppler determinations of maternal stroke volume 
correlate well with thermodilution studies since this 
application has been extensively evaluated in non- 
pregnant subjects.’ In this regard, it is extremely dif- 
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ficult to imply that any particular method is clearly 
superior over other techniques because of the limited 
number of pregnant patients who have been simulta- 
neously studied by pulmonary artery catheterization. 
We do agree that Doppler ultrasonography is probably 
the best noninvasive method for the estimation of ma- 
ternal stroke volume and cardiac output. However, if 
optimal aortic waveform data cannot be obtained be- 
cause of technical reasons then one should consider a 
variety of other echocardiographic windows and Dopp- 
ler techniques. In our experience, this will depend on 
body habitus, position, patient cooperation, anatomic 
variation, and availability of appropriate instrumenta- 
tion. These factors will often determine whether a par- 
ticular Doppler technique is more effective for a given 
patient. 

There are certain advantages and limitations to both 
techniques. For example, pulsed-wave Doppler esti- 
mations of maternal stroke volume by the apical five- 
chamber window is primarily useful in the lateral 
and supine positions only. In contrast, application of 
continuous-wave Doppler through the suprasternal 
notch may be applied to several positions as recently 
demonstrated by Dr. Easterling. * Furthermore, there 
is less cost fora dedicated nonimaging continuous-wave 
Doppler system as compared with instrumentation with 
pulsed-wave Doppler capabilities. Occasionally, there 
may be difficulty with consistent acquisition of good 
quality aortic velocity waveforms by continuous- -wave 
Doppler from the suprasternal notch when compari ‘ed 


- with pulsed-wave Doppler through the apical view. 


However, these discrepancies may simply be a matter 
of technique. 

With the continuous-wave Doppler system, blood 
flow velocities are measured at all points along the path- 
way of the Doppler signal and our greatest concern 
about this technique is related to the difficulty of match- 


_ ing a corresponding section of aorta with the flow ve- 


locity waveform to calculate absolute volumetric flow. 
At our perinatal facility, we, use suprasternal notch 
continuous-wave Doppler ultr asonography to obtain 
relative changes in, stroke volume (for instance, before 
and during maternal exercise). We prefer to use the 
pulsed-wave Doppler technique to estimate absolute 


stroke volume because ‘real-time imaging of the heart 


will allow measurement of the aortic annulus at the 
specific site of Doppler interrogation and associated 
angle correction factors can also be minimized. Fur- 
thermore, the pulsed-wave Doppler sample volume can 
be specifically placed at the corresponding aortic an- 
nulus, which is the limiting orifice that is associated with 
peak velocity, laminar blood flow, and a flat spatial ve- 
locity profile. 

. Aside from these theoretic considerations, Dr. East- 
erling and colleagues have nicely demonstrated the ap- 
plication of a valuable technique to pregnancy. Pulsed- 
and continuous-wave Doppler ultrasonographic tech- 
niques should be jointly regarded as important but 
complementary adjuncts to other echocardiographic 
methods (e.g., two-dimensional, M-mode) that can be 
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used to noninvasively evaluate maternal hemodynamic 
function. ` 
Wesley Lee, MD 

Department of Obstetrics and Gynecology i 
William B eaumont Hospital 
3601 West Thirteen Mile Road 
Royal Oak, MI 48072 - 

. l Roxann Rokey, MD 
Department of Medicine i 
Division of Cardiology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 
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Pee by Drs. Easterling and Benedetti. We agree with 
Drs. Lee and Rokey that Doppler technique is the best 
noninvasive method to measure cardiac output in preg: 
nant patients. In our hands, continuous-wave Doppler 
has been demonstrated to correlate well with thermo- 
dilution..In Dr. Lee’s hands, pulsed-wave Doppler has 
been demionstrated to work equally well. Neither Dr. 
Lee’ nor we use both methods extensively. Therefore, 
reasonable comparisons cannot be made. Each inethod 
with an experienced operator can be expected to ac- 
curately predict absolute cardiac ‘output. 


Maternal hematocrit and premature labor 


To the Editors: 

. Contrary to Lieberman et al. (Lieberman E, Ryan KJ, 
Monson RR, Schoenbaum SC. Association of maternal 
hematocrit with premature labor. AM J OBSTET Gy- 
NECOL 1988;159:107-14), I believe that the association 
of maternal hematocrit with premature labor is simple. 
There is a physiologic anemia of pregnancy that is most 
severe in the second and early third trimesters when, 
by definition, cases of premature labor occur.' This de- 
crease in hematocrit is documented by tables 1. 3 and 
1.5 in The Physiology of Human Pregnancy by Hytten and 
Leitch.? Lieberman et al. attempt to refute this simple 
explanation ‘by reference to only a minimal change in 
maternal hematocrit. We need to know the hematocrit 
values of their patients with normal pregnancies in the 
second trimester and at term. I believe that it is almost 
a universal experience that ‘maternal hematocrits in 
pregnant women rise at least 10% between the second 
trimester and term when they are given additional iron. 
What information do we have about the iron intake of 
their subjects? - ' 

While’ the authors did make reference to their yery 
similar article in The New England Journal of Medicine, 
“Risk factors accounting for ratio differences in the rate 
of premature labor,” is this not an exainple of “repet- 
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itive” publications’? Given the criticism the authors re- 
ceived by the multiple letters to the editor, as well as 
the editorial in The New England Journal of Medicine, I 
am surprised that they persisted in their repeat pre- 
sentation, especially since Fig. 1 of their reply shows 
that increased hematocrit can be associated with in- 
creased percent of prematurity.‘ Is their argument only 
over the position of the nadir of the hematocrit curve 
versus percent prematurity? , 

i Robert C. Goodlin, MD 
Department of Obstetrics and Gynecology 
Denver General Hospital ` 
777 Bannock St. 
Denver, CO 80204-4507 
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Reply 
To the Editors: 

We are well aware the there are physiologic changes 
in hematocrit over the course of pregnancy, including 
a decrease in hematocrit early in pregnancy. Changes 
in hematocrit in later pregnancy, however, are less well 
documented. Although Dr. Goodlin believes that it is 

. almost a universal experience that maternal he- 
matocrits in pregnant women rise at least 10% between 
the second trimester and term...,” he cites no refer- 
ences to support this view. The ‘ireratare shows that 
when hematocrits are measured serially in individual 
women, hematocrit values either stabilize by 24 weeks? 
or increase slightly (two percentage points or less) be- 
tween 25 and 30 weeks and term.** We have previously 
shown that after adjusting for such small changes, the 
association of hematocrit with premature labor remains 
strong.’ Dr, Goodlin fur ther inappropriately draws 
conclusions that are based ona hypothetical model that 
appeared in our letter to The New England Journal of 
Medicine.® This model corrected for possible changes in 
hematocrit over the course’of pregnancy and was con- 
structed solely to demonstrate that the association of 
hematocrit and premature birth would remain even 
after adjusting for hematocrit changes that might occur 
late in pregnancy. Finally, we agree that serial exami- 
nation of both second-trimester and term hematocrits 
in the same patients would be useful and we have been 
collecting such data. ` 

We were puzzled by Dr. Goodlin’s accusation of re- 
petitive publication on our part. The two articles to 
which he referred (1,2) were both published in the 
literature in leading peer-reviewed journals and were 
cross-referenced. While both are related to preterm 
birth, they focus on completely different issues. The 
article in the JOURNAL' focused on hematocrit as a risk 
factor for preterm labor, The other article? considered 
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a wide variety of socioeconomic and medical variables 
(including hematocrit) as part of an examination of the 
increased risk of preterm labor in black women. Its aim 
was not to determine if variables themselves were risk 
factors for premature labor but rather to ascertain 
whether these specific risks accounted for racial dif- 
ferences in the occurrence of premature labor. The 
analyses of the two articles were conducted indepen- 
dently and the groups of women in the two studies were 
not identical. We suggest that Dr. Goodlin read both 
articles and recorsider his accusation. 
Ellice Lieberman, MD, DrPH 
Brigham and Women’s Hospital 
Harvard Medical School 
75 Francis St. 
Boston, MA 02115 
Kenneth J. Ryan, MD 
Department of Obstetrics and Gynecology 
Brigham and Women’s Hospital 
Harvard Medical School 
75 Francis St. 
Boston, MA 02115 
Richard R. Monson, MD, ScD 
Department of Epidemiology 
Harvard School of Public Health 
677 Huntington Ave. 
Boston, MA 02115 
Stephen C. Schoenbaum, MD, MPH 
Harvard Community Health Plan 
10 Brookline Place West 
Brookline, MA 02145 
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Multiple gestation with intrauterine insemination 
and menotropin therapy 


To the Editors: 

Dodson et al. recently reported their experience with 
combined intrauterine insemination and menotropin 
therapy (Dodson WC, Hughes CL Jr, Haney AF. Mul- 
tiple pregnancies conceived with intrauterine insemi- 
nation during superovulation: an evaluation of clinical 
characteristics and monitored parameters of concep- 
tion cycles. AM J OBSTET GYNECOL 1988;159:382-5). 
They concluded that “25% to 30% of the conceptions” 
will “unavoidably result in multiple pregnancy.” (Ac- 
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tually, their data describe pregnancies past the first 
trimester rather than “conceptions.”) We do not believe 
that their conclusion is warranted. 

We had previously reported a similar experience with 
menotropin/intrauterine insemination therapy! but 
have now been able to reduce the multiple gestation 
rate substantially. In 1987, only 3 of 35 viable preg- 
nancies in patients with combined menotropin/intra- 
uterine insemination therapy resulted in multiple preg- 
nancies (all twins), for a multiple gestation rate of 
<10%. 

We see three significant differences between our ap- 
proach to menotropin/intrauterine insemination ther- 
apy and that used by Dodson et al., which may con- 
tribute to our lower multiple gestation rate: (1) Patient 
selection. Virtually all patients in our menotropin/in- 
trauterine insemination program represent failures of 
clomiphene citrate/menotropin/intrauterine insemi- 
nation therapy. The prior use of the clomiphene ci- 
trate/menotropin/intrauterine insemination protocol? 
may preselect patients with a lower fecundity for the 
menotropin/intrauterine insemination program re- 
sulting in lower pregnancy rate per cycle and a de- 
creased number of multiple gestations. (2) Menotro- 
pin management. Dodson et al. stated that human 
chorionic gonadotropin is administered when “one fol- 
licle or more” measure >15 mm. Apparently more than 
one follicle >15 mm was quite common because they 
reported the mean number of such follicles to be 3.5 
to 3.8. Similarly, the mean estradiol concentration at 
human chorionic gonadotropin administration was 
about 1000 pg/ml. By contrast, the corresponding 
numbers for our pregnant patients are as follows: mean 
follicle number 215 mm, 1.7; mean serum estradiol 
concentration, 419 pg/ml (menotropin/intrauterine in- 
semination program, 1987). (3) Sperm preparation. 
Dodson et al. prepared sperm by simple centrifugation 
and inseminated the entire cellular component of the 
specimen, approximately 100 million motile sperm. 
On the other hand, we use a swim-up procedure and, 
since our initial experience,’ deliberately limit the 
number of motile sperm in the inseminate to <20 
million. 

Since our initial experience with menotropin/intra- 
uterine insemination was similar to that discussed by 
Dodson et al. and since reductions in sperm number 
per inseminate represent the major modification in our 
treatment protocol, the 1987 drop in our multiple ges- 
tation rate may reflect primarily the impact of limiting 
numbers of sperm in the inseminate. 

Whereas we were able to reduce the multiple ges- 
tation rate, our menotropin/intrauterine insemination 
program also demonstrated a lower cycle fecundity 
(10%) than reported by Dodson et al. Whether the 
lower pregnancy rate can be attributed to patient se- 
lection, more conservative menotropin management, 
or sperm numbers cannot be ascertained from our data 
at this time, but it is likely that all three factors play a 
role. 

It is our contention that the 25% to 30% multiple 
gestation rate with menotropin/intrauterine insemi- 
nation can be reduced. It is possible that this increase 
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in safety is at the expense of a lower probability of 

pregnancy per treatment cycle. 
Gregory H. Corsan, MD 
Robert M. Shelden, PhD 
Ekkehard Kemmann, MD 

University of Medicine and Dentistry 

of New Jersey 

Robert Wood Johnson Medical School 

CN 19 

New Brunswick, NJ 08903 
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Reply 
To the Editors: 

We appreciate the interest in our publication shòwn 
by Córsan et al. and are grateful for the opportunity 
to continue the dialogue. 

We agree that factors potentially associated with an 
increased multiple gestation rate might include patient 
characteristics (such as age, diagnosis, parity), prior 
treatment experience, and sperm preparation tech- 
niques. However, at present no convincing evidence of 
such associations exists. After reviewing our patient 
population, we determined that these factors were not 
overrepresented in the couples with multiple ges- 
tations. 

Management of superovulation may be different at 
Duke than at the University of Medicine and Dentistry 
of New Jersey, and there is no simple way to compare 
the two programs because Shelden et al. did not mon- 
itor the ovarian response to menotropin with pelvic 
ultrasonography. 

Corsan et al. indicate that limiting the numbers of 
sperm inseminated may reduce the multiple gestation 
rate. They noticed a decrease in the multiple gestation 
rate in 1987, after limiting the sperm number per in- 
seminate. Our experience does not confirm that such 
a relationship exists. In our retrospective report we 
found no association of the multiple gestation rate and 
the number of sperm inseminated. Additionally, in the 
past year we noted a 40% decrease in the multiple ges- 
tation rate—without limiting the number of sperm in- 
seminated. ; 

In summary, we still cannot identify any clinical fea- 
tures, monitored parameters, or sperm characteristics 
of a pregnancy cycle currently used in our program 
that would indicate which couples are more likely to 
conceive multiple pregnancies with intrauterine insem- 
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ination and menotropin—induced superovulation. Fur- 
thermore, the currently available retrospective analyses 
that identify correlated factors need to be substantiated 
with prospective randomized trials. 
William C. Dodson, MD 
Claude L. Hughes, PhD, MD 
A. F. Haney, MD 
Box 3527 
Duke University Medical Center 
Durham, NC 27710 


Allergic vaginitis 
To the Editors: 

The report by Witkin et al, (Witkin SS, Jeremiahs J, 
Ledger WJ. Recurrent vaginitis as a result of sexual 
transmission of IgE antibodies. AM J OBSTET GYNECOL 
1988;159:32-6) proposes that there are subsets of pa- 
tients with vaginitis caused by immunoglobulin E~ 
mediated reactions, transmitted both actively, through 
antigens that are present in seminal fluid and react with 
sensitized vaginal mucosa, and passively, through spe- 
cific immunoglobulin in seminal fluid that reacts with 
antigens in the vaginal mucosa. These workers found 
that the use of a condom eliminates the reactions. The 
following may be an example of allergic vaginitis caused 
by atmospheric allergens and suggests an alternative 
method of treatment of this problem. 


The patient, a 26-year-old, married graphic designer, was 
referred by her gynecologist because of vaginal symptoms that 
he susepcted might be allergic in nature. In the winter or early 
spring of 1983, she began to have vaginal itching and burning 
pain with coitus. The itching, but not the pain, was helped by 
vinegar douches. In January 1987, vaginal cultures and smears 
were negative, and she did not respond to empiric treatment 
with Flagyl. In mid-July she developed symptoms typical of 
allergic rhinitis, and in September she had increased coital 
pain. She consulted an ophthalmologist because of itching 
eyes; allergic conjunctivitis and dry eyes were confirmed by 
Schirmer’s test, and eye symptoms were relieved by topical 
steroids and cromolyn sodium. By January the nasal, eye, and 
vaginal symptoms cleared completely, and she was well until 
mid-July 1988, when she had a recurrence of nasal, eye, and 
all vaginal symptoms. Examination revealed moderately con- 
gested, red, dry nasal membranes, dry, slightly injected con- 
juncetivae, and a clear chest. Results of vaginal examination 
were unremarkable. 

Intradermal tests to inhalant allergens showed significant 
positive reactions to weeds, grasses, molds, dust, and house- 
hold environmental agents. Smears of nasal and vaginal se- 
cretions showed large numbers of leukocytes (half eosinophils 
and the rest neutrophils). Impression was allergic rhinitis, con- 
junctivitis, and possible vaginitis (dry eye syndrome). 

For treatment, she was given Opticrom (cromolyn 4%), one 
drop in each eye, for the eye symptoms and Nasalcrom nasal 


. solution, one puff in each nostril four times daily, for the 


nasal symptoms. She was instructed to obtain ampules of cro- 
molyn sodium, containing 20 mg in 2 ml, and to inject it 
intravaginally with a rubber ear syringe four times daily. She 
returned for follow-up 2 weeks later on August 30, having 
gone through a menstrual cycle, and reported marked im- 
provement in all symptoms. Specifically, the vaginal symptoms 
cleared completely, and she no longer had pain or discomfort 
on coitus. 

A smear of nasal secretions was unchanged from the pre- 


Volume 161 
Number 6, Part | 


vious examination. A smear of vaginal secretions showed a 
moderate number of leukocytes (three fourths neutrophils 
and the rest eosinophils). 

While one can never be certain in an unusual pre- 
sentation of this kind, the history and response to med- 
ication suggest the possibility that this patient did have 
allergic vaginitis caused by pollen. 

Cromolyn sodium acts by stabilizing mast cells, 
thereby reducing mediator release. Its site of action 
may involve effects on calcium channels! or regulation 
of phosphorylation of a protein that is essential for 
degranulation to occur.” It has proved useful in pre- 
venting allergic conjunctivitis, allergic rhinitis, and 
asthma caused by allergy, exercise, exposure to cold, 
and some irritants. Its efficacy in vaginitis remains to 
be proved by properly controlled studies, but since it 
is such an innocuous medication, it is reasonable to 
consider using it to treat vaginitis where allergic mech- 
anisms are suspected. 

Since submission of this letter, the patient has gone through 
the 1989 spring and fall pollen seasons with recurrence of 

_allergic symptoms, including vaginal itching and burning. The 
vaginal symptoms were again completely controlled with the 
use of cromolyn instilled intravaginally. 


Murray Dworetzky, MD 
Cornell University Medical College 
Department of Medicine 
115 East 61st St. 
New York, NY 10021 
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Reply 
To the Editors: 

Dr. Steven Witkin asked me to comment on the letter 
from Dr. Dworetzky concerning the use of intravaginal 
cromolyn sodium for treatment of vaginal allergy. 

For the past 18 months I have been prescribing in- 
travaginal cromolyn sodium for patients with allergic 
vaginitis. Diagnosis of allergic vaginitis was based on 
the presence of immunoglobulin E by immunofluores- 
cence testing of vaginal secretions. Fifteen patients so 
diagnosed all were advised to douche vaginally with 
ampules of cromolyn sodium containing 20 mg in 2 ml 
twice daily. Fifteen patients have reported results to me. 
Douching with cromolyn sodium has been beneficial in 
35%, with the improvement in vaginal symptoms being 
modest, rated by the patients at a 30% to 50% im- 
provement in symptoms of itching, burning, and dis- 
comfort. 

Leo Galland, MD 
41 East 60th St. 
New York, NY 10022 


Correspondence 1753 


Results of uterine activity studies in agreement, 
but methods differ 


To the Editors: 

I read with interest the article by Dr. Nageotte and 
his coworkers about the spontaneous contraction activ- 
ity of the pregnant uterus (Nageotte MP, Dorchester 
W, Porto M, Keegan KA Jr., Freeman RK. Quantitation 
of uterine activity preceding preterm, term, and post- 
term labor. AM J OBSTET GYNECOL 1988;158:1254-9), 
We agree with the results of the authors but not with 
the method. The authors prospectively studied the 
maximum uterine contraction frequency during any 
10-minute period in 2446 patients and found signifi- 
cantly higher activity in the premature group. How- 
ever, the length of observation (i.e., the average number 
of measurements} also was the highest in the prema- 
ture group (4.4 + 1.8 in the preterm group versus 
2.2 + 1.6 in the postterm group). Obviously, anyone 
has a greater chance to find a 10-minute period with 
high-frequency activity if the length of the observation 
is longer. On the cther hand, the increased contraction 
activity of the uterus may clearly appear in a large num- 
ber of patients in the pathologic group, even with the 
authors’ method, but not in each individual case be- 
cause a 10-minute period does not represent the whole 
day’s activity. 

In a prospective clinical study performed in the past 
2 years with a smaller group of pregnant women, we 
already have observed >600 hours of spontaneous 
uterine activity of pregnant women between 25 and 37 
weeks’ gestation.’ According to our data the activity 
sometimes suddenly increases, then decreases without 
any regularity. The difference between “normal” and 
“abnormal” in some cases is only the number of high- 
frequency periods per day. So, high-frequency periods 
may and usually do appear in normal cases, too (e.g., 
after sexual intercourse or nipple stimulation, or be- 
cause of a full bladder). Therefore with a 10-minute 
or even a 30-minute window the physician can and 
probably will miss most of the pathognomonic periods 
that appear in some cases one or more times a day, but 
in another case can register the only high-frequency 
period of the day. 

In light of the above-mentioned facts, we prefer long- 
time continuous uterine activity monitoring of high- 
risk patients with portable uterine contraction moni- 
tors.24 The predictive value and efficacy of preterm 
uterine activity monitoring can reach a significant level 
only by this method. 

Miklós Török, MD 
István Gáti, PhD, DSc 
Posigraduate Medical School 
Department of Obstetrics and Gynecology 
1135 Budapest XIII Szaboles u 35, Hungary 
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Reply. 

To the Editors: 

I would like to take this opportunity to clarify some 
misunderstandings. The article on uterine activity pre- 
ceding preterm, term, and postterm delivery addressed 
the assessment of maximum uterine activity in any 10- 
minute period before uterine stimulation was begun in 
patients who underwent contraction stress tests. The 
length of time that preceded the start of uterine 
stimulation never exceeded 20 minutes according 
to protocol. Consequently, the maximum contrac- 
tion rate during any 10 minutes of this 20-minute 
“window” is what constitutes the study period. It is 


net any 10-minute period as apparently was the- 


understanding. 

Certainly longer periods of monitoring uterine ac- 
tivity will give more information of contraction fre- 
quency for a given patient. We do not propose that 
simply looking at 10 to 20 minutes of uterine activity 
in a particular patient has any predictive value to time 
delivery. However, when evaluating a large number of 
patients it is interesting to note an apparent population- 
based difference in contraction frequency at a given 
gestational age for patients delivered of preterm, term, 
and postterm infants. 

Michael P. Nageotte, MD 
Women’s Hospital 
Memorial Medtcal Center of Long Beach 
2801 Atlantic Ave. 
Long Beach, CA 90801 


Effect of magnesium and preeclampsia on 
plasma cholinesterase activity 


To the Editors: 

In a recent report (Kambam JR, Perry SM, Entman 
S, Smith BE. Effect of magnesium on plasma cholin- 
esterase activity. AM J OBSTET GYNECOL 1988; 159:309- 
11), an approximately 30% reduction in plasma cho- 
linesterase activity was demonstrated in women with 
preeclampsia as compared with healthy gravid women. 
There was no difference in plasma cholinesterase ac- 
tivity before and after the administration of magnesium 
sulfate. It was concluded that the low level of plasma 
cholinesterase is probably responsible for the pro- 
longed action of succinylcholine in women with pre- 


"a7 eclampsia who are receiving magnesium sulfate. There 


are three reasons why this conclusion is questionable. 
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First, the elimination of magnesium sulfate does not 
depend on plasma cholinesterase; magnesium is ex- 
creted primarily by the kidney. Second, there was no 
difference in the duration of action of succinylcholine 
between healthy gravid women undergoing cesarean 
section and women undergoing laparoscopic tubal li- 
gation despite a 20% lower level of plasma cholines- 
terase in the pregnant women.’ In healthy puerperal 
women 2 days post partum, when the plasma cholin- 
esterase level is at its lowest (21% less than at the time 
of cesarean section),' the action of succinylcholine was 
only 200 seconds longer than in young gynecologic pa- 
tients, a clinically insignificant prolongation.’ Third, 
magnesium sulfate is a depressant of the neuromus- 
cular junction and, as such, prolongs the action of 
all muscle relaxants, including the nondepolarizing 
agents, which are not degradated by plasma cholines- 
terase.** Thus the prolongation of the action of suc- 
cinylcholine in gravid women with preeclampsia can be 
amply explained by the characteristics of magnesium 
sulfate alone. 

Gertie F. Marx, MD 
Department of Anesthesiology] 1226 
Albert Einstein College of Medicine 
1300 Morris Park Ave. 
Bronx, NY 10461 
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Reply 
To the Editors: 

Our plasma cholinesterase data show that there is a 
mean decrease of 60% (range 40% to 80%) and 30% 
(range 25% to 55%) in pregnant patients with pre- 
eclampsia when compared with healthy nonpregnant 
and pregnant patients, respectively. We hope to clarify 
the questions raised by Marx. 

There are at least two good reasons why pregnant 
patients with preeclampsia are different from healthy 
pregnant patients in relation to the duration of action 
of succinylcholine: (1) The blood volume and conse- 
quently the distribution volume are increased for suc- 
cinylcholine in healthy pregnant patients when com- 
pared with pregnant patients with preeclampsia in 
whom there is a decrease in blood volume; (2) the de- 
crease in plasma cholinesterase activity in patients with 
preeclampsia is far greater than that seen in healthy 
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pregnant patients. To our knowledge, there are no pub- 
lished data to date on the correlation of plasma cholin- 
esterase activity and duration of succinylcholine in pa- 
tients with preeclampsia. A correlative study published 
by Viby-Mogensen' did show that when there is a de- 
crease of >60% to 80% in mean plasma cholinesterase 
activity, the duration of apnea after succinylcholine 
(1 mg/kg intravenously) administration in nonpreg- 
nant patients lasts up to 22 minutes. This duration of 
apnea is approximately what we see clinically in patients 
with preeclampsia after a single dose of succinylcholine, 
1 mg/kg intravenously. It is also possible that an 
occasional patient with preeclampsia and very low 
plasma cholinesterase activity may develop a desensi- 
tization block, in which case the action of succinylcho- 
line may be pr olonged several times the usual duration. 
We have recently shown such a desensitization block 
after a single injection of succinylcholine in a patient 
with approximately 20% of normal plasma cholines- 
terase activity.” 

Regarding the comment on magnesium pharmaco- 


kinetics, we did not state in our article that the elimi-- 


nation of magnesium is influenced by plasma cholin- 
esterase activity. Magnesium is known to decrease the 
release of acetylcholine at the neuromuscular junction. 
While a decrease in acetylcholine release at the neu- 
romuscular junction explains the mechanism for pro- 
longation of a nondepolarizing or curare type of block, 
this does not explain the reason for prolongation of a 
depolarizing or succinylcholine-induced block. Data of 
James et al.* clearly show that magnesium has no effect 


Correction 


Correspondence 1755 


on the duration of action of succinylcholine when tested 
in healthy nonpregnant patients with presumably nor- 
mal plasma cholinesterase activity levels. On the basis 
of the fact that there is a decrease in distribution vol- 
ume, as well as a decrease in plasma cholinesterase ac- 
tivity in preeclampsia, and in the presence of evidence 
that magnesium does not prolong the action of succi- 
nylcholine in nonpregnant patients with normal level 
of plasma cholinesterase, we concluded that the low 
level of plasma cholinesterase ‘activity is probably re- 
sponsible for the prolonged action of succinylcholine 
in women with preeclampsia who receive magnesium 
sulfate. 
Jay Kambam, MD 
Stephanie M. Perry, MD 
Bradley E. Smith, MD 
Department of Anesthesiology l 
Vanderbilt University Medical Center 
Nashville, TN 37232 
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In the article by Burry et al., entitled “Metabolic changes during medical treat- 
ment of endometriosis: Nafarelin acetate versus danazol” (AM J OBSTET GYNECOL 


1989; 160:1454-61), on page 1461, in the right-hand column, line 7, the sentence begin- 
ning “If gonadotropin-releasing hormone analogs, such as danazol . 
“If gonadotropin- releasing hormone analogs, such as nafarelin . 


.” should have been 


” 
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Postgraduate Course in Gynecologic and Obstetric 


Pathology with Clinical Correlation—1990, 
April 9-13, 1990, Parker House Hotel, Boston, 
Massachusetts. Fee for course: $595. 00 (resi- 
dents and fellows, $375.00). Address for fur- 
ther information: Department of Continuing 
Education, Harvard Medical School, 25 Shat- 
tuck St., Boston, MA 02115. 


Symposium on Uterine Contractility: Mechanisms of 
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Control, Robert Garfield, PhD, ‘Chairman, 
March 17-20, 1990, Marriott Pavilion Hotel, 
St. Louis, Missouri. Sponsored by Serono Symi- 
posia, USA. Abstract forms and registration 
information may ‘be obtained by- contacting 
L. Lisa Kern, PhD, Serono Symposia, USA, 
100 Longwater Circle, Norwell, MA 02061. 
Tel.: (800) 283-8088 or Ce 982-9000. 


Bound volumes available to subscribers 


- Thirteenth Annual Mid-Winter Symposium in 


OB/GYN, February 28, March 1 and 2, 1990, 
Scottsdale Hilton Hotel, Scottsdale, Arizona. 
Co-Sponsored by the Phoenix OB/GYN So- 
ciety and the Department of OB/ GYN, Mar- 
icopa Medical Center. For information con- 
tact: The Secretary, Phoenix ‘OB/GYN Soci- 
ety, 511 W. Montebello, Phoenix, AZ 85013. 
Tel.: (202) 266- 6321. 


2nd Annual Review Course in Obstetrics and Gynae- 


cology, May 1-5, 1990, Hilton International 
Toronto, Toronto, Ontario, Canada. AMA 
Category 1 credit hours. For further infor- 
mation contact: Continuing Education, Fac- 
ulty of Medicine, University of Toronto, Med- 
ical Sciences Building, Toronto, Ontario, Can- 
ada M5S 1A8..Tel.: (416) 978-2718. ~ 
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Blood gas analysis 
Blood gases, pH, and lactate in appropriate- and small-for- 
gestational-age fetuses (Nicolaides et al). 1989;161:996- 
1001 
Fetal blood gas analysis from cordocentesis for abnormal 
fetal heart rate patterns (Shah and Boehm). 
1989;161:374-6 ‘ 
Routine umbilical cord blood gas determinations? (Thorp 
et al). 1989;161:600-5 
Blood glucose 
Does insulin affect placental glucose metabolism and trans- 
fer? (Urbach et al). 1989;161:953-9 
The effect of elevated blood glucose on the electroenceph- 
alogram and cerebral metabolism during short-term brain 
ischemia in fetal sheep (Chao et al). 1989;161:221-8 
High glucose level decreases proliferation of cultured hu- 
man fetal cells from placenta (Nelson and Curran). 
1989;161:1553-8 
Maternal-fetal glucose gradient in normal pregnancies and 
in pregnancies complicated by alloimmunization and fetal 
growth retardation (Nicolini et al). 1989;161:924-7 
Randomized trial of diet versus diet plus cardiovascular con- 
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ditioning on glucose levels in gestational diabetes (Jova- 
novic-Peterson et al). 1989;161:415-9 
Blood platelets 
Can platelet volume predict progressive hypertensive 
disease in pregnancy? (Walker et al). 1989;161: 
676-9 
Effect of magnesium on cocaine-induced, catecholamine- 
mediated platelet and vascular response in term pregnant 
ewes (Weaver et al). 1989;161:1331-7 
Blood pressure 
Lack of evidence of a vasodepressor role for relaxin in spon- 
taneously hypertensive and normotensive pregnant rats 
(Ahokas et al). 1989;161:618-22 
The measuring of blood pressure during pregnancy (Villar 
et al). 1989;161:1019-24 
Systolic/diastolic ratios and waveform shapes (Bewley) (Let- 
ter); (Schulman) (Reply). 1989;161:1420-1 
Blood pressure, high; see Hypertension 
Blood transfusion, intrauterine 
Does furosemide alter the hemodynamic response to rapid 
intravascular transfusion of the anemic fetal lamb (Chest- 
nut et al). 1989;161:1571-5 
Does midtrimester AOD,;) of amniotic fluid reflect se- 
verity of Rh disease? (Ananth and Queenan). 1989;161: 
47-9 
Effect of acute intravascular volume expansion on human 
fetal prostaglandin concentrations (Weiner and Robil- 
lard). 1989;161:1494-7 
The effect of intravascular transfusion on umbilical venous 
pressure in anemic fetuses with and without hydrops 
(Weiner et al). 1989;161:1498-501 
Fetal cardiac output in the isoimmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 
Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989;161:42-6 
Frequency and timing of intravascular intrauterine trans- 
fusions reconsidered (Voto and Margulies) (Letter); (Socol 
et al) (Reply). 1989;161:255-6 
Ovine fetal cardiovascular responses to packed red blood 
cell transfusions (Brace). 1989;161:1367-74 
Plasma atrial natriuretic peptide in human fetus: response 
to intravascular blood transfusion (Panos et al). 
1989;161:357-61 
Prediction of hematocrit decline after intravascular fetal 
transfusion (MacGregor et al). 1989;161:1491-3 
Pulsed Doppler flow-velocity waveforms in the prediction 
of fetal hematocrit of the severely isoimmunized preg- 
. nancy (Copel et al). 1989;161:341-4 
Two hundred intrauterine exchange transfusions in severe 
blood incompatibilities (Poissonnier et al). 1989;161:709- 
13 
Blood volume 
Atrial natriuretic factor: the effects of pregnancy and a 
high-salt diet on atrial levels (Castro et al). 1989;161:1620- 
3 
Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161:1049-54 
Ovine fetal cardiovascular responses to packed red blood 
cell transfusions (Brace). 1989;161:1367-74 
Plasma atrial natriuretic peptide in human fetus: response 
to intravascular blood transfusion’ (Panos et al). 
1989;161:357-61 
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Bone development 
Long bone growth in fetuses with Down syndrome (Fitz- 
Simmons et al). 1989;161:1174-7 
Books 
Books received. 1989; 161:841, 1093, 1429 
Brain, blood supply, animal 
The effect of elevated blood glucose on the electroenceph- 
alogram and cerebral metabolism during short-term 
brain ischemia in fetal sheep (Chao et al}. 1989;161: 
221-8 
Effects of cephalic hypotension, hypertension, and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissonnette). 1989; 161:1344-51 
Breast diseases 
Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989; 161:267- 
70 (Clin. opinion) 
Breast feeding 
Methicillin-resistant staphylococcal mastitis (Kalstone). 
1989;161:120 
Breast neoplasms 
Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989; 161:267- 
70 (Clin. opinion) 
A case-control study of epithelial cvarian cancer (Hartge et 
al). 1989;161:10-6 (Clin. opinion) 
Breast neoplasms, epidemiology 
The cancer question: an overview of recent epidemiologic 
and retrospective data (Henderson). 1989;161:1859-64 
(Symposium) 
Breech presentation : 
Breech presentation after cesarean section: always a section 
(Ophir et al). 1989;161:25-8 
Management of the nonvertex second twin: primary cesar- 
ean section, external version, or primary breech extrac- 
tion (Gocke et al). 1989;161:111-4 
Buserelin 
Buserelin versus danazol in the treatment of endometriosis- 
associated infertility (Fedele et al). 1989;161:371-6 


Cc 


CA 125; see Antigens, tumor-associated, carbohydrate 
Cadmium poisoning 

Zinc, cadmium, and hypertension in parturient women (La- 

zebnik et al). 1989;161:437-40 
Calcitonin ; 

Human a- and B-calcitonin gene-related peptides are va- 
sodilators in human chorionic plate vasculature (Firth and 
Pipkin). 1989;161:1318-9 

Calcium 

Calcium intake and pregnancy-induced hypertension (Sem- 
chyshyn) (Letter); (Belizan and Villar) (Reply). 
1989; 161:834-5 

Erythrocyte cation metabolism in preeclampsia (Sowers et 
al). 1989;161:441-5 

Calcium channel blockers 

Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989;161:1514-8 : 

Fetal vascular responses to maternal nicardipine adminis- 
tration in the hypertensive ewe (Parisi et al). 
1989;161:1035-9 

Nifedipine pharmacokinetics during preterm labor tocolysis 
(Ferguson et al). 1989;161:1485-90 
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Calcium channel blockers—cont’d 
Ovine fetal cardiorespiratory response to nicardipine (Hol- 
brook et al). 1989;161:718-21 
Placental vascular responses to nicardipine in the hyperten- 
sive ewe (Parisi et al). 1989;161:1039-43 
Calcium entry blockers; see Calcium channel blockers 
Callithricidae 
` Progesterone antagonist lilopristone: a potent abortifacient 
in the common marmoset (Puri et al). 1989;161:248-53 
Cancer; see Neoplasms 
Cancer syndromes, hereditary 
‘Cervical cancer in Jewish women (Glezerman et al). 
_ 1989;161:1186-90 
Candida albicans 
Candida albicans: cellular immune system interactions during 
different stages of menstrual cycle (Kalo-Klein and Wit- 
kin). 1989;161:1132-6 
Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989;161:503 
Carbohydrates 
Effect of nutrient intake on premenstrual depression (Wurt- 
man et al). 1989;161:1228-34 
Carbohydrates, metabolism 
Carbohydrate metabolism in the course of intrahepatic cho- 
lestasis in pregnancy (W6jcicka-Jagodziriska et al). 
1989; 161:959-64 
Triphasic Randomized Clinical Trial: comparison of effects 
on carbohydrate metabolism (Bowes et al. 
1989;161:1402-7 (Symposium) 
Cardiac output 
Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989;161:1449-53 
Measurement of cardiac output in pregnancy by thoracic 
electrical bioimpedance and thermodilution (Masaki et 
al). 1989; 161:680-4 
Cardiography, impedance 
Measurement of cardiac output in pregnancy by thoracic 
electrical bioimpedance and thermodilution (Masaki et 
al). 1989; 161:680-4 
Cardiolipin antibodies; see Antibodies 
Cardiopulmonary bypass 
Subsequent fertility in women who undergo cardiac surgery 
(Nunley et al). 1989; 161:573-6 
Cardiovascular diseases 
Estrogen replacement and cardiovascular disease: serum 
lipids and blood pressure effects (Hazzard). 
1989; 161:1847-53 (Symposium) 
Cardiovascular system 
Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989;161:1449-53 
Carotene 
Decreased B-carotene tissue levels in uterine letomyomas 
and cancers of reproductive and nonreproductive organs 
(Palan et al). 1989;161:1649-52 
Effects of smoking and oral contraception on plasma B- 
carotene levels in healthy women (Palan et al). 
1989;161:881-5 
Carotenoids 
Risk factors for vulvar lichen sclerosus (Sideri et al). 
1989; 161:38-42 
Carotid arteries, animal 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional doigli (Weiner 
et al). 1989;161:1605-10 
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In vitro release of endothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig preg- 
nancy (Weiner et al). 1989;161:1599-605 

Catecholamines 

Effect of magnesium on cocaine-induced, catecholamine- 
mediated platelet and vascular response in term pregnant 
ewes (Weaver et al). 1989;161:1331-7 

Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989;161:1605-10 

Catheterization, central venous 

Central hemodynamic assessment of normal term preg- 
nancy (Clark et al). 1989;161:1439-42 

The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 

Is central venous pressure monitoring “contraindicated” in 
patients with severe preeclampsia? (Woodward and Ro- 
manoff) (Letter); (Clark and Cotton) (Reply). 
1989; 161:837-9 

Pulmonary artery catheterization in severe eclampsia 
(Gibbs). 1989;161:1089 (Letter) 

Ultrasonographic guidance for central venous access during 
pregnancy (Lee et al). 1989;161:1012-3 

Catheterization, Swan-Ganz; see also Pulmonary artery 

The central hemodynamics of severe preeclampsia (Mabie 

et al). 1989; 161:1443-8 
Catheters, indwelling 

“Central hemodynamic assessment of normal term preg- 

nancy (Clark et al). 1989;161:1439-42 
Caucasoid race 

Fetal radius length: a critical evaluation of race as a factor 

in gestational age assessment (Hill et al). 1989;161:193-9 
Cell membrane permeability 

Is a decrease in plasma oncotic pressure cough to explain 

the edema of pregnancy? (Valenzuela). 1989;161:1624-7 
Cells, cultured 

High glucose level decreases proliferation of cultured hu- 
man fetal cells ' from placenta (Nelson and Curran). 
1989; 161:1553-8 

Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989; 161:1313-7 

Central nervous system 

Dandy-Walker syndrome: a review wok fifteen cases evaluated 

by prenatal sonography (Russ et al). 1989;161:401-6 
Central venous pressure í 

Central hemodynamic assessment of normal term preg- 
nancy (Clark et al). 1989;161:1439-42 

The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 

Is central venous pressure monitoring “contraindicated” in 
patients with severe preeclampsia? (Woodward and Ro- 
manoff) (Letter); (Clark and Cotton) (Reply). 
1989; 161:837-9 

Pulmonary artery catheterization in severe eclampsia 
(Gibbs). 1989;161:1089 (Letter) 

Ultrasonographic guidance for central venous access during 
pregnancy (Lee et al). 1989;161:1012-3 

Ceramide lactoside P 

Ceramide lactoside in amniotic fluid: high concentration in 
chorioamnionitis and in preterm labor (Hallman et al). 
1989;161:313-8 

Cerebellum 

Enlarged cisterna magna in trisomy 18: prenatal ultrason- 

ographic diagnosis (Thurmond et al). 1989;161:83-5 
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Cerebral arteries . 

Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 

+ 1989;161:1528-31 
Cerebral ischemia, animal 

The effect of elevated blood glucose on the electroenceph- 
alogram and cerebral metabolism during short-term 
brain ischemia in fetal sheep (Chao et al). 1989;161: 
221-8 

Effects of cephalic hypotension, hypertension, and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissonnette). 1989;161:1344-51 ; 

Cervicitis 
Randomized treatment of mucopurulent cervicitis with dox- 
‘ycycline or amoxicillin (Paavonen et al). 1939;161:128-35 
Cervicovaginal lavage; see Cervix uteri, cytology 
Cervix diseases 

Comparison. of Cytobrush and cervicovaginal lavage sam- 
pling methods for the detection of genital human papil- 
lomavirus (Goldberg et al). 1989;161:1669-72 

Mechanism for human papillomavirus transmission at birth 
(Sedlacek et al). 1989;161:55-9 

Cervix ‘dysplasia 

Colposcopic findings and intraepithelial neoplasia in dieth- 
ylstilbestrol-exposed offspring (Helmerhorst et al). 
1989; 161:1191-4 

A ten-year experience treating cervical intraepithelial neo- 
plasia with the CO, laser (Baggish et al). 1989;161:60-8 

Cervix neoplasms ` 

Anal submucosal injection: a new route for drug adminis- 
tration in pelvic malignancies. IV. Submucosal anal injec- 
tion in the treatment of cancer of uterine cervix—prelim- 
inary study (Shafik). 1989; 161:69-72 

Cervical cancer in Jewish women (Glezerman et al). 
1989; 161:1186-90 

Pelvic and paraaortic lymphocysts after radical surgery be- 
cause of .cervical and ovarian cancer (Petru et al). 
1989; 161:937-41 

A ten-year experience treating cervical intraepithelial neo- 
plasia with the CO, laser (Baggish et al). 1989;161:60-8 

Cervix uteri, cytology 

Comparison of Cytobrush and cervicovaginal lavage sam- 
pling methods for the detection of genital human papil- 
lomavirus (Goldberg et al). 1989; 161: 1669-72 

Cesarean section 
` Antibiotics for postcesarean 
1989;161:1087 (Letter) 

Basic reference gambles recommended for utility assess- 
ment (Thornton and.Lilford) (Letter); (Silver and Mins 
ogue) (Reply). 1989; 161:256-7 

Breech presentation after cesarean section: always z a section 
(Ophir et al). 1989;161:25-8 

Court-ordered cesarean section: an analysis of ethical con- 
cerns in compelling cases (Elkins et al). 1989;161:150-4 

The effect of continuous epidural analgesia on cesarean 
section for dystocia in nulliparous women (T horp et al). 
1989;161:670-5 

Effect of physician characteristics on the cesarean birth rate 
(Berkowitz et al). 1989;161:146-9 

Evaluation of surgical staples in cesarean section (Burkett 
et al). 1989;161:540-7 

Management of the nonvertex second twin: primary cesar- 
ean section, external version, or primary breech extrac- 
tion (Gocke etal). 1989; 161:111-4 


endometritis (Duff). 
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Neonatal seizures and cesarean section (Boylan) (Letter); 
(Spellacy) (Reply). 1989;161:836-7 
Usefulness of continuous fetal heart rate monitoring during 
cesarean section (Petrikovsky et al). 1989;161:36-7 
Vaginal birth after cesarean delivery in the twin gestation 
(Strong et al). 1989;161:29-32 
Vaginal birth after cesarean section: a reappraisal of risk 
(Yetman and Nolan). 1989;161:1119-23 
Chemotaxis, leukocyte 
Amniotic fluid leukotaxis assay as an early indicator of cho- 
rioamnionitis (Pankuch et al). 1989;161:802-7 
Child abuse, sexual 
Anal and perianal abnormalities in prepubertal victims of 
sexual abuse (Muram). 1989;161: 278- 81 
Chlamydia trachomatis 
Fetal death from chlamydial infection across intact amniotic 
- membranes (Thorp et al). 1989;161:1245-6 
Randomized treatment of mucopurulent cervicitis with dox- 
ycycline or amoxicillin (Paavonen et al). 1989;161:128-35 
Cholestasis, intrahepatic = ie 
Carbohydrate metabolism in the course of intrahepatic cho- 
lestasis in ‘pregnancy aes Jagodäńska et al). 
1989;161:959-64 ' 
Cholesterol i 
The effect of triphasic oral contraceptives on plasma lipids 
and lipoproteins (Patsch et al). 1989;161:1396-401 (Sym- 
posium) 
Cholinesterases 
Effect of magnesium and preeclampsia on plasma cholin- 
esterase activity (Marx) (Letter); (Kambam et al) (Reply). 
1989; 161:1754-5 
Chorioamnionitis 
Amniotic fluid leukotaxis assay as an early indicator of cho- 
rioamnionitis (Pankuch et al). 1989;161:802-7 
Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989;161:503 
Ceramide lactoside in amniotic fluid: high concentration in 
chorioamnionitis and in preterm labor (Hallman et al). 
1989; 161:313-8 
Esterase activity in second- and third-trimester amniotic 
fluid: an indicator of chorioamnionitis (Hoskins et al). 
1989; 161:1543-5° 
Haemophilus influenzae culture (Winn and Egley). 
1989;161:1419 (Letter) í 
Choriocarcinoma ` 
Gestational trophoblastic disease and use of oral contracep- 
tives (Rosenberg et tal). 1989;161:1087-8 (Letter) 
Chorion 
Human a- and EEA gene-related peptides are va- 
sodilators in human chorionic plate vasculature (Firth and 
Pipkin). 1989;161:1318-9 ; 
Ultrasonographic criteria for the prenatal diagnösis of pla- 
cental chorionicity in twin gestations (Winn et al). 
1989; 161:1540-2 
Chorionic gonadotropins; see Gonadotropins, chorionic 
Chorionic villi 
` Analysis of fetal loss after transcervical chorionic villus sam- 
pling a review of 719 patients (Wade and Young). 
1989;161:513-9 
Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments 
of human placental villi (Nelson and Walsh). 
1989;161:1593-8 
Chorionic villi sampling 
Integration of the transabdominal technique into an on- 
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going chorionic villus sampling program (Copeland et al). ` 


1989; 161:1289-94 
Pregnancy loss in a small chorionic villus sampling series 
(Clark et al). 1989;161:301-2 
Chromosome abnormalities 
Rapid chromosome’ analysis with spontaneously dividing 
cells derived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989;161:1546-8 
Chromosomes, analysis 
Rapid chromosome analysis with spontaneously dividing 
cells derived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989;161:1546-8 
Chung Chong 
In vitro uterine response to aeramieiylpymeine, the active 
constituent of Chung Chong (a traditional Chinese medi- 
cine) (Tuttle et al). 1989;161:1319-23 
Chylomicrons 
Absorption of oral progesterone is influenced by vehicle and 
particle size (Hargrove et al). 1989; 161:948-51 
Cisterna magna 
Enlarged cisterna magna in trisomy 18: prenatal ultrason- 
ographic diagnosis (Thurmond et al). 1989; 161:83-5 
Cleavage stage, ovum 
Semen predictors of in vitro ceriizadon and embryo cleav- 
age (Daya et al). 1989;161;1284-9 
Clindamycin 
Short course of antibiotic therapy in treatment of postpar- 
tum endomyometritis (Morales et al). 1989;161:568-72 
Clinical opinion 
Clinical opinion. 1989;161:1-24, 261-77, 843-60, 1095-1105 
Clinical protocols 
Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow’ (Divon ét al). 
1989; 161:1523-7 i l 
Clinical trials ~ 
Controlled trial of hydration and bed rest versus bed rest 
alone in the evaluation of preterm uterine contractions 
(Pircon et al). 1989;161:775-9 
Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 
Magnesium supplementation during pregnancy: a double- 
blind randomized controlled clinical trial (Sibai et al). 
1989; 161:115-9 
Removing a retained placenta by oxytocin a controlled 
study (Wilken-Jensen et al), 1989;161:155-6 , 
Clitoris | 
A new surgical technique to treat refractory labial fusion in 
the elderly (Johnson et al). 1989;161:289-90 
Clomiphene 
Effects of clomiphene citrate on episodic luteinizing hor- 
mone secretion throughout the menstrual cycle (Archer 
et al). 1989;161:581-92 
Peri-impiantation phase endometrial estrogen and proges- 
terone receptors: effect of ovulation induction with clo- 
miphene citrate (Hecht et al). 1989;161:1688-93 
Clone cells 
Isolation and sequencing of a complementary deoxyribo- 
nucleic ‘acid clone encoding human placental 178-estra- 
diol dehydrogenase: identification of the putative cofactor 
binding site (Gast et al). 1989;161:1726- 31 
Clostridium . 
Maternal deaths associated with Clostridium sordellii infection 
(McGregor et al). 1989;161:987-95 ‘ 
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Cocaine : 
Cocaine abuse during pregnancy: peripartum prevalence 
‘and perinatal outcome (Neerhof et al). 1989;161:633-8 

Effect of magnesium on cocaine-induced, catecholamine- 
mediated platelet and vascular response in term pregnant 
ewes (Weaver et al). 1989;161:1331-7 

In utero cocaine exposure: observations of fetal-behavioral 
state may predict neonatal outcome (Hume et al). 
1989; 161:685-90 

Colposcopy 

Colposcopic findings and intraepithelial neoplasia in dieth- 
ylstilbestrol-exposed ‘offspring (Helmerhorst et al). 
1989;161:1191-4 — 

Combination drug therapy; see Drug therapy, combination 
Compliance 

Compliance considerations with estrogen replacement: 
withdrawal bleeding and other factors (Hahn). 
1989; 161:1854-8 (Symposium) : 

The patient’s reaction to side effects of oral contraceptives 
(Hillard). 1989;161:1412-5 (Symposium) 

Computer assisted diagnosis; see Diagnosis, computer as- 
sisted 

Congenital abnormality; see Abnormalities 

Congenital defects; see Abnormalities 

Consultants 

‘Consultants, for the AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY. 1989;161:1431-8 

Contraceptive devices, female 

The importance of ultrasonography in infertile women with 
“forgotten” intrauterine contraceptive devices (Ron- -El et 
al). 1989;161:211-2 

Contraceptives, oral — 
` A case-control study of epithelial ovarian cancer (Hartge et 
al). 1989; 161:10-6 (Clin. opinion) 

Correcting misconceptions about oral contraceptives (Mish- 
ell); 1989;161:1385-9 (Symposium) 

The effect of triphasic oral contraceptives on plasma lipids 

` and lipoproteins (Patsch et al). 1989;161:1396-401 (Sym- 
posium) 

Effects of smoking and oral contraception on plasma B- 
carotene levels in healthy women (Palan et al). 
1989; 161:881-5 

Evaluating triphasic oral contraceptives: the rationale for a 
randomized trial (Grimes). 1989;161:1390-2 (Sympo- 
sium) 

Longitudinal ultrasonographic study of the ovarian sup- 
pressive activity of a low-dose triphasic oral contraceptive 
during correct and incorrect pill intake (Hamilton and 
Hoogland). .1989;161:1159-62 

Study design for the Triphasic Randomized Comparative 
Trial (Dickerson). 1989;161:1392-6 (Symposium) 

Triphasic ‘Randomized Clinical Trial: comparative fre- 
quency of intermenstrual bleeding (Droegemueller et al). 
1989;161:1407-11 (Symposium) ` 

Triphasic Randomized Clinical Trial: comparison of effects 
on carbohydrate metabolism (Bowes ‘et al). 
1989; 161:1402-7 (Symposium) 

Contraceptives, oral, adverse effects - 

Correcting misconceptions about oral contraceptives (Mish- 
ell). 1989; 161:1385-9 (Symposium) 

Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 l 

Gestational trophoblastic disease and use of oral contracep- 
tives (Rosenberg et al). 1989;161:1087-8 (Letter) 


Volume 161 
Number 6, Part 1” 


The patient’s reaction to side effects of oral contraceptives 
(Hillard). 1989;161:1412-5 (Symposium) 

Triphasic Randomized Clinical Trial: comparative fre- 
quency of intermenstrual bleeding (Droegemueller et tal). 
1989;161:1407-11 (Symposium) 

Cordacentesis; see Fetal blood 
Coronary disease 

Cardiac isoenzymes and electrocardiographic changes dur- 
ing ritodrine cocolysis (Hadi and  Albazzaz). 
1989; 161:318-21 

Decréased in vitro production of 6-keto-prostaglandin F,, 
by uterine arteries from postmenopausal women (Stein- 
leitner et al), 1989;161:1677-81 

Estrogen replacement and cardiovascular disease: serum 
lipids and blood pressure effects (Hazzard). 
1989; 161:1847-53 (Symposium) i 

Coronary heart disease; see Coronary disease 
Corpus luteum maintenance 

Effects of systemic administration of indomethacin on ovu- 
lation, luteinization, and steroidogenesis in the rabbit 
ovary (Katz et al). 1989;161:1361-6 

Corrections 

Effects of regular and decaffeinated coffee on fetal breath- 
ing and heart rate (Salvadcr HS, Koos BJ) (1989; 160: 
1043-7). 1989; 161:669 

Identification of a deoxyribonucleic acid allelic variant for 
Bl-4 galactosyltransferase expression associated with 
male sperm binding/ penetration infertility (Humphreys- 
Beher MG, Blackwell RE) (1989;160:1160-5). 1989;161: 

816 

Metabolic changes during medical treatment of endome- 
triosis: Nafarelin acetate versus danazol (Burry et al) 
(1989; 160:1454-61). 1989;161:1755 

Perinatal factors influencing atrial natriuretic pep- 
tide levels in umbilical arterial plasma at the time of 
delivery (Castro et al). (1989;161:623-7). 1989;161: 
1238 

Correspondence 

Letters. 1989;161:254-9, 497-503, 834-40, 1087-92, 1416- 

27, 1744-54 
Cortisol; see Adrenal cortex hormones 
Counseling 

Multidisciplinary team counseling for fetal anomalies (Lor- 

enz and Kuhn). 1989;161:263-6 (Clin. opinion) 
Crisis intervention 

Court-ordered cesarean section: an analysis of ethical 
concerns in compelling cases (Elkins et al), 19893161: 
150-4 

‘Critical care , 

Central hemodynamic assessment of normal term preg- 

nancy (Clark et al). 1989;161:1439-42 
Cromer antigen 
Isoimmunization to Cromer antigen in pregnancy (Sacks 
and Garratty). 1989; 161:928-9 

Cultured human fetal cells; see Cells, cultured 
Current development 
_ Current development. 1989;161:1025-34, 1375-84 
Current investigation 

Current investigation. 1989;161:1297-304 
Cystic hygroma; see Lymphangioma 
Cysts 

Pelvic and paraaortic lymphocysts after radical surgery be- 
cause of cervical and ovarian cancer (Petru et al). 
1989; 161:937-41 

Cytobrush; see Cervix uteri, cytology 
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Cytochrome P-450 
Aromatase in human fetal tissues (Doody and Carr). 
1989;161:1694-7 : 
Cytogenetics 
Rapid chromosome analysis with spontaneously dividing 
cells derived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989;161:1546-8 


D 


Danazol 

Buserelin versus danazol in the treatment of endometriosis- 
associated infertility (Fedele et al). 1989;161:871-6 

Elevated serum levels of endometrial secretory protein PP14 
in patients with advanced endometriosis: suppression by 
treatment with danazol and high-dose medroxyproges- 
terone acetate (Telimaa et al). 1989;161:866-71 

Dandy-Walker syndrome 

Dandy-Walker syndrome: a review of fifteen cases evaluated 

by prenatal sonography (Russ et al). 1989;161:401-6 
Death rate, maternal; see Maternal l inortality 
Decidua 

Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ag- 
onists and antagonists (Ivanisevic et al). 1989; 161:1637- 
43 

Deglutition 

Stimuli for fetal swallowing: systemic factors (Ross et al). 

1989;161:1559-65 
Deglutition, animal 

Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161:1049-54 

Delivery 

Comparison of predelivery versus postdelivery Kleihauer— 
Betke stains in cases of fetal death (Owen et al). 
1989; 161:663-6 , 

Increased myometrial responsiveness to oxytocin during 
term and preterm labor (Garfield and Beier). 
1989;161:454-61 . 

Management of the nonvertex second twin: primary cesar- 
‘ean section, external version, or primary breech extrac- 
tion (Gocke et al). 1989;161:111-4 

Perinatal factors influencing atrial natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). 1989;161:623-7 

Perinatal factors influencing atrial natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). (1989;161:623-7). 1989;161:1238 (Correction) 

Relaxin in paired samples of serum and milk from women 
after term and preterm delivery (Eddie et al). 
1989; 161:970-3 

Vaginal birth after cesarean section: a reappraisal of risk 
(Yetman and Nolan). 1989; 161: 1119-23 

Densitometry 

Monitoring skeletal response to estrogen (Mazess et al). 

1989; 161:843-8 (Clin opinion) 
Deoxyribonucleic acid; see DNA 
Deoxyribonucleic acid probes; see DNA probes 
Depression 

Depressive episodes in premenstrual syndrome (Mortola et 
al). 1989;161:1682-7 

Effect of nutrient intake on premenstrual depression (Wurt- 
man et al). 1989;161:1228-34 

Dexamethasone 
Effects of fetal sex and dexamethasone on preterm maternal 
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Dexamethasone—-cont’d 
serum concentrations of human chorionic gonadotropin; 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 
Impact of antenatal dexamethasone administration on re- 
spiratory distress syndrome in surfactant-treated infants 
__ (Farrell et al). 1989; 161:628-33 
Dextrocardia 
Anesthetic management of labor in a patient with dextro- 
cardia, congenitally corrected transposition, Wolff-Par- 
kinson-White syndrome, and congestive heart failure 
(Sellers et al). 1989;161:1001-3 
Diabetes niellitus, animal 
Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989;161:234-40 
Diabetes mellitus in pregriancy; see Pregnancy in diabetes 
Diagnosis, computér-assisted 
Fetal heart rate patterns in the small-for-gestational-age hu- 
man fetus (Gagnon et al). 1989;161:779-84 
Heuristic determination of relevant diagnostic procedures 
in a medical expert system for gynecology (Small and 
Muechler). 1989;161:17-24 (Clin. opinion) 
Diagnosis, differential 
Intrauterine growth retardation: standards for diagnosis 
(Goldenberg et al). 1989;161:271-7 (Clin. opinion) 
Serial human chorionic gonadotropin determinations by 
fluoroimmunoassay for differentiation between intra- 
uterine and ectopic gestation (Lindblom et al). 
1989; 161;397-400 
Diagnostic services 


Heuristic determination of relevant diagnostic procedures . 


in a medical expert system for gynecology (Small and 
Muechler). 1989;161:17-24 (Clin. opinion) 
Diet therapy 
Randomized trial of diet versus diet plus cardiovascular con- 
- ditioning on glucose levels in gestational diabetes (Jova- 
novic-Peterson et al). 1989;161:415-9 
Dietary fats 
Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989; 161:234-40 
Dietary habits; see Food habits 
Diethylstilbestrol 
Colposcopic findings and intraepithelial neoplasia in dieth- 
ylstilbestrol-exposed offspring (Helmerhorst et al). 
1989;161:1191-4 
Dilapan 
Cervical dilation: a comparison of Lamicel and Dilapan 
(Wells and Hulka). 1989;161:1124-6 
Dilatation and curettage 
Cervical dilation: a comparison of Lamicel and Dila apan 
(Wells and Hulka). 1989;161:1124-6 
DNA 
Flow cytometry of normal, hyperplastic, and malignant 
human endometrium (Thornton et al). 1989;161: 
487-92 
Increased frequency of detection of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells during 
pregnancy (Rando et al). 1989;161:50-5 
Mechanism for human papillomavirus transmission at birth 
(Sedlacek et al). 1989;161:55-9 
Rapid determination of fetal sex by deoxyribonucleic acid 
amplification of Y chromosome—specific sequences 
(Pinckert et al). 1989;161:693-8 
DNA, neoplasm 
Flow cytometry of normal, hyperplastic, and malignant 
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human endometrium (Thornton et al). 1989;161: 
487-92 
DNA probes 
Isolation and sequencing of a complementary, deoxyribo- 
nucleic acid clone encoding human placental 176-estra- 
diol dehydrogenase: identification of the putative cofactor 
binding site (Gast et al). 1989;161:1726-31. 
Molecular scanning of Yq11 (interval 6) in, men with Sertoli- 
_ cell-only syndrome (Johnson et al). 1989; 161:1732-7 
DNA probes, HPV 
Increased frequency of detection of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells during 
pregnancy (Rando et al). 1989;161:50-5 
Presence of human papillomavirus deoxyribonucleic acid 
(Beckmann et al) (Letter); (Kaufman et al) (Reply). 
1989; 161:1419-20 
Doppler echocardiography; see Echocardiography, Doppler 
Doppler ultrasound; see Ultrasonic diagnosis 
Doppler velocimetry; see Flowmeters 
Down’s syndrome 
The efficacy of fetal sonographic biometry in Down syn- 
drome screening (Peters et al). 1989;161: 297-300 
Long bone growth in fetuses with Down syndrome (Fitz- 
Simmons et al). 1989;161:1174-7 
Predictive values, relative risks, and overall benefits of high 
and low maternal serum a-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
_ al). 1989;161:291-7 
Prenatal screening for Down syndrome with maternal se- 
rum human chorionic gonadotropin levels (Petrocik et al). 
1989;161:1168-73 
Doxycycline 
Randomized treatment of mucopürulent cervicitis with 
doxycycline or amoxicillin (Paavonen et al). 1989;161: 
128-35 
Drug antagonism 
Antagonism of antihypertensive drug therapy in preg- 
nancy by indomethacin? (Schoenfeld et al). 1989;161: 
1204-5 
Drug induced abnormalities; see Abnormalities, drug in- 
duced 
Drug interactions 
Neuromuscular blockade with magnesium sulfate arid ni- 
fedipine (Snyder and Cardwell). 1989;161:35-6 
Drug resistance, microbial 
Vancomycin during pregnancy: Does it cause hearing loss 
or nephrotoxicity in the infant? (Reyes et al). 
1989;161:977-81 
Drug therapy, combination 
Number clarification requested (Hatjis) (Letter); (Wilkins 
and Lynch) (Reply). 1989;161:1746 
Ductus arteriosus 
Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 
1989; 161:1528-31 : 
Dysgerminoma i 
Seminoma in pubertal patient with androgen insensitivity 
syndrome (Hurt et al). 1989;161:530-1 
Dyspareunia 
A new surgical technique to treat refractory labial fusion in 
the elderly (Johnson et al). 1989;161:289-90 
Dysplasia, cervix; see Cervix dysplasia 
Dystocia 
The effect of continuous epidural analgesia on cesarean 
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section for dystocia in nulliparous women (Thorp et al). 
1989; 161:670-5 


E 
Echocardiography 
Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989;161:1449-53 
Hemodynamic changes during twin pregnancy: a Doppler 
and M-mode echocardiographic study (Robson et al). 
1989;161:1273-8 
Echocardiography, Doppler 
Evaluation of pulsed Doppler echocardiography for mea- 
surement of aortic blood flow in the fetal lamb (Veille et 
al). 1989;161:1610-4 
Hemodynamic changes during twin pregnancy: a Doppler 
and M-mode echocardiographic study (Robson et al). 
1989; 161:1273-8 
Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retar- 
dation (Reed et al): 1989;161:1532-5 
Maternal hemodynamic effects of uterine contractions by 
M-mode and pulsed-Doppler echocardiography (Lee et 
al). 1989;161:974-7 
Right ventricular dysfunction in human fetal compromise 
(Räsänen et al). 1989; 161:136-40 
Eclampsia 
Pulmonary artery catheterization in severe eclampsia 
(Gibbs). 1989; 161:1089 (Letter) 
Ectoderm 
CA 125 in the epithelium closely related to the embryonic 
ectoderm: the periderm and the amnion (Nanbu et al). 
1989; 161:462-7 
Ectopic pregnancy; see Pregnancy, ectopic 
Edema 
Is a decrease in plasma oncotic pressure enough to explain 
the edema of pregnancy? (Valenzuela). 1989;161:1624-7 
Education, medical 
Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989; 161:267- 
70 (Clin. opinion) 
Elderly; see Aged 
Electrocardiography 
Cardiac isoenzymes and electrecardiographic changes dur- 
ing ritodrine tocolysis (Hadi and  Albazzaz). 
1989;161:318-21 
Electroencephalography 
The effect of elevated blood glucose on the electroenceph- 
alogram and cerebral metabolism during short-term brain 
ischemia in fetal sheep (Chao et al). 1989;161:221-8 
Electromyography 
Power spectrum analysis of myometrial electromyogram 
and intrauterine pressure changes in the pregnant rhesus 
monkey in late gestation (Hsu et al). 1989;161:467-73 
ELISA; see Enzyme-linked immunosorbent assay 
Embolism f 
Death caused by air embolism associated with neodym- 
jum:yttrium-aluminum-garnet laser surgery and artificial 
sapphire tips (Baggish and Daniell). 1989;161:877-8 
Embolism, amniotic fluid, animal 
Effect of placental embolization on the umbilical arterial 
velocity waveform in fetal sheep (Morrow et al). 
1989;161:1055-60 
Embryo 
CA 125 in the epithelium closely related to the embryonic 
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ectoderm: the periderm and the amnion (Nanbu et al). 
1989; 161:462-7 
First-trimester midgut herniation: a high-frequency trans- 
vaginal sonographic study (Timor-Tritsch et al). 
1989;161:831-3 
Semen predictors of in vitro fertilization and embryo cleav- 
age (Daya et al). 1989;161:1284-9 
Embryo development; see Fetal development 
Embryo transfer . 
Cervical pregnancy after in vitro fertilization and embryo 
transfer (Weyerman et al). 1989;161:1145-6 - 
Successful twin pregnancy after embryo donation to a pa- 
tient with XY gonadal dysgenesis (Sauer et al). 
1989;161:380-1 
Endometrial hyperplasia 
Flow cytometry of normal, hyperplastic, and malignant hu- 
man endometrium (Thornton et al). 1989;161:487-92 
Endometriosis 
Buserelin versus danazol in the treatment of endometriosis- 
associated infertility (Fedele et al). 1989;161:871-6 
Elevated serum levels of endometrial secretory protein PP14 
in patients with advanced endometriosis: suppression by 
treatment with danazol and high-dose medroxyproges- 
terone acetate (Telimaa et al). 1989;161:866-71 
Lymphocyte activity in the presence of peritoneal fluid from 
fertile women anc infertile women with and without en- 
dometriosis (Hill and Anderson). 1989;161:861-4 
Peritoneal blood painting: an aid in the diagnosis of en- 
dometriosis (Redwine). 1989; 161:865-6 
Endometritis 
Antibiotics for postcesarean 
1989;161:1087 (Letter) 
Endometrium 
The cancer question: an overview of recent epidemiologic 
and retrospective data (Henderson). 1989;161:1859-64 
(Symposium) ; 
Epidermal growth factor receptor expression in normal and 
malignant endometrium (Berchuck et al). 1989;161:1247- 
52 
Flow cytometry of normal, hyperplastic, and malignant 
human endometrium (Thornton et al). 1989;161: 
487-92 
Immunocytochemical study of ras and myc proto-oncogene 
polypeptide expression in the human menstrual cycle 
(Odom et al). 1989;161:1663-8 
Immunohistochemical expression of TAG-72 in normal and 
malignant endometrium: correlation of antigen expres- 
sion with estrogen receptor and progesterone receptor 
levels (Soisson et al). 1989;161:1258-63 
Peri-implantation phase endometrial estrogen and proges- 
terone receptors: effect of ovulation induction with clo- 
miphene citrate (Hecht et al). 1989; 161:1688-93 
Prognostic significance of steroid receptors measured in pri- 
mary metastatic and recurrent endometrial carcinoma 
(Borazjani et al). 1989;161:1253-7 
Endometrium, cytology 
Double endometrial aspirative biopsy (Quilez et al). 
1989;161:1426-7 (Letter) 
Endomyometritis; see Myometrium, microbiology 
Endorphins 
Fetal intermediate lobe is stimulated by parturition (Fac- 
chinetti et al). 1989;161:1267-70 
Endothelium, vascular 
Lipid peroxidation in pregnancy: new perspectives on pre- 
eclampsia (Hubel et al). 1989;161:1025-34 (Curr. dev.) 


endometritis (Duff). 
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Endothelium, vascular-—~cont’d 
Preeclampsia: an endothelial cell disorder (Roberts et al). 
1989;161:1200-4 
Endothelium, vascular, animal 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989;161:1605-10 
In vitro release of endothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig preg- 
nancy (Weiner et al). 1989;161:1599-605 
Endothelium-derived relaxing factor 
In vitro release of endothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig preg- 
nancy (Weiner et al). 1989;161:1599-605 
Enzyme-linked immunosorbent assay 
Sperm antibodies and infertility (Shulman) (Letter); (Wit- 
kin) (Reply). 1989;161:497-9 
Epidemiology 
Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 
Epidermal growth factor receptors; sce Receptors, epidermal 
growth factor-urogastrone 
Epidermal growth factor-urogastrone 
Assessment of epidermal growth factor in the healing pro- 
cess of clean full-thickness skin wounds (Jijon et al). 
1989; 161:1658-62 
Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989;161:1313-7 
Epidermal growth factors; see Growth substances 
Epidural analgesia; see Analgesia, epidural 
Epinephrine 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989; 16151605-10 
Erythroblastosis, fetal; see also Rh isoimmunization 
Frequency and timing of intravascular intrauterine trans- 
fusions reconsidered (Voto and Margulies) (Letter); (Socol 
et al) (Reply). 1989; 161:255-6 
Isoimmunization to Cromer antigen in pregnancy Cas 
and Garratty). 1989; 161:928-9 
Pulsed Doppler flow-velocity waveforms in the prediction 
of fetal hematocrit of the severely isoimmunized preg- 
nancy (Copel et al). 1989;161:341-4 
Erythropoiesis 
Cordocentesis in the investigation of fetal erythropoiesis 
(Nicolaides et al). 1989; 161:1197-200 
Esterases 
Esterase activity in second- and third-trimester amniotic 
fluid: an indicator of chorioamnionitis (Hoskins et al). 
1989; 161:1543-5 
Estradiol 
Effect of a 48-hour A‘-androstenedione infusion on the 
pregnant rhesus monkey in the last third of gestation: 
changes in maternal plasma estradiol concentrations 
and myometrial contractility (Figueroa et al). 1989; 161: 
481-6 
Effects of fetal sex and dexamethasone on preterm maternal 
serum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 
Mechanisms that subserve estradiol’s induction of increased 
prolactin concentrations: evidence of amplitude modu- 
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lation of spontaneous prolactin secretory bursts (Veldhuis 
et al). 1989;161:1149-58 

Treatment of oophorectomized guinea pigs with intrauter- 
ine 178-estradiol pellets may modulate myometrial B- 
adrenergic receptor binding properties (Hatjis et al). 
1989; 161:1628-32 

Up-regulation of guinea pig myometrial adenylate cyclase 
activity by intrauterine estradiol and progesterone pellets 
(Hatjis and Koritnik). 1989; 161:1073-8 

Estradiol dehydrogenase 

Isolation and sequencing of a complementary deoxyribo- 
nucleic acid clone encoding human placental 178-estra- 
diol dehydrogenase: identification of the putative cofactor 
binding site (Gast et al). 1989;161:1726-31 

Estradiol valerate 

Pattern of human chorionic gonadotropin binding in the 

polycystic ovary (Brawer et al). 1989;161:474-80 
Estriol 

Effects of fetal sex and dexamethasone on preterm maternal 
serum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 

Estrogens 

Effect of a 48-hour A‘-androstenedione infusion on the 
pregnant rhesus monkey in the last third of gestation: 
changes in maternal plasma estradiol concentrations 
and myometrial contractility (Figueroa et al). 1989;161: 
481-6 

Estrogens, biosynthesis 

Biosynthesis and physiologic effects of estrogen and patho- 
physiologic effects of estrogen deficiency: a review 
(Utian). 1989;161:1828-31 (Symposium) 

Estrogens, deficiency 

Biosynthesis and physiologic effects of estrogen and patho- 
physiologic effects of estrogen deficiency: a review 
(Utian). 1989;161:1828-31 (Symposium) 

Decreased in vitro production of 6-keto-prostaglandin Fia 
by uterine arteries from postmenopausal women (Stein- 
leitner et al). 1989;161:1677-81 

Estrogen replacement therapy: an overview (Mishell). 
1989; 161:1825-7 (Symposium) 

Estrogens, physiology 

Biosynthesis and physiologic effects of estrogen and patho- 
physiologic effects of estrogen deficiency: a review 
(Utian). 1989;161:1828-31 (Symposium) 

Estrogens, therapeutic use 

Biosynthesis and physiologic effects of estrogen and patho- 
physiologic effects of estrogen deficiency: a review 
(Utian). 1989;161:1828-31 (Symposium) 

The cancer question: an overview of recent epidemiologic 
and retrospective data (Henderson). 1989;161:1859-64 
(Symposium) 

Compliance considerations with estrogen replacement: 
withdrawal bleeding and other factors (Hahn). 
1989; 161:1854-8 (Symposium) 

Estrogen replacement and cardiovascular disease: serum 
lipids and blood pressure effects (Hazzard). 
1989; 161:1847-53 (Symposium) 

Estrogen replacement therapy: indications, contraindica- 
tions, and agent selection (Notelovitz). 1989;161:1832-41 
(Symposium) 

Estrogen replacement therapy: an overview (Mishell). 
1989; 161:1825-7 (Symposium) 

Estrogen replacement therapy: what the future holds (Ham- 
mond). 1989;161:1864-8 (Symposium) 
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Estrogens in the prevention of osteoporosis in postmeno- 
pausal women (Genant et al). 1989;161:1842-6 (Sympo- 
sium) 

Monitoring skeletal response to estrogen (Mazess et al). 
1989; 161:843-8 (Clin opinion) 

Twin pregnancy in premature ovarian failure after estrogen 
treatment: a case report (Tang and Sawers). 
1989;161:172-3 

Estrone 

Effects of fetal sex and dexamethasone on preterm maternal 
serum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 

Ethics, medical 

Basic reference gambles recommended for utility assess- 
ment (Thornton and Lilford) (Letter); (Silver and Min- 
ogue) (Reply). 1989; 161:256-7 

The challenge of change revisited (Greiss). 1989;161:505-9 
(Pres, address) 

Court-ordered cesarean section: an analysis of ethical 
concerns in compelling cases (Elkins et al). 1989;161; 
150-4 

Ethnic groups 

Cervical cancer in Jewish women (Glezerman et al). 

1989; 161:1186-90 
Exercise 

The effects of maternal exercise on early pregnancy out- 
come (Clapp). 1989; 161:1453-7 

Exercise prescription in pregnancy: weight-bearing versus 
non-weight-bearing exercise (Artal et al). 1989; 161:1464- 
9 

Exercise test 

Exercise prescription in pregnancy: weight-bearing versus 
non-weight-bearing exercise (Artal et al). 1989; 161:1464- 
9 

Oxygen consumption during treadmill exercise before, dur- 
ing, and after pregnancy (Clapp). 1989; 161:1458-64 

Predicting maximal oxygen uptake from treadmill testing 
in trained and untrained women (Martin et al). 
1989;161:1127-32 

Exercise therapy 

Randomized trial of diet versus diet plus cardiovascular con- 
ditioning on glucose levels in gestational diabetes (Jova- 
novic-Peterson et al). 1989;161:415-9 

Experimental design; see Research design 


F 


False positive reactions 
Specifics of specificity and sensitivity (Kadar) (Letter); (Ko- 
lins) (Reply). 1989; 161:1416-7 
Fatty acids ` 
Absorption of oral progesterone is influenced by vehicle and 
particle size (Hargrove et al). 1989;161:948-51 
Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal sheep (Ogburn et al). 
1989; 161:728-32 
Fatty liver 
Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: an unusual case report and a 
review of the literature (Hannah et al). 1989;161:322-3 
Femur 
The efficacy of fetal sonographic biometry in Down syn- 
drome screening ‘Peters et al). 1989; 161:297-300 
Race and gender factors omitted from results (Ansbacher) 
(Letter); (Goldstein) (Reply). 1989; 161:502-3 


Subject index 1793 


Fenestration 
Recurrence of functional ovarian cysts after laparoscopic 
fenestration (De Wilde). 1989;161:839 (Letter) 
Fentanyl 
Fentanyl citrate analgesia during labor (Rayburn et al). 
1989;161:202-6 
Ferritin 
Role of ferritin supported in diagnosis of anemias of preg- 
nancy (Goodlin) (Letter); (Schifman) (Reply). 
1989;161:258-9 
Fertility 
Fertility after ectopic pregnancy (Mitchell et al). 
1989;161:576-80 f 
Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989;161:234-40 
Lymphocyte activity in the presence of peritoneal fluid from 
fertile women and infertile women with and without en- 
dometriosis (Hill and Anderson). 1989;161:861-4 
Subsequent fertility in women who undergo cardiac surgery 
(Nunley et al). 1989;161:573-6 
Fertilization 
Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization (Mori et al). 
1989;161:207-1] 
Fertilization in vitro 
Cervical pregnancy after in vitro fertilization and embryo 
transfer (Weyerman et al). 1989;161:1145-6 
Effects of platelet activating factor on mouse oocyte fertil- 
ization in vitro (Minhas et al). 1989;161:1714-7 
Ovarian hyperstimulation presenting as acute hydrothorax 
after in vitro fertilization (Kingsland et al). 1989;161:381- 
2 
Semen predictors of in vitro fertilization and embryo cleav- 
age (Daya et al). 1989;161:1284-9 
Fetal anemia; see Fetal hemoglobin 
Fetal anoxia 
Renal artery flow-velocity waveforms in normal and hyp- 
oxemic fetuses (Vyas et al). 1989;161:168-72 
Fetal anoxia, animal 
Effects of cephalic hypotension, hypertension, and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissonnette), 1989;161:1344-51 
Fetal blood 
Blood gases, pH, and lactate in appropriate- and small-for- 
gestational-age fetuses (Nicolaides et al). 1989;161:996- 
1001 
Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow (Divon et al). 
1989; 161:1523-7 
Cordocentesis in the diagnosis of intrauterine starvation 
(Economides et al). 1989;161: 1904-8 
Cordocentesis in the investigation of fetal erythropoiesis 
(Nicolaides et al). 1989;161:1197-200 
Detection of fetal blood (Leiberman et al) (Letter); (Card- 
well) (Reply). 1989; 161:257-8 
Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989;161:1514-8 
Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 
1989; 161:1528-31 
Duplex Doppler ultrasonographic evaluation of the fetal 
renal artery in normal and abnormal fetuses (Veille and 
Kanaan). 1989;161:1502-7 
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Fetal blood—cont’d 

Effect of acute intravascular volume expansion on human 
fetal prostaglandin concentrations (Weiner and Robil- 
lard). 1989;161:1494-7 

Effect of diagnostic and therapeutic cordocentesis on ma- 
ternal serum a-fetoprotein concentration (Weiner et al). 
1989;161:706-8 

The effect of intravascular transfusion on umbilical venous 
pressure in anemic fetuses with and without hydrops 
(Weiner et al). 1989;161:1498-501 

Fetal blood gas analysis from cordocentesis for abnormal 
fetal heart rate patterns (Shah and Boehm). 
1989;161:374-6 

Fetal hyperinsulinism in anencephaly (Hubinont et al). 
1989;161:306-7 

Fetal intermediate lobe is stimulated by parturition (Fac- 
chinetti et al). 1989;161:1267-70 

Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retar- 
dation (Reed et al). 1989;161:1532-5 

Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: relationship to outcome (Brar et al). 
1989;161:1519-22 

Normal values for human umbilical venous and amniotic 
fluid pressures and their alteration by fetal disease (Wei- 
ner et al). 1989;161:714-7 

Plasma atrial natriuretic peptide in human fetus: response 
to intravascular blood transfusion (Panos et al). 
1989;161:357-61 

Prediction of hematocrit decline after intravascular fetal 
transfusion (MacGregor et al). 1989;161:1491-3 

Prolactin levels in umbilical cord blood of human infants: 
relation to gestational age, maternal complications, 
and neonatal lung function (Parker et al). 1989;161: 
795-802 

Rapid chromosome analysis with spontaneously dividing 
cells derived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989;161:1546-8 

Routine umbilical cord blood gas determinations? (Thorp 
et al). 1989;161:600-5 

Techniques differ in use of Doppler ultrasonography (East- 
erling and Benedetti) (Letter); (Lee and Rokey) (Reply). 
1989; 161:1748-50 

Thrombocytopenia. and cordocentesis clarifications re- 
quested (Weiner). 1989;161:1091-2 (Letter) 

Transfer of prostaglandins to the fetus after prostaglandin 
E, vaginal pessary administration (MacKenzie et al). 
1989; 161:920-3 

Fetal blood, animal 

Evaluation of pulsed Doppler echocardiography for mea- 
surement of aortic blood flow in the fetal lamb (Veille et 
al). 1989;161:1610-4 

Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161:1049-54 

Intrauterine growth retardation and the circulatory re- 
sponses to acute hypoxemia in fetal sheep (Block et al). 
1989;161:1576-9 

Ovine fetal cardiovascular responses to packed red blood 
cell transfusions (Brace). 1989;161:1367-74 

Fetal blood, immunology 

Fetal cardiac output in the isoimmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 
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Fetal heart rate patterns in red blood cell isoimmunized 
pregnancies (Nicolaides et al). 1989;161:351-6 

Maternal-fetal glucose gradient in normal pregnancies and 
in pregnancies complicated by alloimmunization and fetal 
growth retardation (Nicolini et al). 1989;161:924-7 

Pulsed Doppler flow-velocity waveforms in the prediction 
of fetal hematocrit of the severely isoimmunized preg- 
nancy (Copel et al). 1989;161:341-4 

Fetal death 

Analysis of fetal loss after transcervical chorionic villus sam- 
pling a review of 719 patients (Wade and Young). 
1989; 161:513-9 

Comparison of predelivery versus postdelivery Kleihauer— 
Betke stains in cases of fetal death (Owen et al). 
1989; 161:663-6 

Does midtrimester AOD459 of amniotic fluid reflect severity 
of Rh disease? (Ananth and Queenan). 1989;161:4'7-9 

Fetal death: diagnosis and management (Merlob). 
1989; 161:254 (Letter) 

Fetal death from chlamydial infection across intact amniotic 
membranes (Thorp et al). 1989;161:1245-6 

Fetomaternal hemorrhage possible cause of fetal distress 
and death (Cardwell and Snyder) (Letter); (Biddinger et 
al) (Reply). 1989;161:1744 

Missed abortion: Still appropriate terminology? (Pridjian 
and Moawad). 1989;161:261-2 (Clin. opinion) 

Perinatal death as a result of social factors (Fribourg) (Let- 
ter); (Delke and Minkoff) (Reply). 1989;161:1748 

Predictive value of increased plasma levels of fibronectin in 
gestational hypertension (Ballegeer et al). 1989; 161:432- 
6 : 


Predictive values, relative risks, and overall benefits of high 
and low maternal serum «-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
al), 1989;161:291-7 

Pregnancy loss in a small chorionic villus sampling series 
(Clark et al). 1989;161:301-2 

The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies in a general ob- 
stetric population (Lockwood et al). 1989;161:369-73 

Twin-to-twin transfusion syndrome: What are appropriate 
diagnostic criteria? (Danskin and Neilson). 1989; 161:365- 
9 

Fetal death, animal 

Effect of inhibiting prostaglandin synthesis in 2 pregnant 
sheep with 4-aminoantipyrine under normothermic and 
hyperthermic conditions (Andrianakis et al). 
1989; 161:241-7 , 

Fetal development 

Concurrence of mouthing movement and rapid eye move- 
ment/non—rapid eye movement phases with advance in 
gestation of the human fetus (Horimoto et al). 
1989; 161:344-51 

Dating the early pregnancy by sequential appearance of 
embryonic structures (Warren et al). 1989;161:747-53. 

Estimating gestational age in the term pregnancy with’ a 
model based on multiple indices of fetal maturity (Gold- 
stein et al). 1989;161:1235-8 

Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion) 

Fetal radius length: a critical evaluation of race as a 
factor in gestational age assessment (Hill et al). 1989; 
161:193-9 

Individual growth curve standards in twins: prediction of 
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third-trimester growth and birth characteristics (Stefos et 
al). 1989;161:179-83 ` 
Long bone growth in fetuses with Down syndrome (Fitz- 
Simmons et al). 1989;161:1174-7 
A longitudinal study of the relationship between placental 
and fetal growth as measured by ultrasonography (Wolf 
etal). 19895161: 1140-5 
Low amniotic pressure ‘in’ oligohydramnios Is this the 
cause ‘of pulmonary hypoplasia? (Nicolini et al). 
1989;161:1098-101 (Clin. opinion) : 
Normal amniotic fluid volume changes throughout preg- 
nancy (Brace and Wolf ). 1989; 161:382-8 
Plasma amino acids in appropriate- and’ small- -for-gesta- 
tional-age fetuses (Economides et al). 1989;161:1219-27 
The predictive value of fetal breathing movernent and 
Bishop score in the diagnosis of “true” preterm labor 
(Schreyer et al). 1989;161:886-9 
Stimuli for fetal swallowing: sere factors (Ross et al). 
1989; 161:1559-65 
Ultrasonographic measurement of fetal femur length in 
growth disturbances (Abramowicz et al). 1989;161:1137- 
40 
Fetal development, animal 
In vivo administration of allopurinol affects ovulation and 
early embryonic development in rabbits (Miyazaki et al). 
1989;161:1709-14 
Fetal development, epidemiology 
Fetal radius length: a critical evaluation of race as a factor 
in gestational age assessment (Hill et al). 1989;161: 
193-9 
` Fetal diseases; see also Abnormalities 
Abscess of allantoic duct remnant (Baill et al). 1989; 161:334- 
6 y 
Amniotic fluid acetylcholinesterase ratios in prenatal diag- 
nosis of fetal abnormalities (Kelly et al). 1989;161:703-5 
Antenatal ultrasonographic diagnosis of fetal seizure activity 
(Landy et al). 1989;161:308 
Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989; 161:503 
First-trimester and early second-trimester diagnosis of nu- 
chal cystic hygroma by transvaginal sonography: diverse 
prognosis of the septated from the nonseptated lesion 
(Bronshtein et al). 1989;161:78-82 
First-trimester midgut herniation: a high-frequency trans- 
vaginal sonographic study (Timor-Tritsch et al). 
1989; 161:831-3 
In utero cocaine exposure: observations of fetal behavioral 
state may prédict neonatal outcome (Hume et al). 
1989; 161:685-90 
Isolation of human immunodeficiency virus from the pla- 
centa or from maternal blood contaminating the placenta? 
(Greenspoon and Settlage) (Letter); (Hill et al) (Reply). 
1989;161:501-2 j 
Noninvasive management of isolated bilateral fetal hydro- 
thorax (Pijpers et al). 1989;161:330-2 
Normal values for human umbilical venous and amniotic 
fluid pressures and their alteration by fetal disease (Wei- 
ner et al), 1989;161:714-7 
Fetal distress 
Acid-base status at birth and neurodevelopmental outcome 
at four and one-half years (Dennis et al). 1989;161:213- 
20 . 
Effects of maternal hyperoxia on the biophysical assessment 
of fetuses with suspected intrauterine growth retardation 
(Ruedrich et al). 1989;161:188-92 
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Fetal blood gas analysis from cordocentesis for abnormal 
fetal heart rate patterns (Shah and Boehm), 
1989;161: 374-6 ; 

Fetomaternal hemorrhage. possible cause of fetal distress 
and death (Cardwell and Snyder) (Letter); (Biddinger et 
al) (Reply). 1989;161: 1744 : 

Intrapartum Doppler velocimetry, amniotic fluid volume, 
and fetal heaft rate as predictors of subsequent fetal dis- 
tress. I. An initial report (Sarno et al). 1989; 161:1508-14 

Perinatal factors influencing atria! natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). 1989;161:623-7 

Perinatal factors influencing atria: natriuretic peptide levels 
iri umbilical arterial plasma at the time of delivery (Castro 
et al). (1989; 161:623-7). 1989;161:1238 (Correction) 

Right ventricular dysfunction in human fetal compromise 
(Räsänen et al). 1989;161:136-40 

Usefulness of continuous fetal heart rate monitoring during 

- cesarean section (Petrikovsky et al). 1989;161:36-7 


Fetal distress, animal 


Effects of cephalic hypotension, Kereno and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
_imer and Bissonnette). 1989; 161:1344-51 

The use of an indwelling Doppler probe to study acute 
changes in umbilical artery waveforms in the fetal sheep 
(Abitbol et al). 1989;161:1324-31 


Fetal growth retardation 


Blood gases, pH, and lactate in appropriate- and small-for- 
gestational-age fetuses (Nicolaides et al), 1989;161:996- 
1001 

Doppler velocimetry and placental disease (Bracero et al). 
1989; 161:388-93 

Duplex Doppler ultrasonographic evaluation of the fetal 
renal artery in normal and abnormal fetuses (Veille and 
Kanaan). 1989;161:1502-7 

Effect of placental laterality ori uterine artery resistance and 
development of preeclampsia and intrauterine growth re- 
tardation (Kofinas et al). 1989;161:1536-9 

Effects of maternal hyperoxia on the biophysical assessment 
of fetuses with suspected intrauterine growth retardation 
. (Ruedrich et al). 1989;161:188-92 

Fetal heart rate patterns in the small-for-gestational-age hu- 
man fetüs (Gagnon et al). 1989;161:779:84 

Glycemic control in gestational diabetes mellitus How tight 
is tight enough: Small for gestational age versus large for 
gestational age? (Langer et al). 1989;161:646-53 

Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retar- 
dation (Reed et al). 1989;161:1532-5. 

Intrauterine growth retardation: standards for diagnosis 
(Goldenberg et al). 1989;161:271-7 (Clin. opinion) 

Maternal-fetal glucose gradient in normal pregnancies and 
in pregnancies complicated by alloimmunization and fetal 
growth retardation (Nicolini et al). 1989;161:924-7 

Plasma amino acids iù appropriate- and small-for-gesta- 
tional-age fetuses (Economides et al). 1989;161:1219-27 

Ultrasonographic measurement of feial femur length in 
growth disturbances (Abramowicz et al). 1989; 161:1137- 
40 

Which is better, Üie small or thin? (Nikliński) (Letter); 
(Patterson) (Reply). 1989;161:1989-90 

Fetal growth retardation, animal 

Effect of placental embolization on the umbilical arterial 
velocity. waveform in fetal sheep (Morrow et al). 
1989; 161:1055-60 
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Fetal growth retardation, animal—cont’d 
Intrauterine growth retardation and the circulatory re- 
sponses- to acute hypoxemia in fetal sheep (Block et al). 
1989;161:1576-9 
Pulmonary B- To receptors and response do not ma- 
ture precociously in growth-retarded rabbit fetuses (Lee 
et al). 1989;161:1044-9 
Fetal heart 
‘etal and neonatal eardiovasstlar complications from ß- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion) 
Fetal cardiac output in the isoimmunized pregnancy: a 


pulsed Doppler-echocardiographic study of patients un-. 


dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 

Fetal heart rate patterns in red blood cell isoimmunized 
pregnancies (Nicolaides et al). 1989;161:351-6 

Right ventricular dysfunction in human fetal compromise 

_ (Räsänen et al), 1989;161:136-40 

Fetal heart rate; see Heart rate, fetal 
Fetal hemoglobin : 

Detection. of fetal blood (Leiberman et al) (Letter); (Card- 
well) (Reply). 1989; 161:257-8 

Does midtrimester AOD of amniotic fluid reflect severity 
of Rh disease? (Ananth and Queenan). 1989;161:47-9 

Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989;161:42-6 

Fetal hydrops; sce Hydrops fetalis 
Fetal hydrothorax; see Hydrothorax 
Fetal macrosomia 

Glycemic control in gestational diabetes mellitus How tight 
is tight enough: Small for gestational age versus large for 
gestational age? (Langer et al). 1989;161:646-53 

Macrosomia in the postdate pregnancy: Is routine ultrason- 
ographic screening indicated? (Cherygnak et al). 
1989; 161:753-6 

Fetal maturity, chronologic; see Gestational age 
Fetal membranes 

Abscess of allantoic duct remnant (Baill et al). 1989; 161:334- 
6 

Fetal death from chlamydial infection across intact amniotic 
membranes (Thorp et al). 1989;161:1245-6 

Prostaglandin E, metabolism in the human fetal membranes 
(Cheung and Challis). 1989;161:1580-5 

Fetal membranes, premature rupture 

Impact of residual amniotic fluid volume in patients receiv- 
ing parenteral tocolysis after premature rupture of the 
membranes (Silver et al). 1989;161:784-7 

Prolongation of pregnancy and survival of twin B after loss 
of twin A at 21 weeks’ gestation (Feichtinger et al). 
1989; 161:891-3 

Risk factors for intraamniotic infection: a prospective epi- 
demiologic study (Soper et al). 1989;161:562-8 

Saline solution amnioinfusion for oligohydramnios after 
premature rupture of the membranes (Imanaka et al). 
1989;161:102-6 

Fetal monitoring - 

Continuous fetal monitoring with a pulse oximeter: a case 
of cord compression (Johnson and Johnson). 
1989;161:1295-6 

Continuous tissue pH monitoring in the term fetus (Small 
et al). 1989; 161:323-9 

Effects of maternal hyperoxia on the biophysical assessment 
of fetuses with suspected intrauterine growth retardation 
(Ruedrich et al). 1989;161:188-92 
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Fetal blood gas analysis from cordocentesis for abnormal 
fetal heart raté patterns (Shah and Boehm). 
1989; 161:374-6 

Fetal heart rate patterns in red blood cell isoimmunized 
pregnancies (Nicolaides et al). 1989;161:351-6 

Postdate fetal surveillance: Is 41 weeks too early? (Guidetti 
et al). 1989;161:91-3 

Preterm and term fetal cardiac and movement responses to 
vibratory acoustic stimulation (Thomas et al). 
1989;161:141-5 

Renal artery flow-velocity waveforms in normal and hyp- 
oxemic fetuses (Vyas et al). 1989;161:168-72 

- Risk factors for intraamniotic infection: a prospective epi- 
demiologic study (Soper et al). 1989;161:562-8 

Usefulness of continuous fetal heart rate monitoring 
during cesarean section (Petrikovsky et al). .1989;161: 
36-7 

Fetal movement 

Concurrence of mouthing movement and rapid eye move- 
ment/non-rapid eye movement phases with advance in 
gestation of the human fetus (Horimoto et al). 
1989; 161:344-51 : 

The effect of vibroacoustic stimulation on the nonstress test 
at gestational ages of thirty-two weeks or less (Druzin et 
al). 1989;161:1476-8 

Effects of low-frequency dadn on human term fetuses 
(Gagnon et al). 1989; 161:1479-85- 

The effects of vibroacoustic stimulation on baseline heart 
rate, breathing activity, and body movements of normal 
term fetuses (Devoe et al). 1989;161:524-9 

Human fetal behavioral states after vibratory stimulation 
(Gagnon et al). 1989;161:1470-6 

Preterm and term fetal cardiac and movement responses to 
vibratory acoustic stimulation (Thomas et al). 
- 1989;161:141-5- 

Fetal organ maturity 

Measurement of fetal urine "production in normal preg- 
nancy. by real-time ultrasonography (Rabinowitz et al). 
1989;161:1264-6 

Ovine fetal lung fluid response to atrial natriuretic factor 
(Castro et al). 1989;161:1337-43 

Pulmonary B-adrenergic receptors and response do not ma- 
ture precociously in growth-retarded rabbit fetuses (Lee 
et al). 1989;161:1044-9 - 

Surfactant proteins in the diagnosis of fetal lung maturity. 
II. The 35 kd protein and phospholipids in complicated 
pregnancy (Hallman et al). 1989;161:965-9 

Uselessness of the phosphatidylglycerol assay for prediction 
of lung maturity (Egberts and Wijnands) (Letter); ( Fadel) 

, (Reply). 1989;161:1417-8 ` ' 
Fetal presentation, breech; see Breech presentation 


` Fetal proteins 


Immunoregulatory activity in supernatants from cultures of 
normal human trophoblast cells of the first trimester (San- 
yal et al). 1989;161:446-53 

Fetal scalp monitoring; see Fetal monitoring 
Fetal transfusion; sce Blood transfusion, intrauterine 


. Fetal viability 


Renal artery flow-velocity waveforms in normal and hyp- 
oxemic fetuses (Vyas et al). 1989;161:168-72 
Fetofetal transfusion 
Perinatal outcome in very preterm births with twin-twin 
transfusion syndrome (Shan and Chaffin). 1989; 161: 
1111-3 
Twin-to-twin transfusion syndrome: What are appropriate 
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diagnostic criteria? (Danskin and Neilson). 1989; 161:365- 
9 i ; 
Fetomaternal transfusion 
Comparison of predelivery versus postdelivery Kleihauer— 
Betke stains in cases of fetal death (Owen et al). 
1989; 161:663-6 
Fetomaternal hemorrhage posibi cause of fetal distress 
and death (Cardwell and Snyder) (Letter); (Biddinger et 
al) (Reply). 1989;161:1744 — > 
a-Fetoproteins; see Alpha fetoproteins 
Fetus 
Effects of fetal sex and dexamethasone on preterm maternal 
serum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 
Effects of maternal hyperoxia on the biophysical assessment 
of fetuses with suspected intrauterine growth retardation 
(Ruedrich et al). 1989;161:188-92 
The efficacy of fetal sonographic biometry in Down syn- 
drome screening (Peters et al). 1989;161:297-300 
Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989;161:42-5 
Fetus, abnormalities 
Comparison of six different ultrasonographic methods for 
predicting lethal fetal pulmonary hypoplasia (Vinitgileos 
et al). 1989;161:606-12 
Early pregnancy glycosylated hemoglobin, severity of dia- 
betes, and fetal malformations (Lucas et al). 
1989; 161:426-31 
Fetal hyperinsulinism in anencephaly (Hubinont et al). 
1989; 161:306-7 
Multidisciplinary team counseling for fetal anomalies (Lor- 
enz and Kuhn), 1989;161:263-6 (Clin. opinion) 
Fetus, animal 
Does furosemide alter the hemodynamic response to rapid 
intravascular transfusion of the anemic fetal lamb (Chest- 
nut et ai), 1989;161:1571-5 
The effect of elevated blood glucose on the electroenceph- 
alogram and cerebral metabolism during short-term brain 
ischemia in fetal sheep (Chac et al). 1989;161:221-8 
Effect of prolonged hypoxemia on fetal heart rate accel- 
erations and decelerations in sheep (Bocking et al). 
- 1989;161:722-7 ; 
Effects of cephalic hypotension, hypertension, and barbi- 
‘turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissonnette). 1989;161:1344-51 
Fetal vascular responses to maternal nicardipine adminis- 
tration in the hypertensive ewe (Parisi et al). 
1989; 161:1035-9 
Ovine fetal cardiorespiratory response to nicardipine (Hol- 
brook et al). 1989;161:718-21 
Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal sheep (Ogburn et al). 
1989; 161:728-32 
Fetus, cytology 
Aromatase in human fetal tissues (Doody and Carr). 
1989; 161:1694-7 
High glucose level decreases proliferation of cultured hu- 
man fetal cells from placenta (Nelson and Curran). 
1989; 161:1553-8 
Fever 
Effect of inhibiting prostaglandin synthesis in pregnant 
sheep with 4-aminoantipyrine under normothermic and 
hyperthermic conditions (Andrianakis et al). 
1989; 161:241-7 
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Fibroblasts 
Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989; 161:1313-7 
Fibronectins 
Predictive value of increased plasma levels of fibronectin in 
lige Mpeni (Ballegeer et al). 1989;161:432- 


pe trimester pregnancy; see Pregnancy trimester, first 
Flow cytometry 
Flow cytometry of. normal; yperpissti, and malignant hu- 
- man endometrium (Thornton et al). 1989;161:487-92 
A monoclonal antibody (MSN-1) against a newly established 
uterine endometrial cancer cell line (SNG-IJ} and its ap- 
plication to immunohistochemistry and flow cytometry 
(Nozawa et al). 1989;161:1079-86 
Flowmeters 
Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow (Divon et al). 
1989; 161:1523-7 
Discordant twins a prospective study of the diagnostic 
value of real-time ultrasonography combined with um- 
bilical artery velccimetry (Divon et al). 1989;161:757-60 
Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989;161:1514-8 
Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 
1989;161:İ528-31 l 
Doppler umbilical artery RT indices normal values 
from fourteen to forty-two weeks (Hendricks et al). 
1989;161:761-5 
Duplex Doppler ultrasonographic evaluation of the fetal 
renal artery in normal and abnormal fetuses (Veille and 
Kanaan). 1989;161:1502-7 
Evaluation of pulsed Doppler echocardiography for mea- 
surement of aortic blood flow in the fetal lamb (Veille et 
al). 1989;161:1610-4 
Intrapartum Dopp:er velocimetry, amniotic fluid volume, 
and fetal heart rate as predictors of subsequent fetal 
distress. I. An initial reper (Sarno et al). 1989;161: 
1508-14 
Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: relationship to outcome (Brar et al). 
1989; 161:1519-22 . 
Renal artery How-velocity waveforms in normal and hyp- 
oxemic fetuses (Vyas et al). 1985;161:168-72 
Screening with Doppler velocimetry in labor (Feinkind et 
al). 1989;161:765-70 
Systolic/diastolic ratios and waveform shapes (Bewley) (Let- 
ter); (Schulman) ‘Reply). 1989;161:1420-1 | 
Techniques differ in use of Doppler ultrasonography (East- 
erling and Benedetti) (Letter); (Lee and Rokey) (Reply). 
1989; 161:1748-50 
The use of an indwelling Doppler probe to study acute 
changes in umbilical artery waveforms in the fetal sheep 
(Abitbol et al). 1989;161:1324-31 
The use of color Doppler imaging for prenatal diagnosis of 
umbilical cord anomalies: report of three cases ( Jauniaux 
et al). 1989;161:1195-7 
Fluid balance; see Water-electrolyte balance 
Fluid therapy 
Controlled trial of hydration and bed. rest versus bed rest 
alone in the evaluation of preterm uterine contractions 
(Pircon et al). 1989;161:775-9 


1798 Subject index 


Fluoroimmunoassay 
Serial human chorionic gonadotropin determinations by 
flucroimmunoassay for differentiation between intra- 
uterine and ectopic gestation (Lindblom et al). 
. 1989; 161:397-400 
Follicular cyst 
Pattern of human chorionic gonadotropin binding in the 
polycystic ovary (Brawer et al). 1989;161:474-80 
Food habits 
Risk factors for vulvar lichen sclerosus (Sideri et al). 
1989; 161:38-42 
Forceps; see Obstetrical forceps 
Forskolin 
Uncoupling of excitation from contraction in uterine 
smooth muscle in near-term ewes (Reid et al). 
_ 1989;161:229-33 
Free radicals 
In vivo administration of allopurinol affects ovulation and 
early embryonic development in rabbits (Miyazaki et al). 
1989;161:1709-14 
Frontal bone, growth 
Iri utero diagnosis of benign fetal macrocephaly (DeRosa et 
al). 1989;161:690-2 ` 
Funicitis; see Umbilical cord 
Furosemide 
Does furosemide alter the hemodynamic response to rapid 
intravascular transfusion of the anemic fetal lamb (Chest- 
nut et al). 1989;161:1571-5 


G 


Gene amplification 
Determination of cellular oncogene rearrangement or am- 
plification in ovarian adenocarcinomas (Smith et al). 
1989;161:911-5 
Gene rearrangement | 
Determination of cellular oncogene rearrangement or am- 
plification in ovarian adenocarcinomas (Smith et al). 
1989; 161:911-5 
Genetic counseling 
Multidisciplinary team counseling for fetal anomalies (Lor- 
enz and Kuhn). 1989;161:263-6 (Clin. opinion) 
Genetic screening 
Prenatal screening for Down syndrome with maternal se- 
rum human chorionic gonadotropin levels (Petrocik et al). 
1989; 161:1168-73 
Screening for gestational diabetes (Hunter) (Letter); (Wei- 
“ner) (Reply). 1989;161:1423-4 
Genital diseases, female 
Phosphorus 31 nuclear magnetic resonance examination of 
female reproductive tissues (Noyszewski et al). 
1989; 161:282-8 
Gestational age 
Concurrence of mouthing movement and rapid eye move- 
ment/non—rapid eye movement phases with advance in 
gestation of the human fetus (Horimoto et al). 
1989; 161:344-51 
Dating the early pregnancy by sequential appearance of 
embryonic structures (Warren et al). 1989;161:747-53 
Doppler umbilical artery waveform indices normal values 


from fourteen to forty-two weeks (Hendricks et al). 


1989;161:761-5 : 

Estimating gestational age in the term pregnancy with a 
model based on multiple indices of fetal maturity (Gold- 
stein et al). 1989;161:1235-8 
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Fetal radius length: a critical evaluation of race as a factor 
in gestational age assessment (Hill et al). 1989;161:193-9 

Intrauterine growth retardation: standards for diagnosis 
{Goldenberg et al). 1989;161:271-7 (Clin. opinion) 

Normal amniotic fluid volume changes throughout preg- 
nancy (Brace and Wolf ). 1989; 161:382-8. 

Prolactin levels in umbilical cord blood of human itifants: 
relation to gestational age, maternal complications, and 
neonatal lung function (Parker et al). 1989;161: :795-802 

Race and gender factors omitted from results (Ansbacher) 
(Letter); (Goldstein) (Reply). 1989;161: 502-3 

Gestational trophoblastic tumors; see Trophoblastic tunior 
Glucose, blood; see Blood glucose 
Glucose tolerance test 

Carbohydrate metabolism in the course of intrahepatic cho- 
lestasis in pregnancy (Wajcicka- Jagodzińska et al). 
1989;161:959-64 

Do the current standards for glucose tolerance testing in 
pregnancy represent a valid conversion of O'Sullivari’s 
original criteria? (Sacks et al). 1989; 161:638-41 

Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989;161:234-40 : 

How reliable is the fifty-gram, one-hour glucose screening 
test? (Sacks et al). 1989;161:642-5 ; 

Management of women with one abnormal oral glucose tol- 
erance test value reduces adverse outcome in pregnancy 
(Langer et al). 1989;161:593-9 

Screening for gestational diabetes (Hunter) (Letter); (Wei- 
ner) (Reply). 1989; 161:1423-4 

Glucuronates: 

Androgen sulfate and daik conjugates in nonhitsute 
and hirsute women with polycystic ovarian syndrome 
, (Matteri et al). 1989;161:1704-9 

Glycolipids , 

Ceramide lactoside in amniotic fluid: high concentration in 
chorioamnionitis and in preterm labor (Hallman et al). 
1989;161:313-8 

Glycoproteins 

Comparison of in vivo bioavailability of přogėstationial 
agents into the rat uterus and liver and the effect of 
plasma protein binding (Van Voorhis et al). 
1989;161:1698-703 

Glycosylated hemoglobin; see Hemoglobin A, gly cosylated 
Gonadal dysgenesis, 46,XY -> 

Successful twin pregnancy after embryo donation to a pa- 
tient with XY gonadal dysgenesis (Sauer et al). 
1989; 161:380-1 

Gonadotropin-releasing hormone, analogs; see Pituitary hor- 
mone releasing hormone, analogs 
Gonadotropins 

Localization of gonadotropin binding sites in human ovar- 

ian neoplasms (Nakano et al). 1989;161:905-10 
Gonadotropins, chorionic’ 

Effects of fetal sex and dexamethasone on preterm maternal 
serum coriceritrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 

Effects of systemic administration of iridomethacin on ovu- 
lation, luteinization, and steroidogenesis in the rabbit 
ovary (Katz et al). 1989;161:1361-6 

Localization of gonadotropin binding sites in human ovar- 
ian neoplasms (Nakano et al). 1989;161:905-10 

Pattern of human chorionic gonadotropin binding in the 
polycystic ovary (Brawer et al). 1989;161:474-80 

Prenatal screening for Down syndrome with maternal se- 
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rum human chorionic gonadotropin levels (Petrocik et al). 
1989; 161:1168-73 

Serial human chorionic gonadotropin determinations by 
fluoroimmunoassay for differentiation between intra- 
uterine and ectopic gestation (Lindblom et al). 
1989; 161:397-400 

Spontaneously resorbing ectopic pregnancy: preservation 
of human chorionic gonadotropin bioactivity despite de- 


clining steroid hormone levels (Sauer et al). | 


1989; 161:1673-6 
Graft rejection 
A new surgical technique to treat refractory labial fusion in 
the elderly (Johnson et al). 1989;161:289-90 
Grief 
Multidisciplinary team counseling for fetal anomalies (Lor- 
enz and Kuhn). 1989;161:263-6 (Clin. opinion) 
Growth retardation, intrauterine; see Fetal growth retarda- 
tion 
Growth substances 
Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989;161:1313-7 
Gynecologic diseases; see Genital diseases, female 
Gynecology 
Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989; 161:267- 
70 (Clin. opinion) 


H 


Haemophilus influenzae 

Haemophilus influenzae culture (Winn and Egley). 
1989;161:1419 (Letter) 

HCG; see Gonadotropins, chorionic 
Hearing loss, sensorineural : 

Vancomycin during pregnancy: Does it cause hearing loss 
or nephrotoxicity in the infant? (Reyes et al). 
1989;161:977-81 

Heart defects, congenital 

Fetal and neonatal cardiovascular complications from ß- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion). 

Heart failure, congestive 

Anesthetic management of labor in a patient with dextro- 
cardia, congenitally corrected transposition, Wolff-Par- 
kinson-White syndrome, and congestive heart failure 
(Sellers et al). 1989;161:1001-3 

Heart rate, fetal 

The effects of vibroacoustic stimulation on baseline heart 
rate, breathing activity, and body movements of normal 
term fetuses (Devoe et al). 1989;161:524-9 

Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion) 

Fetal blood gas analysis from cordocentesis for abnormal 
fetal heart rate patterns (Shah and Boehm). 
1989; 161:374-6 

Fetal heart rate patterns in red blood cell isoimmunized 
pregnancies (Nicolaides et al). 1989;161:351-6 

Fetal heart rate patterns in the small-for-gestational-age hu- 
man fetus (Gagnon et al). 1989;161:779-84 

Human fetal behavioral states after vibratory stimulation 
(Gagnon et al). 1989;161:1470-6 

Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retar- 
dation (Reed et al). 1989;161:1532-5 

Intrapartum Doppler velocimetry, amniotic fluid volume, 
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and fetal heart rate as predictors of subsequent fetal 
distress. I. An initial report (Sarno et al). 1989;161: 
1508-14 
Preterm and term fetal cardiac and movement responses to 
vibratory acoustic stimulation (Thomas et al). 
1989; 161:141-5 
Umbilical artery flow velocity waveforms during acute hy- 
poxemia and the relationship with hemodynamic changes 
in the fetal lamb (van Huisseling et al). 1989;161:1061-4 
Usefulness of continuous fetal heart rate monitoring 
during cesarean section (Petrikovsky et al). 19893161: 
36-7 
Heart rate, fetal, animal 
Effect of prolonged hypoxemia on fetal heart rate accel- 
erations and decelerations in sheep (Bocking et al). 
1989;161:722-7 
Effects of terbutaline sulfate on fetal cardiac function (Pe- 
tersen et al). 1989;161:509-12 
Ovine fetal cardiorespiratory response to nicardipine (Hol- 
brook et al). 1989;161:718-21 
Ovine fetal cardiovascular responses to packed red blood 
cell transfusions (Brace). 1989;161:1367-74 
Heart surgery 
Subsequent fertility in women who undergo cardiac surgery 
(Nunley et al). 1939;161:573-6 
Hematocrit 
Maternal hematocrit and premature labor (Goodlin) (Let- 
teri; (Lieberman et al) (Reply). 1989;161:1750-1 
Ovine fetal cardiovascular responses to packed red blood 
cell transfusions (Brace). 1989;161:1367-74 
Prediction of hematocrit decline after intravascular fetal 
transfusion (MacGregor et al). 1989;161:1491-3 
Pulsed Doppler flow-velocity waveforms in the prediction 
of fetal hematocrit of the severely isoimmunized preg- 
nancy (Copel et al). 1989; 161:341-4 
Hemodynamics 
Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989;161:1449-53 
Central hemodynamic assessment of normal term preg- 
nancy (Clark et al). 1989;161:1429-42 
The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 
Does furosemide alter the hemodynamic response to rapid 
intravascular transfusion of the anemic fetal lamb (Chest- 
nut et al). 1989;161:1571-5 
Hemodynamic changes during twin pregnancy: a Doppler 
and M-mode echocardiographic study (Robson et al). 
1989;161:1273-8 
Maternal hemodynamic effects of uterine contractions by 
M-mode and pulsed-Doppler echocardiography (Lee et 
al). 1989;161:974-7 
Hemoglobin A, glycosylated 
Early pregnancy glycosylated hemoglobin, severity of dia- 
betes, and fetal malformations (Lucas et al). 
1989; 161:426-31 
Hemoglobin F; see Fetal hemoglobin 
Maternal hemoglobin F levels may have an adverse effect 
on neonatal birth weight in pregnancies with sickle cell 
disease (Anyaegbunam et al). 1989;161:654-6 
Hemolytic disease of newborn; see Erythroblastosis, fetal 
Hemorrhage, fetomaternal; see Fetomaternal transfusion 
Heparin 
Thrombosis prophylaxis in pregnancy with use of subcu- 
taneous heparin adjusted by monitoring heparin concen- 
tration in plasma (Dahlman et al). 1989;161:420-5 
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Hepatitis B 
High hepatitis B carrier rate among non-Oriental patients 
` with acute salpingitis (Smith et al). 1989;161:879-80 
Hernia, ventral 
First-trimester midgut herniation: a high-frequency trans- 
vaginal sonographic study (Timor-Tritsch et al). 
1989; 161:831-3 
Hexoprenaline f i 
Introduction of hexoprenaline into the treatment of pre- 
term labor (Lechner). 1989;161:1090-1 (Letter) 
Hirsutism 
Androgen sulfate and glucuronide conjugates in nonhirsute 
and hirsute women with polycystic ovarian syndrome 
(Matteri et al). 1989;161:1704-9 
Histocompatibility antigens 
Differences between white and Chinese populations in hu- 
man leukocyte antigen sharing and gestational tropho- 
blastic tumors (Ho et al). 1989; 161:942-8 
HIV 
Immunosuppression in pregnant women infected with hu- 
man immunodeficiency virus (Biggar et al). 1989;161: 
1239-44 
Pharmacokinetics of azidothymidine during late pregnancy 
in Long-Evans rats (Little et al). 1989;161:732-4 
HIV seropositivity 
Isolation of human immunodeficiency virus from the pla- 
centa or from maternal blood contaminating the placenta? 
(Greenspoon and Settlage) (Letter); (Hill et al) (Reply). 
1989; 161:501-2 
Homeostasis 
Effects of thromboxane synthetase inhibition on maternal- 
` fetal homeostasis in gravid ewes with ovine pregnancy- 
induced hypertension (Keith et al). 1989;161:1305-13 
Hospitals, community 
Neonatal resuscitation in community hospitals: a regional- 
based, team-oriented training program coordinated by 
the tertiary center (Moore et al). 1989;161:849-55 (Clin. 
opinion) 
Human chorionic gonadotropin; see Gonadotropins, chori- 
onic 
Human immunodeficiency viruses; see HIV 
Human leukocyte antigens; see Histocompatibility antigens 
Human papillomavirus DNA probes; see DNA probes, HPV 
Hyaline membrane disease; see also Respiratory distress syn- 
drome 
Prolactin levels in umbilical cord blood of human infants: 
relation to gestational age, maternal complications, and 
neonatal lung function (Parker et al). 1989;161:795- 
802 
Hybridization 
Increased frequency of detection of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells during 
pregnancy (Rando et al). 1989;161:50-5 
Mechanism for human papillomavirus transmission at birth 
(Sedlacek et al). 1989;161:55-9 
Hydatidiform mole 
Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 
Gestational trophoblastic disease and use of oral contracep- 
tives (Rosenberg et al). 1989;161:1087-8 (Letter) 
Hydramnios 
Noninvasive management of isolated bilateral fetal hydro- 
thorax (Pijpers et al), 1989;161:330-2 
Saline solution amnioinfusion for oligohydramnios after 
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premature rupture of the membranes (Imanaka et al). 
1989; 161:102-6 
Hydration; see Fluid therapy 
Hydrogen-ion concentration 
Blood gases, pH, and lactate in appropriate- and small-for- 
gestational-age fetuses (Nicolaides et al). 1989;161:996- 
1001 
Continuous tissue pH monitoring in the term fetus (Small 
et al). 1989:161:323-9 
Diagnosis of birth asphyxia on the basis of fetal pH, Apgar 
score, and newborn cerebral dysfunction (Gilstrap et al). 
1989; 161:825-30 
Effect of whole-body pH changes on thoracic duct lymph 
flow in anesthetized sheep (Valenzuela et al). 
1989; 161:1566-70 
Routine umbilical cord blood gas determinations? (Thorp 
et al). 1989;161:600-5 
Hydrops fetalis 
The effect of intravascular transfusion on umbilical venous 
pressure in anemic fetuses with and without hydrops 
(Weiner et al). 1989;161:1498-501 
Fetal cardiac output in the isotmmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 
Frequency and timing of intravascular intrauterine trans- 
fusions reconsidered (Voto and Margulies) (Letter); (Socol 
et al) (Reply). 1989; 161:255-6 
Normal values for human umbilical venous and amniotic 
fluid pressures and their alteration by fetal disease (Wei- 
ner et al). 1989;161:714-7 
Two hundred intrauterine exchange transfusions in severe 
blood incompatibilities (Poissonnier et al). 1989;161:709- 
13 
Hydrostatic pressure 
Is a decrease in plasma oncotic pressure enough to ex- 
plain the edema of pregnancy? (Valenzuela). 1989;161: 
1624-7 
Hydrothorax 
Leiomyoma of the ovary with ascites and hydrothorax (Ni- 
coll and Cox). 1989;161:177-8 
Noninvasive management of isolated bilateral fetal hydro- 
thorax (Pijpers et al). 1989;161:330-2 
Ovarian hyperstimulation presenting as acute hydrothorax 
after in vitro fertilization (Kingsland et al). 1989;161:381- 
2 
Hydroxyeicosatetraenoic acids 
5-Hydroxyeicosatetraenoic acid, leukotriene C,, and pros- 
taglandin Fa in amniotic fluid before and during term 
and preterm labor (Walsh). 1989;161:1352-60 
Hydroxyurea 
Standard administration of hydroxyurea recommended 
(Piver) (Letter); (Stehman and Bundy) (Reply). 
1989; 161:1425-6 
Hyperglycemia 
Glycemic control in gestational diabetes mellitus How tight 
is tight enough: Small for gestational age versus large for 
gestational age? (Langer et al). 1989;161:646-53 
Hyperinsulinism 
The central role of obesity (hyperinsulinemia) in the patho- 
genesis of the polycystic ovary syndrome (Nestler et al). 
1989; 161:1095-7 (Clin. opinion) 
Effects of chronic fetal hyperinsulinemia on plasma ara- 
chidonic acid and prostaglandin concentrations (Stones- 
treet et al). 1989;161:894-9 
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Hyperinsulinism, animal 

Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal sheep Open et al). 
1989; 161:728-32 

Hyperphenylalaninemia; see Pheay iatealie 
Hypersensitivity 

Allergic vaginitis (Dworetzký) (Letter); (Galland) (Reply). 
1989; 161:1752-3 

Hypersensitivity to magnesium sulfate (Thorp et al). 
1989; 161:889-90 . 

Hypertension f 

Calcium intake and pregnancy- -induced hypertension (Sem- 
chyshyn). ` (Letter); (Belizan and Villar) (Reply). 
1989; 161:834-5 . 

Can platelet volume predict progressive hypertensive 
disease in pregnancy? (Walker et al). 1989;161: 
676-9 i 

Estrogen replacement and cardiovascular disease: serum 
lipids and blood pressure effects (Hazzard). 
1989;161:1847-53 (Symposium) 

Predictive value of increased plasma levels of fibronecün i in 
gestational hypertension (Ballegeer et al). 1989;161:432- 
6 


Zinc, cadmium, and hypertension in parturient women (La- 
- zebnik et al). 1989; 161:437-40 
Hypertension, animal 

Effect of magnesium on cocaine- -induced, ¢atecholamine- 
mediated platelet and vascular response in term Pregnant 
ewes (Weaver et al). 1989;161: 1331-7 

Effects of cephalic hypotension, hypertension, and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissorinette). 1989;161: 1344-51, 

Effects of thromboxane synthetase inhibition on maternal- 
fetal homeostasis in gravid ewes with ovine pregnancy- 
induced hypertension (Keith et al). 1989;161:1305-13 

Fetal vascular responses to maternal nicardipine adminis- 
tration in the hypertensive ewe (Parisi et al). 
1989; 161:1035-9 ; 

Lack of evidence of a vasodepressor role for relaxin in spon- 
taneously hypertensive and normotensive pregnant rats 
(Ahokas et al). 1989;161:618-22 

Placental vasculaf responses to nicardipine in the hyperten- 
‘ sive ewe (Parisi et al). 1989;161:1039-43 

Hypertension, classification - 

Semantic changes suggested in hypertensive disorders 
(Reamy) (Letter); (Davey and MacGillivray) (Reply). 
-1989;161:1422-3 

Hyperthermia; ste Fever 
Hypotension, animal ; 

Effects of cephalic hypotension, hypertension, and barbi- 
turates on fetal cerebral blood flow and metabolism (Hoh- 
imer and Bissonnette). 1989;161:1344-51 

Hypoxemia; see Anoxemia 
Hysterectomy ` f 

Basic reference gambles recommended for utility assess- 
ment (Thornton and Lilford) (Letter); (Silver and Min- 
ogue) (Reply). 1989;161:255-7 

Hysterosalpingography : 

Fertility after ectopic pregnancy (Mitchell et al). 

1989;161:576-80 


Ifosfamide 
Phase II trial of ifosfamide and. mesna in mixed mesodermal 


Subjèct index 1801 


tumors of the uterus (A.Gynécologic Oncology Group 
Study) (Sutton et al). 1989;161:309-12 
IgE | 
Allergic vagihitis wisky (Letter); (Galland) (Reply). 
- 1989;161:1752-8 
IgG . 
Presence of autoantibodies in women with unexplained in- 
fertility (Taylor et al). 1989;161:377-9 
The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies in a general ob- 
.stetric population (Eockwogd et al). 1989;161:369-73 
IgM Sr 

Presence of autoantibodies in women with unexplained in- 
fertility (Taylor et al). 1989;161:377-9 

The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies. in a general ob- 
, Stetric population (Lockwood et al). 1989;161:369-73 

Immunity, cellular 

Candida albicans: cellular immune system interactions during 
different stages of menstrual cycle (Kalo-Klein and Wit- 
kin). 1989;161:1132-6 

imniunization, passive 

Successful treatment of two women with antiphospholipid 
antibodies and refractory pregnancy losses with intrave- 
nous immunoglobulin infusions (Wapner et al). 
1989;161:1271-2 

Immunotytochemistry; see Immuiohistochemistry 
Immunoglobulins 

Successful treatment of two women with antiphospholipid 
antibodies and refractory pregnancy losses with intrave- 
nous immunoglobulin infusions esas ét al). 
1989; 161:1271-2 

Immunohistochemistry. 

CA 125 in the epithelium closely related to the embryonic 
ectoderm: the periderm and the amnion (Nanbu et al). 
1989; 161:462-7 l 

Immunocytochemical study of ras and mye proto- oncogene 
polypeptide expression in the human menstrual cycle 

(Odom et al), 1989;161:1663-8 | 

Immunohistochemical expression of TAG-72 in normal and 
malighant endometrium: correlation of antigen .expres- 
sion with estrogen receptor and progesterone receptor 
- levels (Soisson et al). 1989; 161:1258-63 

A monoclonal antibody (MSN- 1) against a newly established 
uterine endometrial cancér cell line (SNG-IIi and its ap- 
plication to immunohistochemistry and flow cytometry 
(Nozawa et al). 1989;161:1079-86 

Immunologic suppression; see Imniunosupprėssion 
Immunoésuppression 

Histologic and immunologic study of uterine biopsy tissue 
of womén with incipient abortion (Michel et al). 
1989; 161:409-14 

Immunoregulatory activity in sitpernatants from culttires of 
normal human trophoblast cells of the first trimester (San- 
yal et al). 1989;161:446-53 

Immunosuppr ession in pregnant women infected with hu- 
man immunodeficiency virus (Biggar et al). 1989;161: 
1239-44 

Indomethacin, adverse effects 

Antagonism of antihypertensive drug therapy in pregnancy 
by indomethacin? (Schoenfeld et al). 1989;161:1204-5 

Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
tertosus after indomethacin therapy (Mari et al). 
1989; 161:1528-31 
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Indomethacin, adverse effects—cont’d 

` Effects of systemic administration of indomethacin on ovu- 
lation, luteinization, and steroidogenesis in the rabbit 
ovary (Katz et al). 1989;161:1361-6 

Infant, low birth weight 

Data sought to link adverse pregnancy outcome with ma- 
ternal serum a-fetoprotein levels in black gravid women 
(Lenke) (Letter); (Macri et al) (Reply). 1989; 161:254-5 

Effect of birth weight, race, and sex on survival of low-birth- 
weight infants in neonatal intensive éare (Resnick et al). 

_ 1989;161:184-7 

Intrauterine growth retardation: standards for diagnosis 
(Goldenberg et al). 1989;161:271-7 (Clin. opinion) 

Maternity shelter care for adolescents: its effect on inci- 
dence of low birth weight (taGiardia et al). 1989;161: 
303-6 

Pregnancy in obstetrics residents (Miler) 1989;161:1422 
(Letter) 

Infant, newborn i 

Acid-base status at birth and neurodevelopmental outcome 
at four and one-half years (Dennis et al). 1989;161:213- 
20 

Fetal and neonatal cardiovascular complications from f- 

. sympathomimetic therapy for tocolysis (Katz and Seeds). 
- 1989;161:1-9 (Clin, opinion) 

In utero cocaine exposure: observations of fetal behavioral 
state may predict neonatal outcome (Hume et al). 
1989; 161:685-90. ` 

Neonatal resuscitation in community hospitals: a regional- 
based, team-oriented training program coordinated by 
the tertiary center (Mogre et al). 1989;161:849-55 (Clin. 
opinion) 

Routine umbilical cord blood gas determinations? (Thorp 
et al). 1989;161:600-5 

Significant decrease in congenital malformations in new- 
born infants of an unselected population of diabetic 
women (Damm and Mglsted-Pedersen). 1989;161:1153- 
7 

Infant, newborn, Jisensés 

Antepartum infection as a result of Sh reptococcies pneumoni iae 
and sepsis in neonate (Andreu et al). 1989;161: 1424: -5 
(Letter) 

Diagnosis of birth asphyxia on the basis of fetal pH, Apgar 
score, and newborn cerebral dysfunction (Gilstr ap | et al). 
1989; 161:825-30 


Meconium aspiration syndrome: intrapartum and neonatal, 


attributes (Rossi et al). 1989;161:1106-10 

Neonatal seizures and cesarean section (Boylan) (Letter); 
(Spellacy) (Reply). 1989;161:836-7 . 

Vancomycin during pregnancy: Does it cause hearing loss 
or nephrotoxicity in the infant? (Reyes et al). 
1989; 161:977-81 

- Infant, postmature; see also Pregnancy, prolonged 

Postdate fetal surveillance: Is 41 weeks too early? (Guidetti 

et al). 1989;161:91-3 
Infant, premature 

Changing outcome of extremely premature infants (<26 
weeks’ gestation and <750 gm): survival and follow-up at 
a tertiary center (Ferrara et al). 1989;161:1114-8 

Effect of birth weight, race, and sex on survival of low-birth- 
weight infants in neonatal intensive care (Resnick et al). 
1989;161:184-7 

The effect of vibroacoustic stimulation on the nonstress test 
at gestational ages of thirty-two weeks or less (Druzin et 
al). 1989;161:1476-8 
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Perinatal outcome in very preterm births with twin-twin 
transfusion syndrome (Shan and Chaffin). 1989;161: 

11118 

Prematurity among insulin-requiring diabetic gravid 
women (Greene et al). 1989;161:106-11 

Infant, small for gestational age | 

Glycemic control in gestational diabetes mellitus How tight 
is tight enough: Small for gestational age versus large for 
gestational age? (Langer et al), 1989;161:646-53 

Intrauterine growth retardation: standards for diagnosis 
(Goldenberg et al). 1989;161:271-7 (Clin. opinion) 

Infant mortality 

Effect of birth weight, race, and sex on survival of low-birth- 
weight infants in neonatal intensive care (Resnick et al). 
1989; 161:184-7 

Neonatal mortality in normal birth weight babies: Does the 
. level of hospital care make a difference? (Berg et al). 
1989; 161:86-91 

Infection, intraamniotic; see Amniotic fluid 
Infertility, female ` 

Buserelin versus danazol in the treatment of endometriosis- 
associated infertility (Fedele et al). 1989;161:871-6 

A case-control study of epithelial ovarian cancer (Hartge et 
al). 1989; 161: 10-6 (Clin. opinion) 

Gestational trophoblastic disease: a case- control study from 
the People’s . Republic ` of chine (Brinton et al). 
1989; 161:121-7 

The i importance of ultrasonography i in infertile women with 
“forgotten” intrauterine contraceptive devices (Ron-El et 
al). 1989;161:211-2 

Lymphocyte activity in the presence of peritoneal fluid from 
fertile women and infertile women with and without en- 
dometriosis: (Hill and Anderson). 1989;161:861-4 

Presence of autoantibodies in women with unexplained in- 

l fertility (Taylor et al). 1989; 161:377-9 

Relationship between circulating antisperm antibodies 
in women and autoantibodies on the ejaculated sperm 
of their partners (Watkin and Chaudhry). 1989;161: 
900-3 

Subsequent fertility in women he undergo cardiac surgery 
(Nunley et al). 1989;161:573-6 

Infertility, male ` 

Relationship between dieaatn’ antisperm antibodies 
in women and autoantibodies on the ejaculated sperm 
of their partners (Witkin and Chaudhry). 1989;161: 
900-3 

Sperm antibodies and- infertility (Shulman) (Letter); (Wit- 
kin) (Reply). 1989;161:497-9 

Informed consent 

Pelvic examinations by medical students (Cohen et al). 
1989; 161:1013-4 

Prenatal informed consent for sonogram: an indication for 
obstetric . ultrasonography (Chervenak et al). 
1989; 161:857-60 (Clin. opinion) 

Infusions, intravenous 

Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161:1049-54 

Insemination, artificial 

Multiple gestation with intrauterine insemination and men- 
otropin therapy (Corsan et al) (Letter); (Dodson et al) 
(Reply). 1989;161:1751-2 

Insulin 

Does insulin affect placental glucose metabolism and trans- 

fer? (Urbach et al). 1989;161:953-9 
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Fetal hyperinsulinism in anencephaly (Hubinont et al). _ 
1989;161:306-7 

Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal sheep (Ogburn‘et al). 
1989;161:728-32 ` , 

Triphasic Randomized Clinical Trial: comparison of effects 
on carbohydrate metabolism (Bowes et al). 1989;161: 
1402-7 (Symposium) 

Insulin receptors; see Receptors, insulin 
Intensive care units, neonatal 

Effect of birth weight, race, and sex on survival of low-birth- 
weight infants in neonatal intensive care (Resnick et al). 
1989; 161:184-7 

Interleukin 1 

Infection and labor. IV. Cachectin—tumor necrosis factor 
in the amniotic fluid of women with intraamniotic in- 
fection and preterm labor (Romero et al). 1989; 161: 
336-41 

Intermenstrual bleeding; sce e Menstruation, drug effects 
Internship and residency 

Pregnancy in obstetrics TEG (Milet). 1989;161:1422 
(Letter) 

Intraamniotic infection; see Amniotic fluid 
Intraepithelial ‘neoplasia; see Cervix dysplasia 
Intraoperative complications 

Does ‘terbutaline cause uterine atony and increase intra- 
‘operative blood loss? (Brown) cretion), (Patriarco) (Re- 
ply). 1989;161: 259 | 

Intrauterine blood transfusion; see Blood transfusion, intra- 
uterine `. : 
Intrauterine devices 

Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989;161:503 

The importance of ultrasonography in infertile women with 
“forgotten” intrauterine contraceptive devices (Ron-El et 
al). 1989;161:211-2 

Uterine rupture: Are intrauterine pressure catheters 
useful in the diagnosis? (Rodriguez et al). 1989;161: 
666-9 

Intrauterine growth retardation; sce Fetal growth retardation 
Iron deficiency anemia; see Anemia, hypochromic 
Ischemic heart disease; see Coronary disease 

Isoenzymes `. 

Cardiac isoenzymes and electrocardiographic changes dur- 
ing ritodrine tocclysis (Hadi and Albazzaz). 1989;161: 
318-21 

Iscimmunization; see Rh isoiminunization 
Isoproterenol i 

Pregnancy-induced changes in the interaction of guinea pig 
myometrial B-adrenergic receptors with -isoproterenol 
(Hatjis z and Grogan). 1989;161: 1633-6 

Items ` 
Items. 1989; 161: 260, 504, 842, 1094, 1430, 1756 


.K 


Karyotyping 
Rapid chromosome analysis with spontaneously dividing 
cells dérived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989; 161:1546-8 
Kidney diseases 
Vancomycin during pregnancy: Does it cause hearing loss 
or nephrotoxicity in the infant? (Reyes et al). 
1989; 161:977-81 f 
Kleihauer-Betke stains; see Stains and staining 
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Kwashiorkor 
Cordocentesis in the diagnosis of intrauterine starvation 
(Economides et al). 1989;161:1004-8 3 


L 


Labor 

Fentanyl citrate analgesia during labor (Rayburn et al). 
1989; 161:202-6 

Fetal intermediate lobe is stimulated by parturition (Fac- 
chinetti et al). 1989;161:1267-70 

Oxytocin may, explain neonatal seizures (Goodin). 
1989;161:259 (Letter) 

Prostaglandin E, metabolism in the human fetal membranes 
(Cheung and Challis). 1989;161:1580-5 

Screening with Doppler velocimetry in labor (Feinkind et 
al). 1989;161:765-70 

Labor, animal . 

The antagonistic effect of oxytocin and relaxin on rat uter- 
ine) segment contractility (Goldsmith et al). 
1989;161:1644-9 

5-Hydroxyeicosatetraenoic acid, leukotriene C, and pros- 
taglandin F,, in amniotic fluid before and during term 
and preterm labor (Walsh). 1989;161:1352-60 l 

Increased myometrial responsiveness to oxytocin during 
term ‘and preterm labor (Garfield and Beier). 
1989; 161:454-61 

Labor, premature 

Cardiac isoenzymes and electrocardiographic changes dur- 

ing ritodrine tocolysis (Hadi and  Albazzaz). 
_ 1989;161:318-21 l 

Cardiovascular and metabolic effects associated with nifed- 
ipine and ritodrine tocolysis (Ferguson et al). 
1989;161:788-95 i 

Ceramide lactoside in amniotic fluid: high concentration in 
chorioamnionitis and in preterm labor (Hallman et al). 
1989;161:313-8 

Controlled trial of hydration and bed rest versus bed rest 
alone in the evaluation of preterm: uterine contractions 
(Pircon et al). 1989;161:775-9 

Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989;161:1514-8 

The effect of magnesium sulfate tocolysis on the fetal bio- 
physical profile (Peaceman et al). 1989;161:771-4 

The incidence of positive amniotic fluid cultures in patients 
in preterm labor with intact membranes (Skoll et al). 
1989; 161:813-6 

Infection and labor. IV. Cachectin—tumor necrosis factor 
in the amniotic fluid of women with intr aamniotic in- 
fection and preterm labor’ (Romero et al). 1989;161: 
336-41 

Infection and labor. V. Prevalence, microbiology, and clin- 
ical significance of intraamniotic infection in women with 
preterm labor and intact membranes (Romero - et al). 
1989;161:817-24 - 

Introduction of hexoprenaline inzo the treatment of pre- 
term labor (Lechner). 1989; 161:1090-1 (Letter) 

Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: relationship to outcome (Brar et al). 
1989; 161:1519-22 

Maternal hematocrit and premature labor (Goodlin) (Let- 
ter); (Lieberman et al) (Reply). 1989; 161:1750-1 

Nifedipine pharmacokinetics during preterm labor tocolysis 
(Ferguson et al). 1989;161:1485-90 

Pneumonia during pregnancy: Has modern technology im- 
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Labor, premature—cont’d 
‘proved maternal and fetal outcome? (Madinger et al). 
1989; 161:657-62 
The ‘predictive value of fetal breathing movement and 
Bishop score in the diagnosis of “true” preterm labor 
(Schreyer et al). 1989;161:886-9 
Relaxin in paired samples of serum and milk from women 
after term and preterm delivery (Eddie et al). 
1989; 161:970-3 l 
Unexplained elevated maternal serum a-fetoprotein level 
associated with third-trimester problems (Stephens). 
1989;161:500 (Letter) 
Labor, premature, animal - 
5-Hydroxyeicosatetraenoic acid, leukotriene C, and 
prostaglandin Fa ‘in amniotic fluid before and dur- 
ing term and preterm labor (Walsh). 1989; 161:1352- 
60 
Increased myometrial responsiveness to ‘oxytocin during 
‘term and preterm labor (Garfield and Beier). 
1989; 161:454-61 
Ovine fetal cardiorespiratory response to nicardipine (Hol- 
brook et al). 1989;161:718-21 
Labor complications; see also Amniotic fluid 
Defining “primiparas” (Gooden) (Letter); (Thomson) (Re- 
ply). 1989;161:1417 
The effect of continuous epidural analgesia on cesarean 
section for dystocia in nulliparous women (Thorp et al). 
1989; 161:670-5 
Neonatal mortality in normal birth weight babies: Does the 
evel of hospital care make a difference? (Berg et al). 
1989; 161:86-91 
Prophylactic amnioinfusion during labor complicated by 
meconium: a preliminary report (Sadovsky et al). 
1989;161:613-7 
Risk factors for intraamniotic infection: a prospective epi- 
demiologic study (Soper et al). 1989;161:562-8 
Lactates 
Blood gases, pH, and lactate in appropriate- and small-for- 
“gestational-age fetuses (Nicolaides et al). 1989;161:996- 
1001 
Lamicel 
Cervical dilation: a comparison of Lamicel and Dilapan 
_ (Wells and Hulka). 1989;161:1124-6 
Laparoscopy; see Peritoneoscopy 
Laparotomy 
Nerve entrapment after Pfannenstiel incision (Piura) (Let- 
ter); (Sippo) (Reply). 1989;161:499-500 
Laser surgery 
Death caused by air embolism associated with neodym- 
ium:yttrium-aluminum-garnet laser surgery and arti- 
ficial sapphire tips (Baggish and Daniell). 1989;161: 
877-8 
A ten-year experience treating cervical intraepithelial 
neoplasia with the CO, laser (Baggish et al). 1989;161: 
` 60-8 
Leiomyoma 
Decreased B-carotene tissue levels in uterine leiomyomas 
and cancers of reproductive and nonreproductive organs 
(Palan et al). 1989;161:1649-52 
Leiomyoma of the ovary with ascites and hydrothorax (Ni- 
coll and Cox). 1989;161:177-8 
Leiomyosarcoma; see Sarcoma 
Lettérs 
Letters. 1989;161:254-9, 497-503, 834-40, 1087-92, 1416- 
27, 1744-54 
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Leukocytes 

Esterase activity in second- and third-trimester amniotic 
fluid: an indicator of chorioamnionitis (Hoskins et al). 
1989; 161:1543-5 

Leukotaxis; see Chemotaxis, leukocyte 
Leukotrienes 

5-Hydroxyeicosatetraenoic acid, leukotriene Cs and pros- 
taglandin Fə in amniotic fluid before and during term 
and preterm labor (Walsh). 1989;161:1352-60 

Leydig cell tumor 

Steroid biosynthesis in the Sertoli-Leydig cell tumor: effects 

` of insulin and luteinizing hormone (Nagamani et al). 
1989; 161:1738-43 

LH ' 

Effects of clomiphene citrate on episodic luteinizing hor- 
mone secretion throughout the menstrual cyde (Archer 
et al). 1989;161:581-92 

Pattern of human chorionic gonadotropin binding in the 
polycystic ovary (Brawer et al). 1989;161:474-80 

Light , 

Vitamin D (soltriol), light, and reproduction (Stumpf and 

Denny). 1989;161:1375-84 (Curr. dev.) i 
Lilopristone; see Abortifacient agents 
Limulus test 

Infection and labor. V. Prevalence, microbiology, and clin- 
ical significance of intraamniotic infection in women with 
preterm labor and intact membranes (Romero et al). 
1989;161:817-24 ` 

Lipid peroxidation 

Lipid peroxidation in pregnancy: new perspectives on 
preeclampsia (Hubel et al). 1989;161:1025-34 (Curr. 
dev.) 

Lipids 

Estrogen replacement and cardiovascular disease: serum 
lipids and blood pressure effects (Hazzard). 
1989;161:1847-53 (Symposium) 

Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal sheep (Ogburn et al). 
1989;161:728-32 

Lipopolysaccharides 
Infection and labor. V. Prevalence, microbiology, and clin- 
içal significanċe of intraamniotic infection in women with 
reterm labor and intact membranes (Romero et al). 
1989; 161:817-24 
Lipoproteins 

The effect of triphasic oral contraceptives on plasma lipids 
and lipoproteins (Patsch et al). 1989;161:1396-401 (Sym- 
posium) 

Liver 

Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: an unusual case report and a 
review of the literature (Hannah et al). 1989;161:322-3 

Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989; 161:42-6 

Liver, animal 

Comparison of in vivo bioavailability of progestational 
agents into the rat uterus and liver and the effect of 
plasma protein binding (Van Voorhis et al). 
1989; 161:1698-703 

Compensatory ovarian hypertrophy occurs by a mechanism 
distinct from compensatory growth in the regenerating 

- liver (Alvarez et al). 1989;161:1653-7 

Liver, transplantation 

Successful pregnancy after a liver transplant (Sims et al). 

1989;161:532-3 
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Liver regeneration 
Compensatory ovarian hypertrophy occurs by a mechanism 
distinct from compensatory growth in the regenerating 
liver (Alvarez et al). 1989;161:1653-7 
Longitudinal studies 
A longitudinal study of the relationship between placental 
and fetal growth as measured by ultrasonography (Wolf 
et al). 1989;161:1140-5 
Longitudinal ultrascnographic study of the ovarian sup- 
pressive activity of a low-dose triphasic oral contraceptive 
during correct and incorrect pill intake (Hamilton and 
Hoogland). 1989;161:1159-62 
Low birth weight; see Infant, low birth weight 
Lung 
Surfactant proteins in the diagnosis of fetal lung ma- 
turity. II. The 35 kd protein and phospholipids in 
complicated pregnancy (Hallman et al). 1989;161:965- 
9 
Uselessness of the phosphatidylglycerol assay for prediction 
of lung maturity (Egberts and Wijnands) (Letter); (Fadel) 
(Reply). 1989; 161:1417-8 
Lung, abnormalities 
Comparison of six different ultrasonographic methods for 
predicting lethal fetal pulmonary Bypeniaila (Vintzileos 
et al). 1989; 161:606-12 
Low amniotic pressure in oligohydramnios Is this the 
cause of pulmonary hypoplasia? (Nicolini et al). 
1989;161:1098-101 (Clin. opinion) 
Lung, embryology 
Low amniotic pressure in oligohydramnios Is this the 
cause of pulmonary hypoplasia? (Nicolini et al). 
1989;161:1098-10] (Clin. opinion) 
Lung, secretions, animal 
Ovine fetal lung fluid response to atrial natriuretic factor 
(Castro et al). 1989;161:1337-43 
Luteal phase 
Optimal time in the menstrual cycle for serum progesterone 
measurement to diagnose luteal phase defects (Daya). 
1989;161:1009-11 
Luteinizing hormone; see LH 
Lymph 
Effect of whole-body pH changes on thoracic duct lymph 
flow in anesthetized sheep (Valenzuela et al). 
1989; 161:1566-70 
Lymph flow rate response to angiotensin I is decreased in 
pregnant sheep (Valenzuela and Longo). 1989;161:1615- 
9 


Lymphangioma 
First-trimester and early second-trimester diagno- 
sis of nuchal cystic hygroma by transvaginal sonog- 
raphy: diverse prognosis of the septated from the 
nonseptated lesion (Bronshtein et al). 1989;161:78- 
82 
Lymphatic diseases 
Pelvic and paraaortic lymphocysts after radical surgery be- 
cause of cervical and ovarian cancer (Petru et al). 
1989; 161:937-41 
Lymphatic system, animal 
Effect of whole-body pH changes on thoracic duct lymph 
flow in anesthetized sheep (Valenzuela et al. 
1989; 161:1566-70 
Lymph flow rate response to angiotensin II is decreased i in 
pregnant sheep (Valenzuela and Longo). 1989;161:1615- 
9 


Lymphocysts; see Lymphatic diseases 
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Lymphocytes i 

Lymphocyte activity in the presence of peritonea! fluid 

from fertile women and infertile women with and with- 

out endometriosis (Hill and Anderson). 1989;161: 
861-4 


M 


M-mode echocardiography; see Echocardiography 
Macrocephaly; see Skull, growth 
Macrophages 
Release of tumor necrosis factor-a by human peritoneal 
macrophages in vivo and in vitro (Halme). 
1989;161:1718-25 
Macrosomia; see Fetal macrosomia 
Magnesium 
Effect of magnesium on cocaine-induced, catecholamine- 
mediated platelet and vascular response in term pregnant 
ewes (Weaver et al). 1989;161:1331-7 
Effect of magnesium and preeclampsia on plasma cholin- 
esterase activity (Marx) (Letter); (Kambam et al) (Reply). 
1989;161:1754-5 
Magnesium supplementation during pregnancy: a double- 
blind randomized controlled clinical trial (Sibai et al). 
1989;161:115-9 
Magnesium sulfate 
The effect of magnesium sulfate tocolysis on the fetal bio- 
physical profile (Peaceman et al). 1989; 161:771-4 
Hypersensitivity to magnesium sulfate (Thorp et al). 
1989;161:889-90 
Neuromuscular blockade with magnesium sulfate and ni- 
fedipine (Snyder and Cardwell). 1989;161:35-6 
Number clarification requested (Hatjis) (Letter); (Wilkins 
and Lynch) (Reply). 1989;161:1746 
Mammography 
Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989;161:267- 
70 (Clin. opinion) 
Mannose 
Significance of D-mannose as a sperm receptor site on the 
zona pellucida im human fertilization (Mori et al). 
1989;161:207-11 
Marmosets; see Callitbricidae 
Mastitis 
Methicillin-resistant staphylococcal mastitis (Kalstone). 
1989;161:120 
Maternal-fetal exchange; sce also Tocolytic agents 
Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989; 161:503 
Effects of thromboxane synthetase inhibition on maternal- 
fetal homeostasis in gravid ewes with ovine pregnancy- 
induced hypertension (Keith et al). 1989;161:1305-13 
Isolation of human immunodeficiency virus from the pla- 
centa or from maternal blood contaminating the placenta? 
(Greenspoon and Settlage) (Letter); (Hill et al) (Reply). 
1989;161:501-2 
Maternal-fetal glucose gradient in normal pregnancies and 
in pregnancies complicated by alloimmunization and fetal 
growth retardation (Nicolini et al). 1989;161:924-7 
Maternal health services 
Maternity shelter care for adolescents: its effect on incidence 
of low birth weight (LaGuardia et al). 1989;161:303-6 
Maternal mortality 
Basic reference gambles recommended for utility assess- 
ment (Thornton and Lilford) (Letter); (Silver and Min- 
ogue) (Reply). 1989; 161:256-7 
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Maternal mortality—~cont’d 

Maternal deaths associated with Clostridium sordellii infection 
(McGregor et al). 1989;161:987-95 

Maternal mortality in North Carolina: a forty-year experi- 
ence (May and Greiss). 1989;161:555-61 

Pneumonia during pregnancy: Has modern technology im- 
proved maternal and fetal outcome? (Madinger et al). 
1989; 161:657-62 

Maternal welfare 

Maternity shelter care for adolescents: its effect on incidence 

of low birth weight (LaGuardia et al). 1989;161:303-6 
Maximal oxygen uptake; see Oxygen consumption 
Mayer-Rokitansky syndrome; see Vagina, abnormalities 
Meconium 

Prophylactic amnioinfusion during labor complicated by 
meconium: a- preliminary report (Sadovsky et al). 
1989; 161:613-7 

Meconium aspiration 

Meconium aspiration syndrome: intrapartum and neonatal 
attributes (Rossi et al). 1989;161:1106-10 

Prophylactic amnioinfusion during labor complicated by 
meconium: a preliminary report (Sadovsky et al). 
1989; 161:613-7 

Medroxyprogesterone 

Elevated serum levels of endometrial secretory protein PP14 
in patients with advanced endometriosis: suppression by 
treatment with danazol and high-dose medroxyproges- 
terone acetate (Telimaa et al). 1989;161:866-71 

Melanocyte stimulating hormone; see MSH 
Menarche 

Uterine development and endocrine relationships after 

menarche (Porcu et al). 1989;161:174-7 
Menopause; see also Estrogens, therapeutic use 

Biosynthesis and physiologic effects of estrogen and patho- 
physiologic effects of estrogen deficiency: a review 
(Utian). 1989;161:1828-31 (Symposium) . 

Decreased in vitro production of 6-keto-prostaglandin F,, 
by uterine arteries from postmenopausal women (Stein- 
leitner et al). 1989;161:1677-81 

Estrogen replacement therapy: indications, contraindica- 
tions, and agent selection (Notelovitz). 1989;161:1832-41 
(Symposium) 

Estrogen replacement therapy: an overview (Mishell). 
1989;161:1825-7 (Symposium) 

Estrogen replacement therapy: what the future holds (Ham- 
mond). 1989;161:1842-6 (Symposium) 

Estrogens in the prevention of osteoporosis in postmeno- 
pausal women (Genant et al). 1989;161:1842-6 (Sympo- 
sium) 

A new surgical technique to treat refractory labial fusion in 
the elderly (Johnson et al). 1989;161:289-90 

Menotropins 

Multiple gestation with intrauterine insemination and men- 
otropin therapy (Corsan et al) (Letter); (Dodson et al) 
(Reply). 1989;161:1751-2 

Menstrual cycle 

Atrial natriuretic peptide during the menstrual cycle (Jen- 
sen et al). 1989;161:951-2 

Candida albicans: cellular immune system interactions during 
different stages of menstrual cycle (Kalo-Klein and Wit- 
kin). 1989;161:1132-6 

Effects of clomiphene citrate on episodic luteinizing hor- 
mone secretion throughout the menstrual cycle (Archer 
et al). 1989;161:581-92 

Immunocytochemical study of ras and myc proto-oncogene 
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polypeptide expression in the human menstrual cycle 
(Odom et al). 1989;161:1663-8° 

Optimal time in the menstrual cycle for serum progesterone’ 
measurement to diagnose luteal phase defects: (Daya). 
1989;161:1009-11 . 

Menstruation, drug effects 

Compliance considerations with estrogen replacement: 
withdrawal bleeding and other factors (Hahn). 
1989;161:1854-8 (Symposium) 

The patient’s reaction to side effects of oral contraceptives 
(Hillard). 1989;161:1412-5 (Symposium) 

Triphasic Randomized Clinical Trial: comparative fre- 
quency of intermenstrual bleeding (Droegemueller et al). 
1989; 161:1407-11 (Symposium) 

2-Mercaptoethanesulfonate 
Phase II trial of ifosfamide and mesna in mixed mesodermal 
tumors of the uterus (A Gynecologic Oncology Group 

- Study) (Sutton et al). 1989;161:309-12 


. Metastasis; see Neoplasm metastasis 


Methicillin 
Methicillin-resistant staphylococcal mastitis (Kalstone). 
1989;161:120 
Methodology; see Research design 
Methotrexate 
Anal submucosal injection: a new route for drug adminis- 
tration in pelvic malignancies. IV. Submucosal anal injec- 
tion in the treatment of cancer of uterine cervix _ preli- 
minary study (Shafik). 1989; 161:69-72 
Local methotrexate injection: a nonsurgical treatment of 
ectopic pregnancy (Pansky et al). 1989;161:393-6 
Successful treatment of a viable cervical pregnancy with 
methotrexate (Palti et al). 1989;161:1147-8 
Methylprednisolone 
Dosage and duration differences lead to diverse conclusions 
(Shulman) (Letter); (Hammond) (Reply). 1989;161:1744- 
6 
Microspheres 
Intrauterine growth retardation and the’ circulatory re- 
sponses to acute hypoxemia in fetal sheep (Block et al). 
1989; 161:1576-9 
Midtrimester; see Pregnancy trimester, second 
Milk, human 
Relaxin in paired samples of serum and milk from women 
after term and preterm delivery (Eddie et al). 
1989; 161:970-3 
Miscarriage; see Abortion 
Missed abortion; see ‘Abortion, missed 
Mitral valve 
Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retar- 
dation (Reed et al). 1989;161:1532-5 
Mixed Miallerian tumors; see Uterine neoplasms 
Monoclonal antibodies; see Antibodies, monoclonal 
Monosaccharides 
Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization (Mori et al). 
1989; 161:207-11 
Morbidity 
Cocaine abuse during pregnancy: peripartum prevalence 
and perinatal outcome (Neerhof et al). 1989;161:633-8 
Mortality, maternal; see Maternal mortality 
MSH 
Fetal intermediate lobe is stimulated by parturition (Fac- 
l chinetti et al). 1989;161:1267-70 
Millerian tumors, mixed; see Uterine neoplasms 
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Muscle, smooth, -vascular, animal 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989; 161:1605-10 
myc genes, see Oncogenes 
Myometrium ` 
Phosphorus 31 nuclear magnetic resonance examination of 
female reproductive tissues (Noyszewski et al). 
1989;161:282-8 
Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ag- 
onists and antagonists (Ivanisevic et al). 1989;161:1637- 
43 
Myometrium, animal 
The antagonistic effect of oxytocin and relaxin on rat uter- 
ine segment contractility (Goldsmith et al). 
1989;161:1644-9 
Effect of a 48-hour A‘-androstenedione infusion on the 
pregnant rhesus monkey in the last third of gestation: 
changes in maternal plasma estradiol concentrations and 
myometrial contractility (Figueroa et al). 1989;161:481-6 
Increased: myometrial responsiveness, to oxytocin during 
term and precerm labor (Garfield and Beier). 
1989; 161:454-61 C 
Power spectrum analysis of myometrial electromyogram 
and intrauterine pressure changes in the pregnant rhesus 
monkey in late gestation (Hsu et al). 1989;161:467-73 
Pregnancy-induced changes in the interaction of guinea pig 
myometrial p- adrenergic receptors with Lisoproterenol 
(Hatjis and Grogan). 1989;161:1633-6 
Treatment of oophorectomized guinea pigs with intrauter- 
ine 17B-estradiol pellets may modulate myometrial B- 
adrenergic receptor binding properties (Hatjis et. al). 
1989; 161:1628-32 
Up-regulation of guinea pig myometrial adenylate cyclase 
activity by intrauterine estradiol and progesterone pellets 
(Hatjis and Koritnik). 1989,161:1073-8 
Myometrium, microbiology 
Short course of antibiotic therapy in treatment of postpar- 
tum, éndomyometritis (Morales et al). 1989; 161:568-72 


N 


Narcotics . 
Fentanyl citrate analgesia during labor (Rayburn et al). 
-1989;161:202-6 
Natriuretic peptides, atrial 
Atrial natriurétic factor: the effects of pregnancy and a 
high-salt diet on atrial levels (Castro et al). 1989; 161:1620- 
3 ‘ 
Atrial natriuretic factor maternal and fetal concentrations 
in severe preeclampsia (Hatjis et al). 1989;161:1015-9 
Atrial natriuretic peptide during the menstrual cycle (Jen- 
sen et al). 1989;161:951-2 

Atrial natriuretic peptide receptors in guinea pig placentas 
(Hatjis and Grogan). 1989;151:493-6 

Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161: 1049-54 

Ovine fetal lung fluid response to atrial natriuretic factor 
(Castro et al). 1989;161:1337-43 ` 

Perinatal factors influencing atrial natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). 1989;161:623-7 

Perinatal factors influencing atrial natriuretic peptide levels 


Subject index 1807 


in umbilical arterial plasma at the time of delivery (Castro 
et al). (1989; 161:623-7). 1989;161:1238 (Correction) 

Plasma atrial natriuretic peptide in human fetus: response 
to intravascular blood transfusion (Panos et al). 
1989;161:357-61 

Neisseria gonorrhoeae 

Randomized treatment of mucopurulent cervicitis with dox- 

ycycline or amoxicillin (Paavonen et al). 1989; 161:128-35 
Neonate; see Infant, newborn 
Neoplasm antibodies; see Antibodies, neoplasm 
Neoplasm metastasis ' 

Prognostic significance of steroid receptors measured in pri- 
mary metastatic and recurrent endometrial carcinoma 
(Borazjani et al). 1989;161:1253-7 

Neoplasms; see also specific neoplasm 

A clinical-pathologic study of mixed müllerian tumors of 
the uterus over a 16-year period The Medical College 
of Georgia experience (Gallup et al). 1989;161:533-9 

Decreased B-carotene tissue levels in uterine leiomyomas 
and cancers of reproductive and nonreproductive organs 
(Palan et al). 1989;161:1649-52 

Neoplasms, epidemjology 

The cancer question: an overview of recent epidemiologic 
and retrospective data (Henderson). 1989;161:1859-64 
(Symposium) 

Neoplasms, placenta; see Pregnancy complications, neoplas- 
tic 
Nerve compression syndromes 

Nerve entrapment after Pfannenstiel incision (Pjura) (Let- 

ter); (Sippo) (Reply). 1989;161:499-500 
Neural tube defects 

Amniotic fluid acetylcholinesterase ratios in prenatal diag- 
nosis of :fetal- abnormalities (Kelly et al). 1989;161: 
703-5 í f 

Predictive values, relative risks, and overall benefits of high 
and low maternal serum a-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
al). 1989;161:291-7 

The role of ultrasonography and amniocentesis in the eval- 
uation of pregnancies at risk for neural tube defects 
(Hogge et al). 1989;161:520-4 

Neurofibromatosis 

Neurofibromatosis and pregnancy (Mitterschiffthaler and 

Fuith) (Letter); (Blickstein) (Reply). 1989;161:501 
Newborn; see Infant, newborn 
Nicardipine 

Fetal vascular responses to maternal nicardipine adminis- 
tration in the hypertensive ewe (Parisi et al). 
1989;161:1035-9 | 

Ovine fetal cardiorespiratory response to nicardipine (Hol- 
brook et al). 1989;161:718-21 

Placental vascular responses to nicardipine in the hyperten- 
sive ewe (Parisi et al), 1989;161:1039-43 

Nicotinamide 

Isolation and sequencing of a complementary deoxyribo- 
nucleic acid clone encoding human placental 178-estra- 
‘diol dehydrogenase: identification of the putative cofactor 
binding site (Gast et al). 1989;161:1726-31 

Nifedipine 

Cardiovascular and metabolic effects associated with nifed- 
ipine and ritodrine tocolysis (Ferguson et al). 
1989; 161:788-95 

Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989; 161:1514-8 
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Nifedipine—~cont’d 
Neuromuscular blockade with magnesium sulfate and-ni- 
. fedipine (Snyder and Cardwell). 1989;161:35-6 
` Nifedipine pharmacokinetics during preterm labor tocolysis 
(Ferguson et al). 1989;161:1485-90 
Nomenclature; see also Semantics 
Defining ‘ ‘primiparas” (Gooden) (Letter); (Thomson) (Re- 
ply). 1989;161:1417 j 
Missed abortion: Still appropriate terminology? (Pridjian 
and Moawad). 1989; 161: 261-2 (Clin. apinien) 

Nonstress test 

' The effect of vibroacoustic stimulation on the nonstress test 
‘at gestational ages of thirty-two weeks or, less (Druzin et 
al). 1989;161:1476-8 

Norepinephrine 

Effect.of pregnancy on uterine and carotid artery response 
tó norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al): 1989;161:1605-10 , l 

Nuclear magnetic resonance 

Phosphorus'31 nuclear magnetic resonance examination of 

`. female reproductive tissues (Noyszewski et al). 
1989;161:282-8 f 

Nutrition 

Effect of nutrient intake on premenstrual depression (Wurt- 
man et al). 1989; 161: 1228-34 

Nutritional status 

Which is better, being small or thin? (Nikliiski) (Letter); 
(Patterson) (Reply). 1989;161:1089- 99 . 

O 

Obesity 

- The central role of obesity (hyperinsulinemia) in the patho- 
genesis of the polycystic ovary syndrome (Nestler et al). 
1989;161:1095-7 (Clin. opinion) 

Obstetrical forceps 

Effect of physician characteristics on the cesarean birth rate 
(Bërkowitz et al). 1989;161:146-9 

Occipital bone, growth 

In utero diagnosis of benign fetal macrocephaly. (DeRosa et 
al). 1989;161:690- 2 

Oligomenorrhea 

The patient’s reaction to side effects of oral contraceptives 
(Hillard). 1989; 161: 1412-5 (Symposium) 

Oncogenes - 

Immunocytochemical study of ras and mye proto-oncogene 
‘ polypeptide .expression in the human menstrual ‘cycle 
(Odom et al). 1989;161:1663-8 

Oncotic pressure; see Cell membrane permeability 

Oocytes 

Effects of platelet activating factor on mouse oocyte 
fertilization in vitro (Minhas et al). 1989;161:1714- 
7 : : 

In vivo administration of allopurinol affects ovulation and 
early embryoriic development in rabbits (Miyazaki et tal) 
1989;161:1709-14 

Semen predictors of in vitro fertilization and embryo cleav- 

_ age (Daya et.al). 1989;161:1284-9 

Cophorectomy; see Ovariectomy 

Oral contraceptives; see Contraceptives, oral 

Osteoblasts 

Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989; 161:1313-7 

Osteoporosis : 

Estrogens in the prevention of osteoporosis in postmeno- 
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pausal women n (Genant et al). 1989;161:1842-6 (Sympo- 
sium) 
Outpatients 
Outpatient triplet management; a contemporary review 
(Newman et al). 1989;161:547-5 
Ovarian cancer; see Ovarian diseases 


_ Ovarian cysts 


Recurrence of functional ovarian cysts after laparoscopic 
fenestration (De Wilde). 1989; 161:839, (Letter) 
Ovarian diseases ` - 
Twin pregnancy in premature ovarian failure after estrogen 
treatment: a case report (Tang and Sawers). 
- 1989; 161:172-3 
Ovarian diseases, animal 
Compensatory ovarian hypertrophy occurs by a mechanism 
-distinct from compensatory growth in the regenerating 
liver (Alvarez et al). 1989;161:1653-7 
Ovarian neoplasms 
CA 125 in the epithelium closely related to the embryonic 
ectoderm: the periderm and the amnion (Nanbu et al). 
1989; 161:462-7 
CA 125 as an independent prognostic factor for survival in 
‘patients with epithelial ovarian cancer (Sevelda et al). 
1989; 161:1213-6 
A case-control study of epithelial ovarian cancer (Hartge et 
al). 1989;161:10-6 (Clin. opinion) ; 
Determination of cellular oncogene rearrangement or am- 
plification in ovarian adenocarcinomas (Smith et al). 
1989;161:911-5 
The influence of human antimurine antibody on CA 125 
levels in patients with ovarian cancer undergoing radio- 
immunotherapy or immunoscintigraphy with murine 
monoclonal antibody OC 125 (Muto et al). 1989;161: 
1206-12 
Leiomyoma.of the ovary with ascites and hydrothorax (Ni- 
coll and Cox). 1989;161:177-8 
Localization of gonadotropin binding sites in human 
ovarian neoplasms (Nakano et al). 1989;161:905- 
10 i 
Pelvic and paraaortic lymphocysts after radical surgery be- 
cause of cervical and ovarian cancer (Petru et al). 
1989; 161:937-41 
Treatment of advanced refractory ovarian carcinoma with 
a gonadotropin-releasing hormone analogue (Bruckner 
and Motwani). 1989;161:1216-8 
Ovariectomy ` 
Compensatory ovarian hypertrophy occurs by a mechanism 
distinct from compensatory growth in the eae 
liver (Alvarez et al). 1989;161:1653-7 
Treatment of oophorectomized guinea pigs with intrauter- 
ine 17B-estradiol pellets may modulate myometrial B- 
adrenergic receptor binding properties (Hatjis et, al). 
19895161: 1628- 32 : 
Ovary 
Ovarian ioeo pr esenting as acute hydrothorax 
after in vitro fertilization (Kingsland ‘ et al). 1989;161:381- 
2 
Uterine development and endocrine relationships after 
menarche (Porcu et al). 1989;161:174-7 
Vitamin D ‘(soltriol); light, and reproduction (Stumpf and 
Denny). 1989;161: 1375- 84 (Curr. dev.) 
Ovary, animal 
Compensatory ovarian hypertrophy occurs by a mechanism 
- distinct from compensatory growth in the regenerating 
© liver (Alvarez et al). 1989;161:1653-7 
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Oviducts 
Vitamin D (soltriol), light, and reproduction (Stumpf and 
Denny). 1989; 161:1375-84 (Curr. dev.) 
_ Ovulation 
Effects of systemic ddininistrstion of indomethacin on ovu- 
lation, luteinization, and steroidogenesis in the rabbit 
ovary (Katz ét al). 1989;161:1361-6 
In vivo administration of allopurinol affects ovulation and 
‘early embryonic development it in rabbits (Miyazaki et al). 
1989;161:1709-14 
Ovulation induction 


Peri-implantatioù phase endometrial estrogen and proges- ` 


terone receptors: effect of ovulation induction with clo- 
miphene citrate (Hecht et al). 1989; 161:1688-93 
Twin pregnancy in premature ovaridn failure after estrogen 
treatment: a case report (Tang. and Sawers). 
1989; 161:172-3 iio ™ 
Oximetry 
Continuous fetal monitoring with a pulse oximeter: a case 
of cord compression (Johnson and . Johnson). 
1989; 161:1295-6 í 
Oxygen consumption 
Oxygen consumption during treadmill exercise before, 
- during, and after pregnancy (Clapp). 
1458-64 
Predicting maximal oxygen uptake from treadmill testing 
in. trained and untrained women (Martin et al: 
1989;161:1127-32 . 
Oxytocin 
The'aritagonistic effect of oxytocin and relaxin on rat uter- 
ine segment contractility (Goldsmith et al). 
1989;161:1644-9 
Increased myometrial responsiveness to oxytocin during 
term and preterm labor (Garfield and Bejer). 
1989;161:454-61 
Oxytocin may ‘explain neonatal seizures (Goodlin). 
1989;161:259 (Letter) 
Removing a retained placenta by oxytocin a “controlled 
study (Wilken-Jensen et al). 1989;161:155-6 
Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ag- 
onists and antagonists (Ivanisevic et al). 1989;161:1637- 
43 
Oxytocin, antagonists 
In vitro uterine response to tetramethylpyrazine, the active 
constituent of Chung Chong (a traditional Chinese medi- 
cine) (Tuttle et ali. 1989;161:1319-23 


’ 


P 


Papers 
Papers of the Society for Gynecologic Iħvestigation. 
1989;161:1439-743 
Papillomaviruses 
Comparison of Cytobrush and cervicovaginal lavage sam- 
. pling methods for the detection of genital human papil- 
lomavirus (Goldberg et al). 1989;161:1669-72 
Increased frequency of detéction of human papillomavirus 
deoxyribonucleic acid in exfoliated cervical cells duri ing 
pregnancy (Rando et al). 1989;161:50-5 
Mechanism for human papillomavirus transmission at birth 
(Sedlacek ‘et al). 1989;161:55-9 ` 


Presence of human papillomavirus deoxyribonucleic, acid 


{Beckmann et al) (Letter); (Kaufman et al) (Reply). 
1989;161:1419-20 
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Parathyroid hormones 
` Erythrocyte cation metabolism in preeclampsia (Sowers et 
al). 1989;161:441-5 
Partial thromboplastin time 
The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies in a general ob- 
stetric population (Lockwood et al). 1989; 161:369-73 
Particle size ` * d 
Absorption of oral progesterone is influenced by vehicle and 
particle size (Hargrove et al). 1989;161:948-51 
Parturition; see Labor 
Paternity 
“Possibly” de novo translocations: prenatal risk counseling 
(Wassman. et al}. 1989; 161:698- 702 
Pedophilia 
Anal and perianal abnormalities in prepubertal victims of 
sexual abuse (Muram). 1989;161:278-81 
Pelvic examination; see Physical examination 
Pelvic neoplasms 
Aggressive angiomyxoma first diagnosed as levator hernia 
- (Sutton et al). 1989;161:73-5 
Pemphigus | 
Pemphigus in pregnancy (Kanwar et al). 1989;161:995-6 
Peptides 
Human a- and -calcitonin gene-related peptides are va- 
` sodilators in human chorionic plate vasculature (Firth and 
Pipkin). 1989;151:1318-9 
Perfusion : 
Does insulin affect placental glucose metabolism and trans- 
fer? (Urbach et al). 1989;161:953-9 
Peritoneal cavity 
Peritoneal blood painting: an aid in the diagnosis of en- 
dometriosis (Redwine). 1989;161:865-6 
Peritoneal cavity, cytology 
Lymphocyte activity in the presence of peritoneal fluid from 
` fertile women and infertile women with and without en- 
dometriosis (Hill and Anderson). 1989;161:861-4 
Peritoneal lavage 
' Release of tumor necrosis factor-a by human peritoneal 
macrophages in vivo and in vitro (Halme). 
1989; 161:1718-25 
Peritoneoscopy | 
Recurrence of functional ovarian cysts after laparoscopic 
` fenestration (De Wilde). 1989;161:839 (Letter) 
Pessaries 
Transfer of prostaglandins to the fetus after prostaglandin 
E; vaginal pessary administration (MacKenzie et al). 
1989; 161:920-3 


Pfannenstiel incision 


Nerve entrapment after Pfannenstiel incision (Piura) (Let- 
ter); (Sippo) (Reply). 1989; 161:499-500 
pH; see Hydrogen-ion concentration 
Phenylalanine 
Maternal phenylketonuria and hyperphenylalaninemia: im- 
plications for medical practice in the United States (Luder 
and Greene). 1989;161: 1102-5 (Clin. opinion) 
Phenylephrine 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenvlephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989;161:1605-10 
Phenylketonuria 
Maternal phenylketonuria and hyperphenylalaninemia: im- 
_ plications for medical practice in the United States (Luder 
and Greene). 1989;161:1102-5 (Clin. opinion) 
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Phenytoin 
Clinical experience with phenytoin prophylaxis in severe 
- preeclampsia (Ryan et al). 1989;161:1297-304 (Curr. in- 
vest.) 
Philosophy, medical 
The impact of the acquired immunodeficiency syndrome 
epidemic on the philosophy of childbirth. (Rotmensch et 
al), 1989;161:855-6 (Clin. opinion) 
Phosphatidylglycerols 
Uselessness of the phosphatidylglycerol assay for prediction 
of lung maturity (Egberts and Wijnands) (Letter); (Fadel) 
(Reply). 1989;161:1417-8 : 
Phospholipid antibodies; see Antibodies 
Phospholipids i 
` Successful treatment of two women sik antiphospholipid 
antibodies and refractory pregnancy losses with intrąve- 
nous immunoglobulin infusions (Wapner et al). 
1989;161:1271-2 
Surfactant proteins in the diagnosis of fetal lung ma- 
turity. II. The 35 kd protein and phospholipids in com- 
plicated pregnancy’ (Hallman et al). 1989;161:965- 
9 ‘ ; i . 
Physical examination 
Pelvic examinations by medical students (Cohen et. al). 
1989; 161:1013-4° ` : 
Physician’s practice patterns 
‘Effect of physician characteristics on the cesarean birth rate 
(Berkowitz et al). 1989; 161:146-9 
Pituitary” gland 
Fetal intermediate lobe is stimulated by parturition (Fac- 
. chinetti et al). 1989;161: 1267-70 ` 
Pituitary hormone releasing hormone, analogs 
Treatment of advanced refractory ovarian carcinoma with 


- a gonadotropin-releasifg hormone analogue (Bruckner 


and Motwani). 1989; ae 1216-8 

Placenta 

. Abscess of allantoic duct remnant (Baill et al). 1989;161:334- 
6 ® . 

‘Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments 
of human placental villi (Nelson and Walsh). 
1989; 161:1593-8 

Does insulin affect placental glucase metabolism and trans- 
fer? (Urbach et al). 1989;161:953-9 

Effect of diagnostic and therapeutic cordocentesis on ma- 
ternal serum a-fetoprotein concentration (Weiner et al). 
1989; 161:706-8 

Effect of placental laterality on uterine artery resistance and 
development of preeclampsia and intrauterine growth re- 
tardation (Kofinas et al). 1989;161:1536-9 

High glucose level decreases proliferation of cultured hu- 
man fetal cells from placenta (Nelson and Curran). 
1989; 161:1553-8 

Human a- and -calcitonin gene-related peptides are va- 
sodilators in human chorionic plate vasculature (Firth and 
Pipkin). 1989;161:1318-9 

Increased placental progesterone may cause decreased pla- 
cental prostacyclin production in preeclampsia (Walsh 
and Coulter). 1989;161:1586-92 

A longitudinal study of the relationship between placental 
and fetal growth as measured by ullsascnog ey (Wolf 
et al). 1989;161:1140-5 

Phosphorus 31 nuclear magnetic resonance examination of 
_female’ reproductive tissues (Noyszewski et al). 
1989;161:282-8 ° $ 
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Removing a retained placenta by oxytocin a controlled 
study (Wilken-Jensen et al). 1989;161:155-6 
Ultrasonographic criteria for the prenatal diagnosis of pla- 
cental chorionicity in twin gestations (Winn et al). 
1989;161:1540-2 ° 
Placenta, animal 
Atrial natriuretic peptide receptors in guinea pig placentas 
(Hatjis and Grogan). 1989;161:493-6 
Pharmacokinetics of azidothymidine during late pregnancy 
in Long-Evans rats (Little et al). 1989;161:732-4 
Placental vascular responses to nicardipine in the hyperten- 
sive ewe (Parisi et al). 1989;161:1039-43 
Placenta, ultrastructure 
Ultrastructural aspects of preeclampsia. I. Placental bed and 
uterine boundary vessels (Shanklin and, Sibai). 
1989; 161:735-41 
Placenta accreta 
Placenta percreta induced uterine rupture and resulted in 
intraabdominal abortion (Nagy). 1989;161:1185-6 
Placenta diseases 
Asymptomatic thrombocytopenia associated with chorio- 
angioma of placenta (Limaye and Tchabo). 1989;161: 
76-7 
Doppler velocimetry and placental disease (Bracero et al). 
1989; 161:388-93 
Isolation of human immunodeficiency virus from the pla- 
_ centa or from maternal blood contaminating the placenta? 
(Greenspoon and Settlage) (Letter); (Hill et al) (Reply). 
1989;161:501-2° 
Twin-to-twin transfusion syndrome: What are appropriate 
diagnostic criteria? (Danskin and Neilson). 1989;161:365- 
ee i 
Placenta diseases, animal 
Effect of placental embolization on the umbilical arterial 
velocity waveform in fetal sheep (Morrow et al). 
1989;161:1055-60. 
Placenta neoplasms; see Pregnancy complications, E 


z Placental function tests 


Doppler assessment of the fetal and uteroplacental circu- 
lation during nifedipine therapy for preterm labor (Mari 
et al). 1989;161:1514-8 

Placental hormones 

Aromatase in human fetal tissues (Doody and Carr). 
1989; 161:1694-7 

Isolation ‘and sequencing of a complementary deoxyribo- 
nucleic acid clone encoding human placental 17-estra- 
diol dehydrogenase; identification of the putative cofactor 
binding site (Gast et al). 1989;161:1726-31 

Placental insufficiency 

Cordocentesis in the diagnosis of intrauterine starvation 
(Economides et al). 1989; 161:1004-8 

Placental proteins; sce Pregnancy proteins 

Placental villi; see Chorionic villi 

Plasma . 

- Comparison of in vivo bioavailability of progestational 
agents into the rat uterus and liver and the effect of 
plasma protein binding (Van Voorhis et al. 
1989;161:1698-703 l 

Platelet activating factor 

Effects of platelet activating factor on mouse oocyte fertil- 

. ization in vitro (Minhas et al). 1989;161:1714-7 

Platelet count 

Can platelet volume predict progressive hypertensive dis- 
easé in pregnancy? (Walker et al). 1989;161:676-9 

Platelets; see Blood: platelets 
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Pleural effusion 


Noninvasive management of isolated bilateral fetal hydro-- 


thorax (Pijpers et al). 1989;161:330-2 
Pneumonia 
Pneumonia during pregnancy: Has modern technology im- 
proved maternal and fetal outcome? (Madinger et al). 
1989; 161:657-62 
Polychondritis, relapsing 
Relapsing polychcndritis in pregnancy: a case report and 
review (Gimovsky and Nishiyama). 1989;161:332-4 
Polycystic ovary syndrome 
Androgen sulfate and glucuronide conjugates in nonhirsute 
and hirsute women with polycystic ovarian syndrome 
(Matteri et al), 1989;161:1704-9 
The central role of obesity (hyperinsulinemia) in the patho- 
genesis of the polycystic ovary syndrome (Nestler et al). 
1989;161:1095-7 (Clin. opinion) 
Polycystic ovary syndrome, animal 
Pattern of human chorionic gonadotropin binding in the 
polycystic ovary (Brawer et al). 1989;161:474-80 
Postmature infant; sze Infant, postmature 
Postmenopausal bone loss; see Osteoporosis 
Postoperative complications 
Nerve entrapment after Pfannenstiel incision (Piura) (Let- 
ter); (Sippo) (Reply). 1989;161:499-500 
Postpartum period, infection in; see Puerperal infection 
PP14 secretory protein; see Pregnancy proteins 
Predictive value of tests 
Flow cytometry of normal, hyperplastic, and malignant 
human endometrium (Thornton et al). 1989;161:487- 
92 
The predictive value of fetal breathing movement and 
Bishop score in the diagnosis of “true” preterm labor 
(Schreyer et al). 1989;161:886-9 
Predictive value of increased plasma levels of fibronectin in 
gestational hypertension (Ballegeer et al). 1989;161:432- 
6 


Predictive values, relative risks, and overall benefits of high 
and low maternal serum a-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
al). 1989;161:291-7 

Prednisone 

Dosage and duration differences lead to diverse conclusions 
(Shulman) (Letter); (Hammond) (Reply). 1989;161:1744- 
6 

Pre-eclampsia 


Atrial natriuretic factor maternal and fetal concentrations 


in severe preeclampsia (Hatjis et al). 1989;161:1015-9 

The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 

Clinical experience with phenytoin prophylaxis in severe 
preeclampsia (Ryan et al). 1989;161:1297-304 (Curr. in- 
vest.) 

Effect of magnesium and preeclampsia on plasma cholin- 
esterase activity (Marx) (Letter); (Kambam et al) (Reply). 
1989;161:1754-5 

Effect of placental laterality on uterine artery resistance and 
development of preeclampsia and intrauterine growth re- 
tardation (Kofinas et al). 1989;161:1536-9 

Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: an unusual case report and a 
review of the literature (Hannah et al). 1989;161:322-3 

Erythrocyte cation metabolism in preeclampsia (Sowers et 
al). 1989;161:441-5 

Increased placental progesterone may cause decreased pla- 
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cental prostacyclin production in preeclampsia (Walsh 
and Coulter). 1989;161:1586-92 
Is central venous pressure monitoring “contraindicated” in 
patients with severe preeclampsia? (Woodward and Ro- 
manoff) (Letter); (Clark and Cotton) (Reply). 
1989; 161:837-9 
Lipid peroxidation in pregnancy: new perspectives on pre- 
eclampsia (Hubel et al). 1989; 161:1025-34 (Curr. dev.) 
Magnesium supplementation during pregnancy: a double- 
blind randomized controlled clinical trial (Sibai et al). 
1989;161:115-9 
Predictive value of increased plasma levels of fibronectin in 
gestational hypertension (Ballegeer et al). 1989;161:432-6 
Preeclampsia: an endothelial cell disorder (Roberts et al). 
1989; 161:1200-4 
Prematurity among insulin-requiring diabetic gravid 
women (Greene et al). 1989;161:106-11 
Ultrastructural aspects of preeclampsia. I, Placental bed and 
uterine boundary vessels (Shanklin and Sibai). 
1989; 161:735-41 
Zinc, cadmium, and hypertension in parturient women (La- 
zebnik et al). 1989;161:437-40 
Pregnancy 
Central hemodynamic assessment of normal term preg- 
nancy (Clark et al). 1989;161:1439-42 
Exercise prescription in pregnancy: weight-bearing versus 
non-weight-bearing exercise (Artal et al). 1989;161:1464- 
9 ; 
Measurement of cardiac output in pregnancy by thoracic 
electrical bioimpedance and thermodilution (Masaki et 
al). 1989;161:630-4 
The measuring of blood pressure during pregnancy (Villar 
et al). 1989;161:1019-24 
Oxygen consumption during treadmill exercise before, dur- 
ing, and after pregnancy (Clapp). 1989;161:1458-64 
Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ag- 
onists and antagonists (Ivanisevic et al). 1989;161:1637- 
43 
Pregnancy in adolescence 
Maternity shelter care for adolescents: its effect on incidence 
of low birth weight (LaGuardia et al). 1989;161:303-6 
Pregnancy, animal 
Atrial natriuretic factor: the effects of pregnancy and a 
high-salt diet on atrial levels (Castro et al). 1989;161:1620- 
3 
Effect of inhibiting prostaglandin synthesis in pregnant 
sheep with 4-aminoantipyrine under normothermic and 
hyperthermic conditions (Andrianakis et al). 
1989;161:241-7 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989;161:1605-10 
Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989; 161:234-40 
In vitro release of endothelium-derived relaxing factor by _ 
acetylcholine is increased during the guinea pig preg- 
nancy (Weiner et al). 1989;161:1599-605 
Lack of evidence of a vasodepressor role for relaxin in spon- 
taneously hypertensive and normotensive pregnant rats 
(Ahokas et al). 1989;161:618-22 
Lymph flow rate response to angiotensin II is decreased in 
pregnant sheep (Valenzuela and Longo). 1989;161:1615- 
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Pregnancy, animal—cont’d 
Pregnancy-induced changes in the interaction of guinea pig 
myometrial B-adrenergic receptors with Lisoproterenol 
(Hatjis and Grogan). 1989;161:1633-6 
Progesterone antagonist lilopristone: a potent abortifacient 
in the common marmoset (Puri et al). 1989;161:248-53 
Uncoupling of excitation from contraction in uterine 
smooth muscle in near-term ewes (Reid et al). 
1989; 161:229-33 
Pregnancy in diabetes 
Do the current standards for glucose tolerance testing in 
pregnancy represent a valid conversion of O’Sullivan’s 
original criteria? (Sacks et al). 1989; 161:638-41 
Early pregnancy glycosylated hemoglobin, severity of dia- 
betes, and fetal malformations (Lucas et al). 
1989; 161:426-31 
Glycemic control in gestational diabetes mellitus How tight 
is tight enough: Small for gestational age versus large for 
gestational age? (Langer et al). 1989;161:646-53 
How reliable is the fifty-gram, one-hour glucose screening 
test? (Sacks et al). 1989;161:642-5 
Management of women with one abnormal oral glucose tol- 
erance test value reduces adverse outcome in pregnancy 
(Langer et al). 1989;161:593-9 
A population-based study of maternal and perinatal out- 
come in patients with gestational diabetes (Jacobson and 
Cousins). 1989;161:981-6 
Pregnancy after aortofemoral bypass grafting in a diabetic 
patient (Bradley-Watson). 1989;161:200-1 
Prematurity among insulin-requiring diabetic gravid 
women (Greene et al). 1989;161:106-11 
Randomized trial of diet versus diet plus cardiovascular con- 
ditioning on glucose levels in gestational diabetes (Jova- 
novic-Peterson et al). 1989;161:415-9 
Screening for gestational diabetes (Hunter) (Letter); (Wei- 
ner) (Reply). 1989;161:1423-4 
Significant decrease in congenital malformations in new- 
born infants of an unselected population of diabetic 
women (Damm and Mglsted-Pedersen). 1989;161:1163- 
7 : 
Pregnancy in diabetes, animal 
Prolonged hyperinsulinemia reduces plasma fatty acid levels 
in the major lipid groups in fetal hee (Ogburn et al). 
1989; 161:728-32 
Pregnancy, ectopic 
Cervical pregnancy after in vitro fertilization and embryo 
transfer (Weyerman et al). 1989;161:1145-6 


Fertility after ectopic pregnancy (Mitchell et al). 


1989;161:576-80 

First successful intrauterine pregnancy after treatment of 
tubal pregnancy with prostaglandin Fz, (Egarter and Hus- 
slein). 1989;161:904 

Local methotrexate injection: a nonsurgical treatment of 
ectopic pregnancy (Pansky et al). 1989;161:393-6 

Low serum progesterone levels and tubal dysfunction a 
possible cause of ectopic pregnancy (Pulkkinen and Jaak- 
kola). 1989;161:934-7 

Maternal mortality in North Carolina: a forty-year experi- 
ence (May and Greiss). 1989;161:555-61 

Serial human chorionic gonadotropin determinations by 
fluorcimmunoassay for differentiation between intra- 
uterine and ectopic gestation (Lindblom et al. 
1989;161:397-400° 

Spontaneously resorbing ectopic pregnancy: preservation 
of human chorionic gonadotropin bioactivity despite de- 
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-clining steroid hormone levels (Sauer et al). 
1989; 161:1673-6 
Successful treatment of a viable cervical pregnancy with 
methotrexate (Palti et al). 1989;161:1147-8 
Transvaginal ultrasonography in patients at risk for ectopic 
pregnancy (Stiller et al). 1989; 161:930-3 
The use of transvaginal ultrasonography in the diagnosis 
` of ectopic pregnancy (Timor-Tritsch et al). 1989; 161:157- 
61 
Vaginosonographic examination Routine procedure? 
(Furness) (Letter); (Bernaschek and Rudelstorier) (Re- 
ply). 1989;161:499 
Pregnancy, multiple 
Multiple gestation with intrauterine insemination and men- 
otropin therapy (Corsan et al) (Letter); (Dodson et al) 
(Reply). 1989;161:1751-2 
Successful twin pregnancy after embryo donation to a pa- 
tient with XY gonadal dysgenesis (Sauer et al). 
1989; 161:380-1 
Twin pregnancy in premature ovarian failure after estrogen 
treatment: .a case report (Tang and  Sawers). 
1989; 161:172-3 
Twin-to-twin transfusion syndrome: What are appropriate 
diagnostic criteria? (Danskin and Neilson). 1989; 161:365- 
9 . 
Pregnancy, prolonged 
Macrosomia in the postdate pregnancy: Is routine ultrason- 
ographic screening indicated? (Chervenak et al). 
1989; 161:753-6 
Maternal-fetal outcomes in prolonged pregnancy (Cucco et 
al). 1989;161:916-20 
Postdate fetal surveillance: Is 41 weeks too early? (Guidetti 
et al), 1989;161:91-3 
Pregnancy, tubal; see also Pregnancy, ectopic 
` First successful intrauterine pregnancy after treatment of 
tubal pregnancy with prostaglandin F,, (Egarter and Hus- 
slein). 1989;161:904 
Local methotrexate injection: a nonsurgical treatment of 
ectopic pregnancy (Pansky et al). 1989;161:393-6 
Pregnancy, unwanted 
Attempted suicide and pregnancy (Czeizel and Lendvay). 
1989;161:497 (Letter) 
Pregnancy-associated alpha plasma protein 
Immunoregulatory activity in supernatants from cultures of 
normal human trophoblast cells of the first trimester (San- 
yal et al). 1989;161:446-53 
Pregnancy complications 
Abscess of allantoic duct remnant (Baill et al). 1989; 161:334- 
6 
Aromatase in human fetal tissues (Doody and Carr). 
1989;161:1694-7 
Candida warrants concern (Elliott) (Letter); (Smith) (Reply). 
1989;161:503 
The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 
Cocaine abuse during pregnancy: peripartum prevalence 
and perinatal outcome (Neerhof et al). 1989;161:633-8 
Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: an unusual case report and 
a review of the literature (Hannah et al). -1989;161: 
322-3 
Erythrocyte cation metabolism in preeclampsia (Sowers et 
val). 1989;161:441-5 
Is a decrease in plasma oncotic pressure enough to explain 
the edema of pregnancy? (Valenzuela). 1989;161:1624-7 
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Lipid peroxidation in pregnancy: new perspectives on pre- 
eclampsia (Hubel et al). 1989;161:1025-34 (Curr. dev.) 
Mechanism for human papillomavirus transmission at birth 
(Sedlacek et al). 1989;161:55-9 

Multidisciplinary team counseling for fetal anomalies (Lor- 
enz and Kuhn). 1989;161:253-6 (Clin. opinion) 

Neonatal mortality in normal birth weight babies: Does the 
level of hospital care make a a difference? (Berg et al). 
1989;161:86-91 

Neurofibromatosis and ‘pregnancy (Mitterschiffthaler and 
Fuith) (Letter); (Blickstein) (Reply). 1989;161:501 

Pemphigus in pregnancy (Kanwar et al). 1989; 161:995-6 

Phosphorus 31 nuclear magnetic resonance examination of 
female reproductive tissues (Noyszewski et al). 
1989; 161:282-8 : 

Pneumonia during pregnancy: Has modern technology im- 
proved maternal and fetal outcome? (Madinger et al); 
1989;161:657-62 

Predictive value of increased plasma levels of fibronectin in 
gestational hypertension (Ballegeer et al). 1989;161:432- 
6 noy 


Predictive values, relative risks, and overall benefits of high 
and low maternal serum a-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
al). 1989;161:291-7 

Prematurity among insulin-requiring diabetic gravid 
women (Greene et al). 1989;161:106-11 

The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies in a general ob- 
stetric population’ (Lockwood et al). 1989;161:369-73 

Prolactin levels in umbilical cord blood of human infants: 
relation to gestational age, maternal complications, and 
neonatal lung function (Parker et al). 1989;161:795-802 

Prolongation of pregnancy and survival of twin B after loss 
of twin A at 21 weeks’ gestation (Feichtinger et al). 
1989;161:891-3 

Relapsing polychondritis in pregnancy: a case report and 
review (Gimovsky and Nishiyama). 1989;161:332-4 

Role of ferritin supported in diagnosis of anemias of preg- 
nancy (Goodlin) (Letter); (Schifman) (Reply). 
1989;161:258-9 

The role of ultrasonography and amniocentesis in the eval- 
uation of pregnancies at risk for neural tube defects 
(Hogge et al). 1989; 161:520-4 

Unexplained elevated maternal serum a-fetoprotein level 
associated with third-trimester problems (Stephens). 
1989; 161:500 (Letter) 

Usefulness of continuous fetal heart rate monitoring during 
cesarean section (Petrikovsky et al). 1989;161:36-7 

Zinc, cadmium, and hypertension in parturient women (La- 
zebnik et al). 1989;161:437-40 

Pregnancy complications, animal 

Effect of a 48-hour A’-androstenedione infusion on the 
pregnant rhesus monkey in the last third of gestation: 
changes in maternal plasma estradiol concentrations and 
myometrial contractility (Figueroa et al). 1989; 161:481-6 

Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989;161:234-40 

Lack of evidence of a vasodepressor role for relaxin in spon- 

* taneously hypertensive and normotensive pregnani 2 rats 
(Ahokas et al). 1989;161:618-22 

Pharmacokinetics of azidothymidine during late pregnancy 
in Long-Evans rats (Little et al). 1989;161:732-4 

Pregnancy complications, cardiovascular 
Calcium intake and pregnancy-induced hypertension (Sem- 
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chyshyn) (Letter); 
1989; 161:834-5 
Can platelet volume predict progressive hypertensive dis- 
ease in pregnancy? (Walker et al). 1989; 161:676-9 
Ultrasonographic guidance for central venous access during 
pregnancy (Lee et al). 1989;161:1012-3 
Pregnancy complications, hematologic 
Maternal hemogicbin.F levels may have an adverse effect 
on neonatal birth weight in pregnancies with sickle cell 
disease (Anyaegbunam et al). 1989;161:654-6 
Thrombosis prophylaxis in pregnancy with use of sub- 
cutaneous heparin adjusted by monitoring heparin 
concentration in plasma (Dahlman et al). 1989;161: 
420-5 
Pregnancy complications, infectious; see also Amniotic fluid 
Fetal death from chlamydial infection across intact amniotic 
membranes (Thorp et al). 1989;161:1245-6 
Immunosuppression in pregnant women infected with hu- 
mah immunodeficiency virus (Biggar et al). 
1989;161:1239-44 ` 
Infection and labor. IV. Cachectin—tumor necrosis factor in 
the amniotic fluid of women with intraamnictic infection 
and preterm labor (Romero et al). 1989;161:336-41 
Risk factors for intraamniotic infection: a prospective epi- 
demiologic study (Soper et al). 1989;161: 562- 8 
Pregnancy complications, neoplastic 
Asymptomatic thrombocytopenia associated with chorioan- 
gioma of placenta (Limaye and Tchabo). 1989; 161:76-7 
Sarcoma associated wtih pregnancy (Kyodo et al). 
1989; 161:94-6 
Pregnancy maintenance 
Cardiac isoenzymes and electrocardiographic changes dur- 
ing ritodrine tocolysis (Hadi and  Albazzaz). 
1989; 161:318-21 
Prolongation of pregnancy and survival of twin B after loss 
of twin A at 21 weeks’ gestation (Feichtinger et al). 
1989; 161:891-3 
Pregnancy outcome 
Acid-base status at birth and neurodevelopmental outcome 
at four and one-half years (Dennis et al). 1989;161:213- 
20 
Antenatal ultrasonographic diagnosis of fetal seizure activity 
(Landy et al). 1989;161:308 i 
Attempted suicide and pregnancy (Czeizel and Lendvay). 
1989;161:497 (Letter) - 
Breech presentation after cesarean section: always a section 
(Ophir et al). 1989;161:25-8 
Changing outcome of extremely premature infants (=26 
weeks’ gestation and <750 gm): survival and follow-up at 
a tertiary center (Ferrara et al). 1989;161:1114-8 
Cocaine abuse during pregnancy: peripartum prevalence 
and perinatal outcome (Neerhof et al). 1989;161:633-8 
Data sought to-link adverse pregnancy outcome with ma- 
ternal serum «-fetoprotein levels in black gravid women 
(Lenke) (Letter); (Macri et al) (Reply). 1989; 161:254-5 
` Doppler velocimetry and placental disease (Bracero et al). 
1989;161:388-93 
Early pregnancy glycosylated hemoglobin, severity of dja- 
betes, and fezal malformations (Lucas et al). 
1989;161:426-31 i 
The effects of maternal exercise on early pregnancy out- 
come (Clapp). 1989;161:1453-7 
Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161: 1-9 (Clin. opinion) 


(Belizin and Villar) (Reply). 
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Pregnancy outcome—cont’d 
In utero cocaine exposure: observations of fetal behavioral 
‘state may predict neonatal outcome (Hume: et fad 
1989; 161:685-90 
The improving outcome of triplet pregnancies (Lipi et taD, 
1989;161:1279-84 
Magnesium supplementation during pregnancy: a double- 
blind randomized controlled clinical trial (Sibai et al). 
1989;161:115-9 
Management of the nonvertex second twin: primary cesar- 
ean section, external version, or primary breech extrac- 
tion (Gocke et al). 1989;161:111-4 
Management of women with one abnormal oral glucose tol- 
erance test value reduces adverse outcome in pregnancy 
(Langer et.al). 1989;161:593-9 
Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: relationship to outcome (Brar et al). 
` 1989;161:1519-22 
Maternal-fetal outcomes in prolonged pregnancy (Cucco et 
al). 1989;161:916-20 
Neonatal mortality in normal birth weight babies: Does the 
level of hospital care make a difference? (Berg et al). 
1989;161:86-91 
Noninvasive management of isolated bilateral fetal hydro- 
thorax (Pijpers et al). 1989;161:330-2 
Oxygen consumption during treadmill exercise before, 
during, and after pregnancy (Clapp). 1989;161: 
1458-64 
Perinatal: outcome in very preterm births with twin-twin 
transfusion syndrome ` (Shan and Chaffin). 
1989;161:1111-3 
A population- -based study of maternal and perinatal out- 
come in patients with gestational diabetes (Jacobson and 
Cousins). 1989;161:981-6 
Postdate fetal surveillance: Is 41 weeks too early? (Guidetti 
et al). 1989;161:91-3 
Predictive values, relative risks, and overall benefits of high 
and low maternal serum a-fetoprotein screening in sin- 
gleton pregnancies: new epidemiologic data (Milunsky et 
al). 1989;161:291-7 
Pregnancy after aortofemoral bypass grafting i in a diabetic 
patient (Bradley-Watson). 1989;161:200-1. 
Pregnancy in obstetrics residents (Milet). 1989;161: 1499 
(Letter) 
Prematurity among insulin-requiring diabetic gravid 
women (Greene et al). 1989;161:106-11 
The prevalence and biologic significance of lupus antico- 
agulant and anticardiolipin antibodies in a general ob- 
stetric population. (Lockwood et al). 1989;161:369-73 
Reproductive outcome after anesthesia and operation dur- 
ing pregnancy: registry study of 5405 cases (Mazze and 
Källén). 1989;161:1178-85 
Successful pregnancy after a liver npani (Sims et al). 
1989;161:532-3 
Vaginal birth after cesarean ‘delivery in the twin gestation 
(Strong et al). 1989;161:29-32 
Pregnancy outcome, animal 
Gestational diabetes in the BHE rat: influence of dietary fat 
(Bue et al). 1989;161: 234-40 
Pregnancy proteins 
Elevated serum levels of endometrial secretory protein PP14 
in patients with advanced endometriosis: suppression by 
‘treatment with danazol and high- -dose medroxyproges- 
terone acetate (Telimaa et al). 1989;161:866-71 ` 
Immunoregulatory activity in supernatants from cultures of 


December 1989 
Am J Obstet Gynecol 


normal human trophoblast cells of the first trimester (San- 
yal et al). 1989;161:446-53 
Pregnancy tests 

Analytical and clinical sensitivity and specificity in. preg- 
nancy testing (Norman) (Letter); (Emancipator) (Reply). 
1989;161:835-6 

Vaginosonographic examination Routine procedure? 
(Furness) (Letter); (Bernaschek and Rudelstorfer) (Re- 
ply). 1989;161:499 

Pregnancy trimester, animal, third 

Power spectrum analysis of myometrial electromyogram 
and intrauterine pressure changes in the pregnant rhesus 
monkey in late gestation (Hsu et al). 1989;161:467-73 

Pregnancy trimester, first 

Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989;161:1449-53 

Dating the early pregnancy by sequential appearance of 
embryonic structures (Warren et al). 1989;161:747-53 

First-trimester midgut herniation: a high-frequéncy trans- 
vaginal sonographic study (Timor-Tritsch et al). 
°1989;161:831-3. z f 

The frequency and management of uterine perforations 
during first-trimester abortions (Kaali et. al). 
1989;161:406-8 l : 

Immunoregulatory activity in supernatants from cultures of 
normal human trophoblast cells of the first trimester (San- 
yal et al). 1989; 161:446-53 

Missed abortion: Still appropriate terminology? (Pridjian 
and Moawad), 1989;161:261-2 (Clin. opinion) 

Pregnancy trimester, second 

Does midtrimester AOD, of amniotic fluid reflect severity 
of Rh disease? (Ananth and Queenan). 1989;161:47-9: 

The efficacy of fetal sonographic biometry in Down syn- 
drome screening (Peters et al). 1989;161:297-300 

Esterase activity in second- and third-trimester amniotic 
fluid: an indicator of chorioamnionitis (Hoskins et al). 
1989;161:1543-5 | 

Missed .abortion: Still appropriate terminology? (Pridjian 
and Moawad). 1989;161:261-2 (Clin. opinion) 

Pregnancy trimester, third 

The effect of vibroacoustic stimulation on the nonstress test 
at gestational ages of thirty-two weeks or less (Druzin et 
al). 1989;161:1476-8 

Effects of maternal hyperoxia on the biophysical assessment 
of fetuses with suspected intrauterine growth retardation 
(Ruedrich et al). 1989;161:188-92 — 

Elevated liver enzymes and thrombocytopenia in the third 
trimester of pregnancy: an unusual case. report and a 
review of the literature (Hannah et al). 1989;161:322-3 

Esterase activity in second- and third-trimester amniotic 
fluid: an indicator of chorioamnionitis (Hoskins et al). 
1989; 161:1543-5 

Individual growth curve standards i in twins: prediction of 
third-trimester growth and birth characteristics (Stefos et 
al). 1989;161:179-83 

Postdate fetal surveillance: Is 41 weeks too early? (Guidetti 
et al). 1989;161:91-3 

Preterm and term fetal cardiac and movement responses to 
vibratory acoustic Stimulation nasi et alj. 
1989;161:141-5 

Unexplained elevated maternal serum a-fetoprotein level 
associated with. third-trimester problems (Stephens). 
1989;161:500 (Letter) 

Pregnancy trimester, third, animal 
Effect of a 48-hour A'-androstenedione infusion on the 
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pregnant rhesus monkey in the last third of gestation: 
changes in maternal plasma estradiol concentrations 
and myometrial contractility (Figueroa et al). 1989;161: 
481-6 | 
Premature infant; see Infant, premature 
Premature labor; see Labor, premature 
Premature rupture of membranes; see Fetal membranes, pre- 
mature rupture — 
Premenstrual syndrome 
Depressive episodes in premenstrual syndrome (Mortola et 
` al). 1989;161:1682-7 
Effect of nutrient intake on premenstrual depression (Wurt- 
man et al). 1989;161:1228-34 
Prenatal care 
Multidisciplinary team counseling for fetal anomalies (Lor- 
enz and Kuhn). 1989;161:263-6 (Clin. opinion) 
Prenatal diagnosis 
Amniotic fluid acetylcholinesterase ratios in prenatal diag- 
nosis of fetal abnormalities (Kelly et al). 1989;161:703-5 
Analysis of fetal loss after transcervical chorionic villus sam- 
pling a review of 719 patients (Wade and Young). 
1989;161:513-9 _ : 
Enlarged cisterna magna in trisomy 18: prenatal ultrason- 
ographic diagnosis (Thurmond et al). 1989:161:83-5 
Fetal cardiac output in the isoimmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 
First-trimester and early second-trimester diagnosis of nu- 
chal cystic hygroma by transvaginal sonography: diverse 
prognosis of the septated from the nonseptated lesion 
(Bronshtein et al). 1989;161:78-82 
In utero diagnosis of benign fetal macrocephaly (DeRosa et 
al). 1989;161:690-2. 
“Possibly” de novo translocations: prenatal risk counseling 
(Wassman‘et al). 1989;161:698-702 
Pulsed Doppler flow-velocity waveforms in the prediction 
_ of fetal hematocrit of the severely isoimmunized preg- 
nancy (Copel et al). 1989; 161:341-4 
Rapid chromosome analysis with spontaneously dividing 
cells derived from umbilical cord blood (fetal and neo- 
natal) (Tipton et al). 1989;161:1546-8 
Ultrasonographic criteria for the prenatal diagnosis of pla- 
cental chorionicity in twin gestations (Winn et al). 
>: 1989;161:1540-2 f 
Presentation, breech; see Breech presentation 
Presidential address ; 
The challenge of change revisited (Greiss). 1989;161:505-9 
(Pres. address) f 
Preterm delivery; see Infant, premature 
Preterm labor; see Labor, premature 
Prevalence studies 
Data sought to link adverse pregnancy outcome with ma- 
ternal serum a-fetoprotein levels in black gravid women 
(Lenke) (Letter); (Macri et al) (Reply). 1989;161:254-5 
Differences between white and Chinese populations in hu- 
man leukocyte antigen sharing and gestational tropho- 
__ blastic tumors (Ho et al). 1989; 161:942-8 7 
Prevous cesarean section: see Cesarean section 
Professional practice 
The challenge of change revisited (Greiss). 1989;161:505-9 
(Pres. address) 
Progestational hormones 
Comparison of in vivo bioavailability of progestational 
agents into the rat uterus and liver and the effect of 
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plasma protein binding (Van Voorhis et al). 
1989; 161:1698-703 
Progesterone _ ; 

Absorption of oral progesterone is influenced by vehicle and 
particle size (Hargrove et al). 1989;161:948-51 

Effects of fetal sex and dexamethasone on preterm maternal 
serum concentrations of human chorionic gonadotropin, 
progesterone, estrone, estradiol, and estriol (Haning et 
al). 1989;161:1549-53 

Increased placental progesterone may cause decreased pla- 
cental prostacyclin production in preeclampsia (Walsh 
and Coulter). 1939;161:1586-92 

Low serum progesterone levels and tubal dysfunction a 
possible cause of ectopic pregnancy (Pulkkinen and Jaak- 
kola). 1989; 161:934-7 

Optimal time in the menstrual cycle for serum progesterone 
measurement to diagnose luteal phase defects (Daya). 
1989;161:1009-11 : 

_ Progesterone antagonist lilopristone: a potent abortifacient 
in the common marmoset (Puri et al). 1989;161:248-53 

Spontaneously resorbing ectopic pregnancy: preservation 
of human chorionic gonadotropin bioactivity despite de- 
clining steroid hormone levels (Sauer et al). 
1989; 161:1673-6 

Up-regulation of guinea pig myometrial adenylate cyclase 
activity by intrauterine estradiol and progesterone pellets 
(Hatjis and Koritnik). 1989;161:1073-8 

Prognosis : 

CA 125 as an independent prognostic factor for survival in 
patients with epithelial ovarian cancer (Sevelda et al). 
1989;161:1213-6 

Prognostic significance of steroid receptors measured in pri- 
mary metastatic and recurrent endometrial carcinoma 
(Borazjani et al). 1989;161:1253-7 

Prolactin 

Mechanisms that subserve estradiol’s induction of increased 
prolactin concentrations: evidence of amplitude modu- 
lation of spontaneous prolactin secretory bursts (Veldhuis 
et al). 1989;161:1149-58 

Prolactin levels in umbilical cord blood of human infants: 
relation to gestational age, maternal complications, and 
neonatal lung function (Parker et al). 1989; 161:795-802 

Proprioception 

Effects of low-frequency vibration on human term fetuses 

(Gagnon et al). 1989;161:1479-85 
Prospective studies 

Discordant twins—a prospective study of the diagnostic 
value of real-time ultrasonography combined with um- 
bilical artery velocimetry (Divon et al). 1989;161: 
757-60 

Primary stress urinary incontinence and pelvic relaxation: 
prospective randomized comparison of three different 
operations (Bergman et al). 1989;161:97-101 

Prostacyclin; see Prostaglandins 
Prostaglandins 

Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments 
of human placental villi (Nelson and Walsh). 
1989; 161:1593-8 

Decreased in vitro production of 6-keto-prostaglandin Fia 
by uterine arteries from postmenopausal women (Stein- 
leitner et al). 1989;161:1677-81 

Effect of acute intravascular volume expansion on human 
fetal prostaglandin concentrations (Weiner and Robil- 
lard). 1989;161:1494-7 
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< Prostaglandins—cont’d 

Effect of inhibiting prostaglandin synthesis in pregnant 
sheep with 4-aminoantipyrine under normothermic and 
hyperthermic conditions (Andrianakis et al). 
1989;161:241-7 l 

Effects of chronic fetal hyperinsulinemia on plasma ara- 
chidonic acid and prostaglandin concentrations (Stonés- 
treet et al). 1989;161:894-9 

Increased placental progesterone may cause decreased pla- 
cental prostacyclin production in preeclampsia (Walsh 
and Coulter). 1989;161:1586-92 

Transfer of prostaglandins to the fetus after prostaglandin 
Ey. vaginal pessary administration (MacKenzie et al). 
1989; 161:920-3 

Prostaglandins. E 

Infection and labor. IV. Cachectin— tumor necrosis factor in 
the amniotic fluid of women with intraamniotic infection 

- and preterm labor (Romero et al). 1989;161:336-41 

Prostaglandin E; metabolism in the human fetal membranes 
(Cheung and Challis). 1989;161: 1580-5 

Transfer of prostaglandins to the fetus after prostaglandin 
E vaginal. pessary administration (MacKenzie et al). 
1989; 161:920-3 

Prostaglandins F 

Decreased in vitro production of 6-keto- -prostaglandin Fia 
by uterine arteries from postmenopausal women (Stein- 
leitner et al). 1989;161:1677-81 

5- -Hydroxyeicosatetraenoic acid, leukotriene Ca and pros- 
taglandin F,, in amniotic fluid before and during term 
and preterm labor’ (Walsh). 19893161: 1352- 60 

Prostaglandins F, synthetic . 

First successful intrauterine pregnancy after treatment of 
tubal pregnancy with prostaglandin F,, (Egarter and Hus- 
slein). 1989;161:904 

Protein binding 

_Gomparison of in vivo bioavailability of progestational 
agénts into the rat uterus and liver and the effect of 
plasma protein binding (Van Voorhis et al). 
1989; 161: 1698-703 

Proto-oncogenes 

Immunocytochemical study of rds and myc proto-oncogene 
polypeptide expression in the human menstrual cycle 
_(Odom et al). 1989; 161:1663- 8 

Publications ` 

Criticism of publication of TE supported ře- 
search results draws response (Ledger) (Letter); (Brewer 
et al) (Reply). 1989;161:839-40 

Puerperal disorders : 

‘Thrombosis prophylaxis in pregnancy with use of subcu- 
tanedus heparin adjusted by monitoring heparin concen- 
tration in plasma (Dahlman et al). 1989;161:420-5 

Puerperal infection 

Antepartum infection as a result of. Srn pneumoniae 
and sepsis in neonate (Andreu et al). 1989; 161:1424-5 
(Letter) 

Methicillin-resistant staphylococcal mastitis (Kalstone). 
1989;161:120 

Short course of antibiotic therapy in treatment of post- 
partum endomyometritis (Mordles et al). 1989;161: 
568-72 ` 

Pulmonary artery 

Central hemodynamic assessment of normal term preg- 
nancy (Clark et al). 1989; 161:1439-42 

The central hemodynamics of severe preeclampsia (Mabie 
et al). 1989;161:1443-8 
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Pulmonary artery catheterization in severe eclampsia 
(Gibbs). 1989;161:1089 (Letter) 
Ultrasonographic guidance for central venous access during 
pregnancy (Lee et al). 1989;161:1012-3 
Pulmonary artery, abnormalities 
` Pulmonary artery agenesis (Verp). 1989;161; 1746-7 (Letter) 
Pulmonary hypoplasia; see ‘Lung, abnormalities 
Pulmonary surfactants 
Impact of antenatal dexamethasone administration on re- 
spiratory distress syndrome in surfactant-treated infants 
(Farrell et al). 1989;161:628-33 
Surfactant proteins.in the diagnosis of fetal lung maturity. 
II. The 35 kd protein and phospholipids in complicated 
pregnancy (Hallman et al). 1989;161:965-9 
Pulsatile flow 
Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 
1989;161:1528-31 | 
Umbilical artery flow velocity waveforms during acute hy- 
poxemia and the relationship with hemodynamic changes 
iri the fetal lamb (van Huisseling et al). 1989;161:1061-4 


Q 


Quality control . 
Understanding and eliminating errors in perinatal research 
(Block). 1989;161:5-9 (Clin. opinion) 


R 


Radioimmunoassay- 

The influence of human antimurine. antibody on CA 125 
levels in patients with ovarian cancer undergoing radio- 
immunotherapy ‘or, immunoscintigraphy with murine 
monoclonal antibody OC 125 (Muto et al). 1989;161: 
1206-12 

Radiology department, hospital 

Breast disease programs in obstetrics and gynecology: a plea 
for training in mammography (Gleicher). 1989; 161:267- 
70 (Clin. opinion) 

Random allocation . 

Delivery. .of fetuses 
1989;161:1089 (Letter) : 

Evaluating triphasic oral contraceptives: the rationale fora 
randomized trial (Grimes). 1989;161:1390-2 (Sympo- 
sium) | f 

Study design for the Triphasic Randomized Comparative 
Trial (Dickerson). 1989;161:1392-6 (Symposium) 

‘Triphasic Randomized Clinical, Trial: comparative fre- 
quency of intermenstrual bleeding (Drocgemneler et al). 

. 1989;161:1407-11 (Symposium) 

Triphasic Randomized Clinical Trial: comparison of effects 
on carbohydrate . metabolism (Bowes et al). 
.1989;161:1402-7 (Symposium) i ; 

ras genes 

Immunocytochemical study ‘of ras and mye proto- oncogene 
polypeptide expression in the human menstrual cycle 
(Odom et al). 1989;161:1663-8 

Receptors, adrenergic, beta, animal 

Pregnancy-inducéd changes in the i interaction of guinea pig 
myometrial §-adrenergic receptors with Liscproterenol 
(Hatjis and Grogan). 1989;161:1633-6 

Pulmonary B-adrenergic receptors and response do not ma- 
ture precociously in growth-retarded rabbit fetuses (Lee 

` étal). 1989;161:1044-9 

Treatment of oophorectomized guinea pigs with intrauter- 


with gastroschisis (Weiner). 


Volume 161 
Number 6, Part 1 


ine 17{-estradiol pellets may modulate myometrial B- 


adrenergic receptor binding properties (Hatjis et al). 
1989;161:1628-32 
Receptors, androgen, deficiency 
Seminoma in pubertal patient with androgen insensitivity 
syndrome (Hurt et al). 1969;161:530-1 
Receptors, epidermal growth factor-urogastrone 
Epidermal growth factor receptor expression in normal and 
malignant endometrium (Berchuck et al). 1989; 161:1247- 
52 
Receptors, estrogen 
Immunohistochemical expression of TAG-72 in normal and 
malignant endometrium: correlation of antigen expres- 
sion with estrogen receptor and progesterone receptor 
levels (Soisson et al). 1989;161:1258-63 


Peri-implantation phase endometrial estrogen and proges- , 


terone receptors: effect of ovulation induction with clo- 
miphene citrate (Hecht et al). 1989;161:1688-93 
Receptors, insulin 

Steroid biosynthesis in the Sertoli-Leydig cell tumor: effects 
of insulin and luteinizing hormone (Nagamani et al). 
1989; 161:1738-43 

Receptors, pituitary hormone 

Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ago- 
nists and antagonists (Ivanisevic et al). 1989;161:1637- 
43 

Receptors, progesterone : 

Immunohistochemical expression of TAG-72 in normal and 
malignant endometrium: correlation of antigen expres- 
sion with estrogen receptor and progesterone receptor 
levels (Soisson et al). 1989;161:1258-63 

Peri-implantation phase endometrial estrogen and proges- 
terone receptors: effect of ovulation induction with 
clomiphene citrate (Hecht et al). 1989;161:1688- 
93 

Receptors, sensory 

Effects of low-frequency vibration on human term fetuses 

(Gagnon et al). 1989; 161:1479-85 
Receptors, steroid 

Prognostic significance of steroid receptors measured in pri- 
mary metastatic and recurrent endometrial carcinoma 
(Borazjani et al). 1989;161:1253-7 

Regional medical programs 

Neonatal resuscitation in community hospitals: a regional- 
based, team-oriented training program coordinated by 
the tertiary center (Moore et al). 1989;161:849-55 (Clin. 
opinion) 

Registries 

Reproductive outcome after anesthesia and operation dur- 
ing pregnancy: registry study of 5405 cases (Mazze and 
Källén). 1989; 161:1178-85 

Relapsing polychondritis; see Polychondritis, relapsing 
Relaxin : 

The antagonistic effect of oxytocin and relaxin on rat uter- 
ine segment contractility (Goldsmith et al). 1989;161: 
1644-9 

Lack of evidence of a vasodepressor role for relaxin in spon- 
taneously hypertensive and normotensive pregnant rats 
(Ahokas et al). 1989;161:618-22 

Relaxin in paired samples of serum and milk from women 
after term and preterm delivery (Eddie et al). 
1989; 161:970-3 

Renal artery 
Duplex Doppler ultrasonographic evaluation of the fetal 
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renal artery in normal and abnormal fetuses (Veille and 
Kanaan). 1989;161:1502-7 

Renal artery flow-velocity waveforms in normal and hyp- 

oxemic fetuses (Vyas et al). 1989;161:168-72 
Renin-angiotensin system 

The renin-angiotensin system during pregnancy in chroni- 
cally instrumented, conscious rats (Conrad et al). 
1989;161:1065-72 

Repeat cesarean section; see Cesarean section 
Reproduction 

Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 

Vitamin D (soltricl), light, and reproduction (Stumpf and 
Denny). 1989;161:1375-84 (Curr. dev.) 

Research design 

Delivery of fetuses 
1989; 161:1089 (Letter) 

Estrogen replacement therapy: what the future holds (Ham- 
mond). 1989;161:1864-8 (Symposium) 

Evaluating triphasic oral contraceptives: the rationale for a 
randomized trial (Grimes). 1989;161:1390-2 (Sympo- 
sium) 

Intrauterine growth retardation: standards for diagnosis 
(Goldenberg et al). 1989; 161:271-7 (Clin. opinion) 

Study design for the Triphasic Randomized Comparative 
Trial (Dickerson). 1989;161;1392-6 (Symposium) 

Triphasic Randomized Clinical Trial: comparative fre- 
quency of intermenstrual bleeding (Droegemueller et al). 
1989;161:1407-11 (Symposium) 

Triphasic Randomized Clinical Trial: comparison of effects 
on carbohydrate metabolism (Bowes et al). 19893161: 
1402-7 (Symposium) 

Understanding and eliminating errors in perinatal research 
(Block). 1989; 161:5-9 (Clin. opinion) 

Research support 

Criticism of publication of pharmaceutical-supported re- 
search results draws response (Ledger) (Letter); (Brewer 
et al) (Reply). 1989; 161:839-40 i 

Respiratory acidosis , 

Continuous tissue pH monitoring in the term fetus (Small 

et al). 1989;161:323-9 
Respiratory distress syndrome 

Impact of antenatal dexamethasone administration on re- 
spiratory distress syndrome in surfactant-treated infants 
(Farrell et al). 1989; 161:628-33 

Prolactin levels in umbilical cord blood of human infants: 
relation to gestational age, maternal complications, and 
neonatal lung function (Parker et al). 1989;161:795- 
802 

Surfactant proteins in the diagnosis of fetal lung maturity. 
Il. The 35 kd protein and phospholipids in complicated 
pregnancy (Hallman et al). 1989;161:965-9 , 

Uselessness of the phosphatidylglycerol assay for prediction 
of lung maturity (Egberts and Wijnands) (Letter); (Fadel) 
(Reply). 1989;161:1417-8 

Respiratory insufficiency . 

Relapsing polychondritis in pregnancy: a case report and 

review (Gimovsky and Nishiyama). 1989;161:332-4 
Resuscitation 

Does terbutaline cause uterine atony and increase intra- 
operative blood loss? (Brown) (Letter); (Patriarco) (Reply). 
1989;161:259 

Neonatal resuscitation in community hospitals: a regional- 
based, team-oriented training program coordinated by 


with ` gastroschisis (Weiner). 
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Resuscitation—cont’d 


the tertiary center (Moore et al). 1989;161:849-55 (Clin. l 


opinion) 
Retrospective studies 

The cancer question: an overview of recent epidemiologic 
and retrospective data (Henderson). 1989;161:1859-64 
(Symposium) 

Rh isoimmunization 

Does midtrimester AOD of amniotic fluid reflect severity 
of Rh disease? (Ananth and Queenan). 1989;161:47-9 

The effect of intravascular transfusion on umbilical venous 
pressure in anemic fetuses with and without hydrops (Wei- 
ner et al). 1989;161:1498-501 : 

Fetal cardiac output in the isoimmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 

Fetal heart rate patterns in red blood cell isoimmunized 
pregnancies (Nicolaides et al).'1989;161:351-6 

Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989; 161:42-6 

Frequency and timing of intravascular intrauterine trans- 
fusions reconsidered (Voto and Margulies) (Letter); (Socol 
et al) (Reply). 1989; 161:255-6 ` 

Isoimmunization to Cromer antigen in pregnancy (Sacks 
and Garratty). 1989;161:928-9 

Maternal-fetal glucose gradient in normal pregnancies and 
in pregnancies complicated by alloimmunization and 
fetal growth retardation (Nicolini et al). 1989;161: 
924-7 

Prediction of hematocrit decline after intravascular fetal 
transfusion (MacGregor et al). 1989;161:1491-3 l 

Pulsed Doppler flow-velocity waveforms in the prediction of 
fetal hematocrit of the severely isoimmunized pregnancy 
(Copel et al). 1989;161:341-4 

Two hundred intrauterine exchange transfusions in severe 
blood incompatibilities (Poissonnier et al). 1989;161:709- 
13 

Risk factors i . 

A case-control study of epithelial ovarian cancer (Hartge et 
al). 1989;161:10-6 (Clin. opinion) 

Maternal mortality in North Carolina: a forty-year experi- 
ence (May and Greiss). 1989;161:555-61 

Neonatal mortality in normal birth weight babies: Does the 
level of hospital care make a difference? (Berg et al). 
1989; 161:86-91 

“Possibly” de novo translocations: prenatal risk counseling 
(Wassman et al). 1989;161:698-702 

Risk factors for intraamniotic infection: a prospective epi- 
demiologic study (Soper et al). 1989;161:562-8 

Risk factors for vulvar lichen sclerosus (Sideri et al). 
1989;161:38-42 2 

Vaginal birth after cesarean section: a reappraisal of risk 
(Yetman and Nolan). 1989;161:1119-23 

Risk taking 

Basic reference gambles recommended for utility assess- 
ment (Thornton and Lilford) (Letter); (Silver and Mino- 
gue) (Reply). 1989; 161:256-7 

Ritodrine 
. Cardiac isoenzymes and electrocardiographic changes dur- 
ing ritodrine tocolysis (Hadi and Albazzaz). 1989; 161:318- 
21 

Cardiovascular and metabolic effects associated with nifed- 
ipine and ritodrine tocolysis (Ferguson et al). 
1989;161:788-95 i 
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Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion) 

Number clarification requested (Hatjis) (Letter); (Wilkins 
and Lynch) (Reply). 1989;161:1746 

Pharmacokinetics of orally administered ritodrine (Caritis et 
al). 1989;161:32-5 

Ruptured membranes; see Fetal membranes, premature rup- 
ture 


Saline solution, hypertonic 
Saline solution amnioinfusion for oligohydramnios after 
premature rupture of the membranes (Imanaka et al). 
1989;161:102-6 
Salpingitis 
High hepatitis B carrier rate among non-Oriental patients 
with acute salpingitis (Smith et al). 1989;161:879-80 
Sarcoma’ 
Sarcoma associated wtih pregnancy (Kyodo et al). 
1989; 161:94-6 
Scalp 
Continuous tissue pH monitoring in the term fetus (Small 
et al). 1989; 161:323-9 
Secretary protein PP14; sce Pregnancy proteins 
Seizures 
Antenatal ultrasonographic diagnosis of fetal seizure activity 
(Landy et al). 1989;161:308 ; 
Neonatal seizures and cesarean section (Boylan) (Letter); 
(Spellacy) (Reply). 1989;161:836-7 
Oxytocin may explain neonatal seizures (Goodlin). 
1989; 161:259 (Letter) 
Semantics; see also Nomenclature 
Semantic changes suggested in hypertensive disorders 
(Reamy) (Letter); (Davey and MacGillivray) (Reply). 
1989; 161:1422-3 
Semen, analysis 
Semen predictors of in vitro fertilization and embryo cleav- 
age (Daya et al). 1989;161:1284-9 
Seminoma; see Dysgerminoma 
Sensitivity and specificity (epidemiology) 
Specifics of specificity and sensitivity (Kadar) (Letter); (Ko- 
lins) (Reply). 1989;161:1416-7 
Sensory receptors; see Receptors, sensory 
Serotonin 
Effect of nutrient intake on premenstrual depression (Wurt- 
man et al). 1989;161:1228-34 
Sertoli cell tutnor 
Steroid biosynthesis in the Sertoli-Leydig cell tumor: effects 
of insulin and luteinizing hormone (Nagamani et al). 
- 1989;161:1738-43 
Sertoli cells 
Molecular scanning of Yq11 (interval 6) in men with Sertoli- 
cell-only syndrome (Johnson et al). 1989;161:1732-7 
Sex determination l 
Rapid determination of fetal sex by deoxyribonucleic acid 
amplification of Y chromosome-—specific sequences 
(Pinckert et al). 1989;161:693-8 | 
Sex hormones 
Spontaneously resorbing ectopic pregnancy: preservation of 
human chorionic gonadotropin bioactivity despite declin- 
ing steroid hormone levels (Sauer et al). 1989; 161:1673-6 
Treatment of oophorectomized guinea pigs with intrauter- 
ine 178-estradiol pellets may modulate myometrial B- 
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adrenergic receptor binding properties (Hatjis et al). 
1989; 161:1628-32 
Up-regulation of guinea pig myometrial adenylate cyclase 
activity by intrauterine estradiol and progesterone pellets 
(Hatjis and Koritnik). 1989; 161:1073-8 
Sex steroids, biosynthesis 
Steroid biosynthesis in the Sertoli-Leydig cell tumor: effects 
of insulin and luteinizing hormone (Nagamani et al). 
1989;161:1738-43 
Sexual abuse, child; sez Child abuse, sexual 
Sexually transmitted diseases 


High hepatitis B carrier rate among non-Oriental patients 


with acute salpingitis (Smith et al). 1989;161:879-80 
Sickle cell anemia; see Anemia, sickle cell - 
Skeleton 
Monitoring skeletal response to estrogen (Mazess et al). 
1989; 161:843-8 (Clin opinion) 
Skull, growth 


In utero diagnosis of benign fetal macrocephaly (DeRosa et _ 


al). 1989; 161:690-2 
Small for gestational age; sce Infant, small for gestational age 
Smoking 
Effects of smoking and oral contraception on plasma f-car- 
-otene lévels in healthy women (Palan et al). 1989;161:881- 
5 
Social change 
The challenge of change revisited (Greiss). 1989;161:505-9 
(Pres. address) 
Social conditions 
Perinatal death as a result of social factors (Fribourg) (Let- 
ter); (Delke and Minkoff) (Reply). 1989;161:1748 
Society for Gynecologic Investigation E 
Papers of the Society for Gynecologic Investigation. 
1989;161:1439-743 
Society of Perinatal Obstetricians 
Transactions of the ninth annual meeting of the Society of 
Perinatal Obstetricians. 1989; 161:593-833 
Sodium, dietary 
Atrial natriuretic factor: the effects df pregnancy and a 
high-salt diet on atrial levels (Castro et al). 1989; 161: 
1620-3 
South Atlantic Association of Obstetricians and i 
gists 
Transactions of the fty-first annual meeting of the South 
Atlantic Association of Obstetricians and Gynecologists: 
1989;161:505-92 
Spectroscopy, magnetic resonance: see Nuclear magnetic res- 
onance 
Spectrum analysis i 
Power spectrum analysis of myometrial electromyogram arid 
intrauterine pressure changes in the pregnant rhesus 
monkey in late gestation (Hsu et al). 1989;161 :467- 73 
Sperm agglutination 
Dosage and duration differences lead to diverse conclusions 
(Shulman) (Letter); (Hammond) (Reply). 1989; 161:1744- 
6 a . 
Sperm-ovum interactions 
Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization (Mori et al). 
1989; 161:207-11 
Spermatogenesis 
Molecular scanning of Yq11 (interval 6) in men with Sertoli- 
cell-only syndrome (Johnson et al). 1989; 161:1732-7 
Spermatozoa 
Relationship between araling antisperm antibodies in 
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women and autoantibodies on the ejaculated sperm of 
their partners (Witkin and Chaudhry). 1989;161:900-3 

Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization (Mori et al). 
1989; 161:207-11 f 

Sperm antibodies and infertility (Shulman) {Letter}; (Wit- 
kin) (Reply). 1989;161:497-9 - 

Stains and staining 

Comparison of predelivery versus postdelivery Kléihauer— 
Betke, stains in cases of fetal death (Owen et al). 
. 1989; 161:663-6 

Staphylococcus aureus 
- Methicillin-resistant staphylococcal mastitis (Kalstone). 
1989;161:120 
Starvation 
Cordocentesis in the diagnosis of intrauterine starvation 
; (Economides et al). 1989; 161:1004-8 
Statistics 

Understanding and eliminating errors in perinatal research 

(Block). 1989;161:5-9 (Clin. opinion) 
Steroids, biosynthesis 

Effects of systemic administration of indomethacin on ovu- 
lation, luteinization, and steroidogenesis in the rabbit 
ovary (Katz et al). 1989;161:1361-6 

Stillbirth; see Fétal death 
Streptococcus pneumoniae 

Antepartum infection as a result of Streptococcus pneumoniae 
and sepsis in neonate (Andreu et al). 1989;161:1424-5 
(Letter) 

Stress urinary incontinence; see Urinary incontinence, stress 
Sudden infant death l 

Perinatal death as a result of socia? factors (F ribourg) (Let- 

ter); (Délke aiid Minkoff ) (Reply). 1989;161:1748 
Suicide, attempted 

Atteitipted suicide. and pregnancy (Czeizel and Lendvay). 
1989; 161:497 (Letter) 

Suppressor cells; see also IMmunosuppression 

Immunoregulatory activity in supernatants from cultures of 

_ normal human trophoblast cells of the first trimester (San- 
-yal et‘al). 1989;161:446-53 

Surfactants; sce. Pulmonary surfactants 
Surgery, operative. 

Primary stress urinary incontinence ind pelvic relaxation: 
prospective randomized coniparison of three different 
operations (Bergman et al). 1989;161:97-101 

Surgical flaps 

A new surgical technique to treat refractory labial fusion in 

-the elderly (Johnson et al). 1989;161:289-90 
Surgical staplers 

Evaluation of surgical staples in cesarean section (Burkett et 

al). 1989;161:540-7 
Swallowing; see Deglutition 
Swan-Ganz catheter; sce Catheterization, Swan-Ganz 
Sympathomimetics 

Effects of terbutaline sulfate on fetal cardiac function (Pe- 
tersen et al). 1989;161:509-12 

Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989; 161:1-9 (Clin. opinion) 


T 
Tachycardia ` 
Preterm and term fetal cardiac and movement responses to 


vibratory acoustic stimulation. (Thomas et al). 
1989;161:141-5 
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TAG-72; see Antigens, neoplasm 
Terbutaline 
Does terbutaline cause uterine atony and increase intra- 
operative blood loss? (Brown) ) (Letter); (Patriarco) (Reply). 
1989;161:259 
Effects of terbutaline sulfate-on fetal cardiac fotietidn (Pe- 
tersen et al). 1989;161:509-12 
Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
_ 1989;161:1-9 (Clin. opinion) 
Testicular feminization 
Seminoma in pubertal patient with androgen insensitivity 
syndrome (Hurt et al). 1989;161:530-1 
Tetramethylpyrazine 
In vitro uterine response to PE E the active 
constituent of Chung Chong (a traditional Chinese medi- 
cine) (Tuttle et al). 1989;161:1319-23 
Thalassemia 
Detection of fetal blood (Leiberman et al) (Letter); (Card- 
well) (Reply). 1989; 161:257-8 
Theca cells 
Pattern of human chorionic gonadotropin binding in the 
_ polycystic ovary (Brawer et al). 1989;161:474-80 
Thermodilation 
Measurement of cardiac output | in pregnancy by thoracic 
electrical bioimpedance and thermodilution (Masaki et al). 
1989; 161:680-4 
Third trimester, pregnancy; see Pregnancy trimester, third 
Thoracic duct, animal 
Effect of whole-body pH changes on thoracic duct lymph 
flow in anesthetized sheep (Valenzuela et al). 
1989; 161:1566-70 
Thoracic electrical bioimpedance; see Cardiography, imped- 
ance 
Thrombocytopenia 
Elevated liver enzymes and thrombocytopenia i in the third 
trimester of pregnancy: ‘an‘unusual case.report and a re- 
view of the literature (Hannah et al). 1989; 161:322-3 
Thrombocytopenia and cordocentesis clarifications re- 
quested (Weiner), 1989;161:1091-2 (Letter) 
Thromboembolism ` 
Thrombosis prophylaxis in pregnancy with, use of subcuta- 
neous heparin adjusted by monitoring heparin concentra- 
` tion in plasma (Dahlman et al). 1989; 161:420-5 
Thromboxane synthetase, antagonists 
Effects of thromboxane synthetase inhibition on maternal- 
fetal homeostasis in gravid ewes with ovine pregnancy- 
induced hypertension (Keith et al). 1989; 161:1305-13 
Thromboxanes 
Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments 
of human placental villi (Nelson and Walsh). 
1989; 161:1593-8 
Increased placental progesterone may cause-decreased pla- 
cental prostacyclin production in preeclampsia (Walsh and 
. Coulter). 1989;161:1586-92 
Tissue culture 
Human uterus-derived growth substances for rat bone cells 
and fibroblasts (Koutsilieris). 1989;161:1313-7 
Tissue pH; see Hydrogen-ion concentration 
Tobramycin 
Short course of antibiotic therapy in treatment of postpar- 
tum endomyometritis (Morales et al). 1989;161:568-72 
Tocolysis 
Cardiac isoenzymes and electrocardiographic changes dur- 
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ing ritodrine tocolysis (Hadi and Albazzaz). 1989;161:318- 
21 

Cardiovascular and metabolic effects associated with nifed- 
ipine and ritodrine tocolysis (Ferguson et al). 
1989; 161:788-95 

Controlled trial of hydration and bed rest versus bed rest 
alone in the evaluation of preterm uterine contractions 
(Pircon et al). 1989;161:775-9- 

The effect of magnesium sulfate tocolysis on the fetal bio- 
physical profile (Peaceman et al). 1989;161:771-4 

Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy. for tocolysis (Katz and Seeds). 
1989; 161:1-9 (Clin. opinion) « 

Impact of residual amniotic fluid volume in patients receiv- 
ing parenteral tocolysis after premature rupture of the 
membranes (Silver et al). 1989;161:784-7 

Nifedipine pharmacokinetics during preterm labor tocolysis 
(Ferguson et al). 1989;161:1485-90 

Pharmacokinetics of orally administered ritodrine (Caritis et 
al). 1989; 161:32-5 : 

Uncoupling of excitation from contraction in uterine 
smooth _muscle in near-term ewes (Reid et al). 
1989; 161:229-33 

Tocolytic agents 

Fetal and neonatal cardiovascular complications from B- 
sympathomimetic therapy for tocolysis (Katz and Seeds). 
1989;161:1-9 (Clin. opinion) 

Neuromuscular blockade with magnesium sulfate and ni- 
fedipine (Snyder and Cardwell). 1989;161:35-6 

Number clarification requested (Hatjis) (Letter); (Wilkins 
and Lynch) (Reply). 1989;161:1746 

Pharmacokinetics of orally administered ritodrine (Caritis et 
al). 1989;161:32-5 

Transactions 

Transactions of the fifty-first annual meeting of the South 
Atlantic Association of Obstetricians and Gynecologists. 
1989; 161:505-92 ; 

Transactions of the ninth annual meeting of the Society of 
Perinatal Obstetricians. 1989;161:593-833 

Translocation : 

“Possibly” de novo translocations: prenatal risk counseling 

(Wassman et al). 1989;161:698-702 
Transposition of great vessels í 

Anesthetic management of labor in a patient with dextro- 
cardia, congenitally corrected transposition, Wolff-Par- 
kinson-White syndrome, and congestive heart failure 
(Sellers et al). 1989;161:1001-3 

Treadmill test; see Exercise test 
Trial of labor f } 

Basic reference gambles recommended for utility assess- 
ment (Thornton and Lilford) (Letter); (Silver and Mino- 
gue) (Reply). 1989;161:256-7 

Breech presentation after cesarean section: always a section 
(Ophir et al). 1989;161:25-8 f 

Vaginal birth after cesarean delivery in the twin gestation 
(Strong et al). 1989;161:29-32 

Tricuspid valve 

Human fetal tricuspid and mitral deceleration time: changes 
with normal pregnancy and intrauterine growth retarda- 
tion (Reed et.al). 1989;161:1532-5 

Triplets : 

The improving outcome of triplet pregnancies (Lipitz et al). 
1989; 161:1279-84 

Outpatient triplet management: a contemporary review 
(Newman et al). 1989;161:547-5 
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Trisomy 
Enlarged cisterna magna in trisomy 18: prenatal ultrason- 
ographic diagnosis (Thurmond et al). 1989;161:83-5 
Trisomy 21; see Down’s syndrome 
Trophoblast 
Aspirin differentially affects thromboxane and prostacyclin 
production by trophoblast and villous core compartments 
of human placental villi (Nelson and Walsh). 
1989; 161:1593-8 
Immunoregulatory activity in supernatants from cultures of 
normal human trophoblast cells of the first trimester (San- 
yal et al). 1989;161:446-53 
Trophoblastic tumor 
Differences between white and Chinese populations in hu- 
man leukocyte antigen sharing and gestational tropho- 
blastic tumors (Ho et al), 1989;161:942-8 
Gestational trophoblastic disease: a case-control study from 
the People’s Republic of China (Brinton et al). 
1989;161:121-7 l 
Gestational trophoblastic disease and use of oral contracep- 
tives (Rosenberg et al). 1989;161:1087-8 (Letter) 
Tubal pregnancy; see Pregnancy, tubal 
Tumor antigens; see Antigens, neoplasm 
Tumor cells, cultured 
A monoclonal antibody (MSN-1) against a newly established 
uterine endometrial cancer cell line (SNG-II) and its ap- 
plication to immunohistochemistry and flow cytometry 
(Nozawa et al). 1939; 161:1079-86 
Tumor necrosis factor 
Infection and labor. IV. Gachectin—tumor necrosis factor in 
the amniotic fluid of women with intraamniotic infection 
and preterm labor (Romero et al). 1989; 161:336-41 
Release of tumor necrosis factor-« by human peritoneal 
macrophages in vivo and in vitro (Halme). 1989; 161:1718- 


Tumors; see Neoplasms 
Twins 

Discordant twins—a prospective study of the diagnostic 
value of real-time ultrasonography combined with 
umbilical artery velocimetry (Divon et al). 19895161: 
757-60 

Hemodynamic changes during twin pregnancy: a Doppler 
and M-mode echocardiographic study (Robson et al). 
1989; 161:1273-8 

Individual growth curve standards in twins: prediction of 
third-trimester growth and birth characteristics (Stefos et 
al). 1989;161:179-83 

Management of the nonvertex second twin: primary cesar- 
ean section, external version, or primary breech extraction 
(Gocke et al). 1989;161:111-4 

Perinatal outcome in very preterm births with twin-twin 
transfusion syndrome (Shan and Chaffin). 
1989;161:1111-3 

Prolongation of pregnancy and survival of twin B after loss 
of twin A at 21 weeks’ gestation (Feichtinger et al). 
1989; 161:891-3 

Successful twin pregnancy after embryo donation to a pa- 
tient with XY gonadal dysgenesis (Sauer et al). 
1989; 161:380-1 j 

Twin-to-twin transfusion syndrome: What are appropriate 
diagnostic criteria? (Danskin and Neilson). 1989;161:365- 
9 

Ultrasonographic criteria for the prenatal diagnosis of pla- 
cental chorionicity in twin gestations (Winn et al). 
1989;161:1540-2 
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Twins, dizygotic 
Twin pregnancy in premature ovarian failure after estrogen 
treatment: a case report (Tang and Sawers). 
1989;161:172-3 


U 


Ultrasonic diagnosis 

Antenatal ultrasonographic diagnosis of fetal seizure activity 
(Landy et al). 19839;161:308 : 

Birth weight prediction from remote ultrasonographic ex- 
amination (Spinnato et al). 1989;161:742-7 

Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow (Divon et al). 
1989;161:1523-7 

Comparison of six different ultrasonographic methods for 
predicting lethal fetal pulmonary hypoplasia (Vintzileos et 
al). 1989;161:606-12 

Concurrence of mouthing movement and rapid eye move- 
ment/non-rapid eye movement phases with advance in 
gestation of the human fetus (Horimoto et al). 
1989; 161:344-5] 

Dandy-Walker syndrome: a review of fifteen cases evaluated 
by prenatal sonography (Russ et al). 1989;161:401-6 

Dating the early pregnancy by sequential appearance of em- 
bryonic structures (Warren et al). 1989;161:747-53 

Discordant twins—a prospective study of the diagnostic 
value of real-time ultrasonography combined with 
umbilical artery velocimetry (Divon et al). 19893161: 
757-60 

Doppler assessment of the fetal and uteroplacental circula- 
tion during nifedipine therapy for preterm labor (Mari et 
al). 1989;161:1514-8 

Doppler assessment of the pulsatility index of the middle 
cerebral artery during constriction of the fetal ductus ar- 
teriosus after indomethacin therapy (Mari et al). 
1989;161:1528-31 

Duplex Doppler ultrasonographic evaluation of the fetal re- 
nal artery in normal and abnormal fetuses (Veille and Ka- 
naan). 1989;161:1502-7 

Effect of placental embolization on the umbilical arterial ve- 
locity waveform in fetal sheep (Morrow et al). 
1989; 161:1055-60 

The efficacy of fetal sonographic biometry in Down syn- 
drome screening (Peters et al). 1989;161:297-300 

Empty bladder recommended in initial ultrasonographic ex- 
aminations (Stephens). 1989;161:1088-9 (Letter) 

Enlarged cisterna magna in trisomy 18: prenatal ultrason- 
ographic diagnosis (Thurmond et al). 1989;161:83-5 

Estimating gestational age in the term pregnancy with a 
model based on multiple indices of fetal maturity (Gold- 
stein et al). 1989;161:1235-8 

Evaluation of pulsed Doppler echocardiography for mea- 
surement of aortic blood flow in the fetal lamb (Veille et 
al). 1989; 161:1610-4 

Fetal cardiac output in the isoimmunized pregnancy: a 
pulsed Doppler-echocardiographic study of patients un- 
dergoing intravascular intrauterine transfusion (Copel et 
al). 1989;161:361-5 

Fetal liver length in normal and isoimmunized pregnancies 
(Roberts et al). 1989;161:42-6 

Fetal radius length: a critical evaluation of race as-a fac- 
tor in gestational age assessment (Hill et ali. 19895161: 
193-9 

First-trimester and early second-trimester diagnosis of nu- 
chal cystic hygroma by transvaginal sonography: diverse 
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Ultrasonic diagnosis—cont’d 
prognosis of the septated from the nonseptated lesion 
(Bronshtein et al). 1989;161:78-82 

First-trimester midgut herniation: a high-frequency trans- 
vaginal sonographic study (Timor-Tritsch et al). 
1989; 161:831-3 ; 

Hemodynamic changes during twin pregnancy: a Doppler 
and M-mode echocardiographic study (Robson et al). 
1989;161:1273-8 

` Human fetal tricuspid and mitral deceleration time: changes 
with narmal pregnancy and intrauterine growth retarda- 
tion (Reed et al). 1989;161:1532-5 

The importance of ultrasonography in infertile women with 
“forgotten” intrauterine contraceptive devices (Ron-E] et 
al). 1989; 161:211-2 

Intrapartum Doppler velocimetry, amniotic fluid volume, 
and fetal heart rate as predictors of subsequent fetal 
distress. I. An initial report (Sarno et al). 1989;161: 
1508-14 

A longitudinal study of the relationship between placental 
and fetal growth as measured by ultrasonography (Wolf 
et al). 1989;161:1140-5 

Longitudinal ultrasonographic study of the ovarian sup- 
pressive activity of a low-dose triphasic oral contraceptive 
during correct and incorrect pill intake (Hamilton and 
Hoogland). 1989; 161:1159-62 l 

Macrosomia in the postdate pregnancy: Is routine ultrason- 
ographic screening indicated? (Chervenak et al). 
1989;161:753-6 

Maternal and fetal blood flow velocity waveforms in patients 
with preterm labor: relationship to outcome (Brar et al). 
1989;161:1519-22 

Measurement of fetal urine production in normal preg- 
nancy by real-time ultrasonography (Rabinowitz et al). 
1989; 161:1264-6 

Missed abortion: Still appropriate terminology? (Pridjian 
and Moawad). 1989; 161:261-2 (Clin. opinion) 

Prenatal informed consent for sonogram: an indication for 
obstetric ultrasonography (Chervenak et al). 
1989; 161:857-60 (Clin. opinion) 

Pulsed Doppler flow-velocity waveforms in the prediction of 
fetal hematocrit of the severely isoimmunized pregnancy 
(Copel et al). 1989;161:341-4 

Race and gender factors omitted from results (Ansbacher) 
(Letter); (Goldstein) (Reply). 1989;161:502-3 

The role of ultrasonography and amniocentesis in the eval- 


uation of pregnancies at risk for neural tube defects ~ 


(Hogge et al). 1989;161:520-4 

Screening with Doppler velocimetry in labor (Feinkind et 
al). 1989;161:765-70 l 

Systolic/ diastolic ratios and waveform shapes (Bewley) (Let- 
ter); (Schulman) (Reply). 1989;161:1420-1 

Techniques differ in use of Doppler ultrasonography (East- 
erling and Benedetti) (Letter); (Lee and Rokey) (Reply). 
1989; 161:1748-50 

Transvaginal ultrasonography in patients at risk for ectopic 
pregnancy (Stiller et al). 1989;161:930-3 

Twin-to-twin transfusion syndrome: What are appropriate 
diagnostic criteria? (Danskin and Neilson). 1989;161:365- 
9 

Ultrasonographic criteria for the prenatal diagnosis of pla- 
cental chorionicity in twin gestations (Winn et al). 
1989; 161:1540-2 

Ultrasonographic guidance for ceritral venous access during 
pregnancy (Lee et al). 1989;161:1012-3 
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Ultrasonographic measurement. of fetal femur length in 
growth disturbances (Abramowicz et al). 1989; 161:1137- 
40 


Umbilical artery flow velocity waveforms during acute hy- . 


poxemia and the relationship with hemodynamic changes 
in the fetal lamb (van Huisseling et al). 1989;161:1061-4 

The use of color Doppler imaging for prenatal diagnosis of 
umbilical cord anomalies: report of three cases (Jauniaux 
et al). 1989;161:1195-7 : 

The use of an indwelling Doppler probe to study acute 
changes in umbilical artery waveforms in the fetal sheep 
(Abitbol et al). 1989;161:1324-31 

The use of transvaginal ultrasonography in the diagnosis of 
ectopic pregnancy (Timor-Tritsch et al). 1989;161:157-61 

Vaginosonographic examination Routine procedure? 
(Furness) (Letter); (Bernaschek and Rudelstorfer) (Re- 
ply). 1989;161:499 

Umbilical arteries : 

Clinical management of the fetus with markedly diminished 
umbilical artery end-diastolic flow (Divon et al). 
1989; 161:1523-7 

Discordant twins a prospective study of the diagnostic 
value of real-time ultrasonography combined with umbil- 
ical artery velocimetry (Divon et al). 1989;161:757-60 

Doppler umbilical artery waveform indices normal values 
from fourteen to forty-two weeks (Hendricks et al). 
1989;161:761-5. 

Doppler velocimetry and placental disease (Bracero et al). 
1989; 161:388-93 

Perinatal factors influencing atrial natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). 1989;161:623-7 

Perinatal factors influencing atrial natriuretic peptide levels 
in umbilical arterial plasma at the time of delivery (Castro 
et al). (1989; 161:623-7). 1989;161:1238 (Correction) 

Umbilical arteries, animal 

Effect of placental embolization on the umbilical arterial ve- 
locity waveform in fetal sheep (Morrow et al. 
1989; 161:1055-60 

Umbilical artery flow velocity waveforms during acute hy- 
poxemia and the relationship with hemodynamic 
changes in the fetal lamb (van Huisseling ec al). 1989; 
161:1061-4 

The use of an indwelling Doppler probe to study acute 
changes in umbilical artery waveforms in the fetal sheep 
(Abitbol et al). 1989;161:1324-31 ` 

Umbilical cord 

Abscess of allantoic duct remnant (Baill et al). 1989; 161:334- 
6 

Continuous fetal monitoring with a pulse oximeter: a case 
of cord compression (Johnson and Johnson). 
1989; 161:1295-6 

Umbilical cord, abnormalities 

The use of color Doppler imaging for prenatal diagnosis of 
umbilical cord anomalies: report of three cases (Jauniaux 
et al). 1989;161:1195-7 

Umbilical cord blood; see Fetal blood 
Umbilical veins 

The effect of intravascular transfusion on umbilical venous 
pressure in anemic fetuses with and without hydrops (Wei- 
ner et al). 1989;161:1498-501 

Removing a retained placenta by oxytocin a controlled 
study (Wilken-Jensen et al). 1989;161:155-6 

Uncoupling agents 
Uncoupling of éxcitation from contraction in uterine 
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smooth muscle in near-term ewes (Reid et al). 
1989; 161:229-33 
Urinary incontinence, stress 

Primary stress urinary incontinence and pelvic relaxation: 
prospective randomized comparison of three different 
operations (Bergman et al). 1989;161:97-101 

Urine, animal . 

Fetal blood volume, urine flow, swallowing, and amniotic 
fluid volume responses to long-term intravascular infu- 
sions of saline (Brace). 1989;161:1049-54 

Urodynamics 

Primary stress urinary incontinence and pelvic relaxation: 
prospective randomized comparison of three different 
operations (Bergman et al). 1989;161:97-101 

Uterine contraction 
, The antagonistic effect of oxytocin and relaxin on rat uter- 
ine segment contractility (Goldsmith et al). 1989;161: 
1644-9 

Controlled trial of hydration and bed rest versus bed rest 
alone in the evaluation of preterm uterine contractions 
(Pircon et al). 1989;161:775-9 

Maternal hemodynamic effects of uterine contractions by M- 
mode and pulsed-Doppler echocardiography (Lee et al). 
1989;161:974-7 

Results of uterine activity studies in agreement, but methods 
differ (Török and Gáti) (Letter); (Nageotte) (Reply). 
1989; 161:1753-4 

Uncoupling of excitation from contraction in uterine 
smooth muscle in near-term ewes (Reid et al). 
1989; 161:229-33 

Uterine neoplasms 

Anal submucosal injection: a new route for drug adminis- 
tration in pelvic malignancies. IV. Submucosal anal injec- 
tion in the treatment of cancer of uterine cervix— prelim- 
inary study (Shafik). 1989;161:69-72 

A clinical-pathologic study of mixed mtillerian tumors of the 
uterus over a 16-year period The Medical College of 
Georgia experience (Gallup et al). 1989; 161:533-9 

Decreased B-carotene tissue levels in uterine leiomyomas 
and cancers of reproductive and nonreproductive organs 
(Palan et al). 1989;161:1649-52 

Epidermal growth factor receptor expression in normal and 
malignant endometrium (Berchuck et al), 1989; 161:1247- 
52 

Flow cytometry of normal, hyperplastic, and malignant 
human endometrium (Thornton et al), 1989;161:487- 
92 

Immunohistochemical expression of TAG-72 in normal and 
malignant endometrium: correlation of antigen expres- 
sion with estrogen receptor and progesterone receptor 
levels (Soisson et al). 1989;161:1258-63 


s 


A monoclonal antibody (MSN-1) against a newly established ` 


uterine endometrial cancer cell line (SNG-II) and its ap- 


plication to immunohistochemistry and flow cytometry 


(Nozawa et al). 1989;161:1079-86 

Phase II trial of ifosfamide and mesna in mixed mesodermal 
tumors of the uterus (A Gynecologic Oncology Group 
Study) (Sutton et al). 1989;161:309-12 ‘ 

Prognostic significance of steroid receptors measured in pri- 
mary metastatic and recurrent endometrial carcinoma 
(Borazjani et al). 1989;161:1253-7 

Uterine perforation 

The frequency and management of uterine perforations 
during first-trimester abortions (Kaali et al. 
1989; 161:406-8 
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Uterine rupture 
Placenta percreta induced uterine rupture and resulted in 
intraabdominal abortion (Nagy). 1989;161:1185-6 
Uterine rupture: Are intrauterine pressure catheters useful 
in the diagnosis? (Rodriguez et al). 1989;161:666-9 
Uterus 
Uterine development and endocrine relationships after. 
menarche (Porcu et al). 1989;161:174-7 
Uterus, animal 
Comparison of in vivo bioavailability of progestational 
agents into the rat uterus and liver and the effect of 
plasma protein binding (Van Voorhis et al). 1989;161: 
1698-703 
Effect of pregnancy on uterine and carotid artery response 
to norepinephrine, epinephrine, and phenylephrine in 
vessels with documented functional endothelium (Weiner 
et al). 1989;161:1605-10 
In vitro release of endothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig preg- 
nancy (Weiner et al). 1989;161:1599-605 
Power spectrum analysis of myometrial electromyogram 
and intrauterine pressure changes in the pregnant 
rhesus monkey in late gestation (Hsu et al). 1989;161: 
467-73 i 
Uterus, blood supply 
Decreased in vitro production of 6-keto-prostaglandin F,, 
by uterine arteries from postmenopausal women (Stein- 
leitner et al). 1989;161:1677-81 
Effect of placental laterality on uterine artery resistance and 
development of preeclampsia and intrauterine growth re- 
tardation (Kofinas et al). 1989;161:1536-9 
Uterus, drug effects 
Does terbutaline cause uterine atony and increase intra- 
operative blood loss? (Brown) (Letter); (Patriarco) (Reply). 
1989;161:259 
In vitro uterine response to tetramethylpyrazine, the active 
constituent of Chung Chong (a traditional Chinese medi- 
cine) (Tuttle et al). 1989; 161:1319-23 
Uterus, histology 
Histologic and immunologic study of uterine biopsy tissue 
of women with incipient abortion (Michel et al). 
1989; 161:409-14 
Uterus, immunology 
Histologic and immunologic study of uterine biopsy tissue 
of women with incipient abortion (Michel et al). 
1989; 161:409-14 


V 


Vagina l i 
The use of transvaginal ultrasonography in the diagnosis 
of ectopic pregnancy (Timor-Tritsch et al). 1989;161: 
157-61 
Vagina, abnormalities 
Ileocecal vaginal construction (Bürger et al). 1989;161:162- 
7 
Vagina, microbiology 
Evidence relating bacterial vaginosis to intraamniotic infec- 
tion (Silver et al). 1989;161:808-12 
Vagina, surgery 
Ileocecal vaginal construction (Burger et al). 1989;161:162- 
7 
Vaginal birth; see Delivery 
Vaginitis 
Allergic vaginitis (Dworetzky) (Letter); (Galland) (Reply). 
1989;161:1752-3 
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Vaginosis; see Vagina, microbiology 
Vancomycin, adverse effects 
Vancomycin during pregnancy: Does it cause hearing.loss or 


81 
Vascular endothelium; see Endothelium, vascular 
Vascular resistance 
Cardiovascular changes in early pregnancy (Capeless and 
Clapp). 1989; 161:1449-53 
Effect of placental laterality on uterine artery resistance and 
development of preeclampsia and intrauterine growth re- 
tardation (Kofinas et al). 1989;161:1536-9 
Vascular smooth muscle, animal; see Muscle, smooth, vas- 
cular, animal l 
Vasoconstriction, animal 
Effect of magnesium on cocaine-induced, catecholamine- 
mediated platelet and vascular response in term pregnant 
ewes (Weaver et al). 1989;161:1331-7 
Vasodilation 
Human a- and 8-calcitonin gene-related peptides are vaso- 
dilators in human chorionic plate vasculature (Firth and 
Pipkin). 1989;161:1318-9 
Vasopressins, agonists 
Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin 
agonists and antagonists (Ivanisevic et al), 1989;161: 
1637-43 
Vasopressins, antagonists 
Vasopressin receptors in human pregnant myometrium and 
decidua: interactions with oxytocin and vasopressin ago- 
nists and antagonists (Ivanisevic et al). 1989; 161:1637-43 
Vehicle : 
Absorption of oral progesterone is influenced by vehicle and 
particle size (Hargrove et al). 1989;161:948-51 
Velocimetry, Doppler; see Flowmeters 
Venous pressure 
Ovine fetal cardiovascular responses to packed red blood cell 
transfusions (Brace). 1989;161:1367-74 ‘ 
Vibratory stimulation; see Acoustic stimulation 
Vitamin A 
Effects of smoking and oral contraception on plasma B-car- 
otene levels in healthy women (Palan et al). 1989;161:881- 
5 
Vitamin D 
Vitamin D (soltriol), light, and reproduction (Stumpf and 
Denny). 1989;161:1375-84 (Curr. dev.) i 


nephrotoxicity in the infant? (Reyes et al). 1989;161:977- 
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Vulvar diseases 
Risk factors for vulvar lichen sclerosus (Sideri et al). 
1989;161:38-42 
Vulvar lichen sclerosus; see Vulvar diseases 
Vulvovaginitis 
A new surgical technique to treat refractory labial fusion in 
the elderly (Johnson et al). 1989;161:289-90 


WwW 


Water-electrolyte balance 
Is a decrease in plasma oncotic pressure enough to explain 
the edema of pregnancy? (Valenzuela). 1989;161:1624-7 
Lymph flow rate response to angiotensin II is decreased in 
pregnant sheep (Valenzuela and Longo). 1989;161:1615- 
9 


Withdrawal bleeding; sce Menstruation, drug effects 
Wolff-Parkinson-White syndrome 
Anesthetic management of labor in a patient with dextro- 
cardia, congenitally corrected transposition, Wolff-Par- 
kinson-White syndrome, and congestive heart failure 
(Sellers et al). 1989;161:1001-3 
Wound healing 
Assessment of epidermal growth factor in the healing pro- 
cess of clean full-thickness skin wounds (Jijon et al). 
1989; 161:1658-62 


X 
XY gonadal dysgensis; see Gonadal dysgenesis, 46,XY 


Y 


Y chromosome 
Molecular scanning of Yqll (interval 6) in men with 
Sertoli-cell-only syndrome (Johnson et al). 1989;161: 
1732-7 ` 
Rapid determination of fetal sex by deoxyribonucleic acid 
amplification of Y chromosome-specific sequences 
(Pinckert et al). 1989;161:693-8 


Zz 


Zinc 
Zinc, cadmium, and hypertension in parturient women (La- 
zebnik et al). 1989;161:437-40 
Zona pellucida 
Significance of D-mannose as a sperm receptor site on the 
zona pellucida in human fertilization (Mori et al). 
1989;161:207-11 


JOHNS" HOPKINS HEALTH "a mele 
SYSTEM. medical’ group: needs | | 
"additional physicians in OB/GYN |: ` a 
` for full-time and part-time posi- p | + 


tions at new and. established, of- 


' fices throughout the greater Bal- |- e 
_ timore area. Physicians must be ` 
board certified or active candi-. 


‘dates, and eligible for Maryland 


license and DEA certificate. In- 


_terviewing now for next summer; 


some positions available im- 
mediately. Equal Employment. - 


‘Opportunity Employer. Send 
current curriculum vitae to: Re- 


_cruiting Coordinator; Office of S 
_ Medical Affairs; Wyman. Park | 
Medical Associates; 3100 - 


`: Wyman Park Drive; Baltimore, 
Maia AAE i 








‘Los Angeles County — 


There is now an attractive opportunity to j join i 


two young and busy board-certified OB/GYN’s 


‘practicing in.a Los Angeles County commu- `. 


nity of 116,000. This is a rapidly expanding 
six-year-old practice and a third member is 
' ‘needed as soon as possible. They are offer- 


ing generous financial arrangements leading, l a 


to early partnership. 


l For more information send CVt to: Managere Pro- 
fessionalRelations, Humanainc., Dept. OB-12, 


‘500 West Main Street, Louisville, KY 40201- . 





1438. Or call TOLL-FREE 1-800-626-1590.’ 


’ umana’ 





_. SOUTHERN CALIFORNIA 











Desert Hospital, a350 bed acute ; 
cate hospital and designated 


‘regional trauma center is actively ` 


recruiting. Board Certified or Board , 
le Obstetriciati-Gynecolo- ° 


Desert Hospital offers a hospi: 


Cal (appro: imately 400 per: 
and other contract obstetri- 
cal services. Benefits would ine © | 
clude provision of olfice space and “ 
anicillacy support, ` K 
‘With approximately,2000 ` 


°, deliveries per year, out strategic. . 


plan emphasizes the. development 

ofa Women’s and Infant's Health. -| 

Center of Excellence. i : 
- Pilm Springs, aworld renown rë: ` 


’ sort. destination, isin the path of ` 


consistent growth, The Valley is ex-" | 
pected to grow fron, a current ~ 
population base of 200,000 to over “If 
600,000 by the year 2010. This `- 
population expansion will bring. > 


_mäny young, moderate income . > 


funilies, ‘needful of obstetrical. ser.” 
wees: and offer remarkable oppor“. 


"tunities for professional practice. . 


“fendi inquiry: and. curriculum. , 


vitae. to: 


Paul Belton . ei 
Desert Hospital ` ° 


- £150 N. Indian Ave. 
' Palm Springs, CA-92262 


4,04 
Zi 
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Be in on the delivery 
‘of the solution to 
OB staffing. 


LOCUM TENENS, INC., a division of Jackson 
& Coker, offers the qualified OB/GYN: 


*3 to 9 month guaranteed contracts 

e competitive daily rate 

e licensing and coordination 

«knowledgeable administrative support 

e round trip airfare 

* on-site housing and transportation 

e permanent practice 
opportunities 


Call 1-800-544-1987 
or write to: , 

Locum, Tenens, Inc. 
400 Perimenter 
Center Terrace 

Suite 760 OGLT9 
Atlanta, Georgia 30346 


P 
LOCUM 
TENENS, INC. 


A Division of 
Jackson and Coker 













































SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


The Southem California Permanente Medical Group invites 
you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. f 

For a physician application, please call or write to: William‘ 
G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829-5365. 


Equal Opportunity Employer M/F/H 


KA 


KAISER PERMANENTE 
Good People. Good Medicine. 
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OB/GYN 


WANTED: Obsitetrician/Gyne- 
cologist, Board Certified or eligi- 
ble physician to join existing 3 
member OB/GYN Department in 
22 member multi-specialty group 
practice in the Lakes Region of 
central N.H. Position offers an 
outstanding professional, finan- 
cial, and life-style opportunity. 
Respond with C.V. to Alan 
Awrich,M.D.,Laconia Clinic, 724 
Main Street, Laconia, NH 03246. 


PERINATOLOGIST 


Illinois, Chicago — Lutheran General Hospital is 
seeking a fourth Perinatologist for an excellent 
opportunity in direct patient care, teaching and 
clinical research. Lutheran General is a 713-bed 
teaching hospital affiliated with the University of 
Illinois College of Medicine in Chicago. It is a 
designated tertiary care center with 4500 deliveries 
annually and has an active maternal transport service 
of over 200 a year. The Obstetrics and Gynecology 
Department has a residency program, subspecialists in 
Gynecology/Endocrinology and Gynecology/ 
Oncology. There is a 36-bed neonatal NICU with 
five neonatologists and a fellowship program. There 
is also a large referral service for genetic counseling 
and prenatal diagnoses, and more than 750 genetic 
amniocentesis are performed annually. We have 
recently opened a large Perinatal Center office. 


The hospital is located in an attractive northwest 
suburb of Chicago. We offer a compecitive salary 
with a generous incentive plan and an excellent 
benefit package. 


Please send your curriculum vitae to Dr. Haim Elrad, 
Chief of Obstetrics and Director of Maternal-Fetal 
Medicine, Department of Obstetrics and Gynecology, 
or call 708/606-6998. Equal Opportunity Employer. 


G 


Lutheran General Hospital 1775 Dempster St. 
Park Ridge Park Ridge, IL 60068 





‘Central New Jersey 


. Freehold Area Hospital, a- progressive 248 bed 
` community Hospital, offers.an excellent opportu- 


nity for a group of two or more: Board Eligible’ 
‘obstetricians to assume complete responsibility for a 
our OB clinic.. ‘Successful candidates may also es~’ 
tablish a private practice, including assistance with 


: office, location -and transitional’ costs. 


Located in a rapidly expanding area of Suburban 
Western Monmouth County, the Hospital is. easily -~ 
k accessible to New York giy, ee and the 


, - Jersey. Shore. 


if you aré interested in this- gnortalny ae 
`- send your resume and three letters of reference, - 


_ to the address listed below.. 


. _ For further. information, please ects Flas- : 
-ter, RN, BSN, Director of Ambulatory Services at 


* (201). 780- 6142... 
-OB Search Committee - 
_~ Medical Staff Office ~ 
-Freehold Area Hospital 
_ * West Main Street: ` 
Fréehold, New Jersey 07728 
">. . (201) 780-6072 ° 





`. The Medical Center of Delaware: an 1100 bed; teitiary 


» care major teaching affiliate of Thomas Jefferson Univer- 


_ Sity, seeks a. full-time chairman: ofthe Department of - | 
Obstetrics-Gynecology. The Medical Center is the major ‘: 


_ trauma referral center for the State of Delaware. There 
are approved programs in Ob-Gyn, surgery, internal 
> medicine, emergency medicine, pediatrics, radiology, 
_and family practice, plus a transitional program and a 


` “medicine/pediatric program. Over.6,500 deliveries with 


a 25% cesarean section rate are done annually and 4,300 


gynecologic operations are performed annually with ap- 
_ proximately 3,500 of these being major procedures and... 
. 800 of. these minor: Two. thirds. of the procedures per- 


formed are on an‘ outpatient basis. Approxi mately 32,078 


surgical operations aré performed annually with 12,282, |: 


‘Inpatient procedures.and 19,796 outpatient procedures. : 


~. Candidates should have proven administrative ability, 
: experience in-managing an ob-gyn service; experience: | 

in developing, enhancing: and/or upgrading clinical ser- | 

„Vices, education programs and research; and the ability on 


to maintain and guide the ob-gyn residency program. 

The successful candidate will have ʻa senior. academic 
appointment at Jefferson Medical College of the Thomas 
Jefferson University in Philadelphia, . Pennsylvania.” 


"+ Please send curriculum vitae -and three references inde- © 


. pendently to: George Hilty, M.D., Chairman, Search 
“Committee, Medical Center of: Delaware, c/o af Patti 
Falkowski, CMSC, P.O. Box 1668, Wilmington, DE- 


“. 19899. The Medical Center of Delaware is an abate = 
=| -~-action/equat opportunity emnployetes : 























Grou Health oe of Puget 

‘Sound, ‘a 370,000-member pre-paid 
group practice, currently has a 
position for an OB/GYN Physician. 

< Reférral only practice in a 
multi- specialty organization. 













Toi inquire, ales i 
Director of Medical Staff Personnel 
` Group Health Cooperative 
-of Puget Sound 
521 Wall Street 
> E "A oe) 








> Group 
Coe ti 


u Coopera ot Sarit 


Affirmative Action tqual Opportunity Employer 


- HARTFORD. HOSPITAL 
 DIRËCTOR OF AMBULATORY OB/GYN . 
‘ The Department of. Obstetrics and ‘Gynecology at 
- Hartford Hospital is seeking a fulltime salaried board > 
_ certified/board eligible Director of ‘Ambulatory OB/GYN. - 
“We are looking for an individual with innovative ideas 
‘in resident and medical- student’ education coupled with 
<<- an ability to make the Outpatient Department function’ 
most efficiently. The OPD presently: has approximately 
21,000 patient visits annually. 


. The OB/GYN Department has divisions of Maternal-Fetat ` 
~ Medicine, Gyn-Oncology; and Reproductive Endocrinol- i 
ogy.. It also. includes 49 BC/BE attendings, 16 residents ~ 
arid 6 medical students‘on two month clinical rotations 
from the University of Connecticut and Dartmouth. 


` ‘Located’ in the capital, city of ‘Classic Connecticut,” ` 

` Hartford Hospital is a tertiary care-885-bed institution 
with’ approximately 225 house officers. Dr. Stephen L. |. 
Curry will become the permanent fulltime Director of ` -f 
the. Department on. January. 1, 1990. : 


` Academic appointment ‘at the University of ‘Connecticut 
- will, be: commensurate with trainiñg and experience. 
. Pleasé- send. your’ curriculum vitae to: 
` Alan J; Wabrek, M.D. — Acting Director 
~ *. , OB/GYN: Department - 
~ Hartford Hospital 
Te - 80 Seymour St. R 
a “Hartford, CT 06115 
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© OB/GYN | 
“WISCONSIN. 


` Multi- -specialty group in sub- 


urban-Milwaukee seeks BC/ .. 
BE.. Obstetrician/Gynecolo-. 
gist to join 6 physician OB/ 

GYN department. ‘Single’ 


site, single hospital practice. 
Competitive salary and 
fringe benefits. Forward in- 


quiries and CV to: 


Administrator 

P.O. Box 427. 
‘Menomonee Falls, WI. 
| 53051 


Northwestern University - 


- Medical School Department 
of Obstetrics and Gynecology . 


Chicago, Illinois 
Academic Gynecologist 


Responsibilities include development of clinical or. 

_ basic science research in the field of benign `; 
gynecology (interest in the field of urogynecology - 
or infectious diseases is desirable), graduate and 
undergraduate education, and participation i in | lin- i 


_ ical gynecology service. 


Academic rank will be commensurate with’ qual- A 


ifiactions and experieniée. We encourage individu- 


. als interested in career development to apply. 


Applications should be sent to: 


` Lane J.: Mercer, M.D. 


Chief, Section of Gynecology . 

Department of Obstetrics and Gynecology 
333 East Superior Street, Suite bie 
Chicago, Illinois 60611 


In order to receive full consideration, application 
must be received by February 15, 1990. 


‘Northwestern University is an affirmative. action/! . 
equal opportunity employer. Hiring-is contingent. 


upon eligibility to work in the United States. . 


AOA! 








doin a Leader | 
We’re The Ohio Permanente Medical 
Group, Inc. 


; and we ate ‘ooking for board certified/board eligible 

Obstetrician/Gynecologists to help us keep up with rapid 

` growth of the Kaiser Permanente Program in Northeast- 

_ -ern Ohio. OPMG is the multispecialty group practice 

_ + that provides health care services to the more than 
~: 185,000 Kaiser members in ‘the Cleveland-Akron-area. 

` Our wealth of experience of ‘over 40 plus years (25 in 

-> Ohio) makes Kaiser Permanente a mature, solid, leader 

` in the managed care sector of the health care industry. 


-The rewards of practice with us are substantial—excel- 
lent salary and benefit packages, company-paid retire- 


- ment plan, full malpractice coverage, a stimulating, col- 
x,  legial environment in which to bianca, quality medicine, 
‘and more. 


Kaiser Permanente’s Ohio Region i is located in the heart 
of the dynamic,. resurgent industrial Midwest. The area 


-~ Offers the best of big city sophistication and culture in 
è: an affordable, accessible living area. 


Please send.your resume to: Ronald: G. Potts, M.D., 


p Medical Director, Ohio Permanente Medical Group, Inc., 
+, 1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
ae Or you may call us collect at (216) 623-8780. 


NORTHERN - 
CALIFORNIA 
The Kaiser Permanente Medical Care Pro- 


gram of ‘Northern California, San Francisco 
Bay Area, a federally. qualified HMO, seek a 


board ‘certified eligible. physician for the De- 
partment. of  Obstetrics/Gynecology in our 
< Richmond medical office for 1990. 


Competitive salary. ` 


F Excellent benefits include. full malpractice and 


medical coverage, paid vacation, holiday, 


', education and sick leave, retirement plan and 
l shareholder opportunity. 


-Direct | letter: of, introduction and curriculum“ 
>- vitae to | 


Victor A. David, M. D.. 
' Chief of OB/GYN. 
Kaiser Permanente Medical Center 
- 901 Nevin Avenue 
‘Richmond, CA 94801 


_ or call Collect (415) 231-4823 ` 





OBSTETRICIAN 
GYNECOLOGIST 


Expanding “Western Massachusetts. staff modél 
_ Health Maintenance Organization is seeking’ a full- 

time Board Certified/Board Eligible Obstetrician/ 
_ Gynecologist to join. astan of oat (8) ee and 
six (6) midwives. © 


, Our multi-speciatty group arabic smpe savany 
(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 


‘ban facilities, in-patient care is provided at 900- bed .. 


Tufts affiliated Ipecnine hospital.. 


f „Attractive Pioneer Valley location with fine HE 


tional, cultural and recreational opportunities. 


Excellent salary and comprehensive benefit pro- - 


gram. Please. send curriculum vitae. to: 


Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- or 


tennial Highway, Springtield, MA 01118. 


‘Community Health Plan Mi 
w A BLUE CROSS & BLUE SHIELD HMO. ‘ 


We are an equal cpportunityfatfirmative action a 


‘State Unversity of New York 
Health Science Center, 
-Syracuse : 


Deparimënt a Obstetrics’ and Gynecology '. 


PELVIC SURGERY FELLOWSHIP C 


- -The Department: of Obstetrics and Gynecology of, 


S.U.N.Y., Health Science Center at Syracuse i is offering 
a one-year fellowship i in Pelvic eurgery for qualified can- ` 
didates. 


` The Fellowship will include comprehensive , training’ in 
- benign and malignant pelvic surgery; infertility surgery, 
laser surgery (abdominal, endoscopic and external gen- 
- italia), female urology and endoscopy (laparoscopy, hys- 
. teroscopy and. colposcopy). The program is designed ` 
to provide clinical experience and expertise in ieee 
logic surgery. Research opportunities are available. - 


"Positions are available.beginning July 1, 1990. ` 


` Qualifications include ABOG eolblercenfled status ae 


eligibility for full NY State licensure. 


- Requests for applications can be’ sent to: 
MICHAEL S.-BAGGISH, M.D. 
PROFESSOR AND CHAIRMAN 
DEPARTMENT OF OB/GYN ` 
S.U.NLY., HEALTH PENE CENTER , 
"736 IRVING AVENUE 
- SUITE 308° WEST TOWER ;- 
SYRACUSE, NY. 13210 


: SUNY, Health, Science Center is an AWEEO. Employer, E 








FACULTY POSITION IN 
OBSTETRICS AND GYNECOLOGY 


i The Department of Obstetrics and Gynecol- 
~ ogy; MetroHealth Medical: Centér (formerly 


Cléveland Metropolitan. General Hospital); ' 


Case ‘Western Reserve University is looking 


for an Obstetrician-Gynecologist interested in 
` .pursuing an-active research program integ- 
rated with part- -time clinical practice in a teach- 


ing hospital. The current environment ‘pro- 


‘vides an excellent opportunity for both inde- 


perident ` and - collaborative ‘research en- 
deavor. Research interests and productivity 


should be focused on an area of Reproductive 


Physiology. Fellowship training in Maternal- 


ee Medicine. helpful aur clearly. not essen- 


tial.: 


l A candidates should send curriculum 
vitae: to: 


- « James F.. ‘Clapp, Hl, M.D. 
‘Department of Obstetrics and Gynecology 
`: MetroHealth Medical Center 
|- 3395 Scranton Road 
a Cleveland, Ohio 44109 


- OB/GYN 


OB/GYN BOARD CERTIFIED OR ELIGIBLE 


to join large multi-specialty group in San Fran- 
cisco. Large volume tertiary care obstetrical 
service; over 3400 deliveries per year; 18 staff 


ity, retirement program. Academic appoint- 


ment and clinical research available. 
7 Send i inquiry and E. vV. to: 


> ira M. Golditch, "M.D. 
- Chief, Dept. of Ob/Gyn’ 
Kaiser Permanente Medical Center 
2200 O'Farrell Stréet ` 
San Francisco, CA 94115, - 


. OF. call Eae 
(415) 929- -5604 ` 


T. OB/GYN; 4 year residency program in OB/ > : 
. GYN:'Benefits include excellent vacation and 
. educational leave, medical and dental cover- 
_ages, malpractice and life insurance, disabil- 
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Nee DIRECTOR 
OF EDUCATION 


, ree Medical Centér, a regional referral center , 


for Western Massachusetts and the Western Cam- 
pus of Tufts University School of Medicine, is seek- |, 


: {nig a Board Certified physician to direct the educa- 
„tional program for 50 third-year medical students. 
There is also a free standing resident education pror 
gram consisting of 20 rèsidents. ` , 


- The Department of Obstetrics and’ Gynetology has ae 


_ over-6,000 deliveries,.18,000 outpatient visits and 
3,000 operative procedures performed per year. 
There are 10 full time faculty who support the edu-. . 


cational programa within Genetic, Oncology, Mater- ` 


nal Fetal icine, Primary Care, Reproductive 
Endocrinology and Urogynecology. .’ ~ 


Salary: and-academic rank are commensurate with 

experience and credentials. Interested applicants. 

‘should send their curriculum vitae in confidence to: 

Laurence E. Lundy, M.D., Chairman, Department of . 

OB/GYN, BAYSTATE MEDICAL CENTER, 759 Chest- - 
-. | * nut Street, Springfield, MA 01199, (413) 784.5457. 
eed i We are an Equal Opportunity. Employer. 


Tot 
E - UF 


. Basate Medical Cènter - 


- The, Westem canes of Tufts University School of Medicine. 


Central Minnesota 
Group Health Pian 


© OB/GYN 


i Rapidly growing, innovative’ primary care. 


_ Clinic’has’ openings for two board eligible/cer- `. 


., tified OB/GYN physicians: New Clinic facility _ 
in the fastest growing urban atea in Minne- 

_ sota. St. Cloud is a community of 45,000 lo: ` 
- cated on the upper. Mississippi. River'70 miles 
from Mpls./St. Paul. Be close to lakes, ski 


areas and excellent schools, including three `` 
universities. Join.a supportive primary care |. 
‘staff and receive. competitive salary, outstand- - 
ing benefits, liberal vacation and educational . -| - 


leave,. malpractice | coverage, .etc. Contact: 
ats Physician Services, Central Minnesota Group 
Health Plan, 1245 15th Street North; 


St. Cloud, MN 56303.. 612/253-5220. EOE. ` mt , 


- ABA 




















PERINATOLOGIST — 


- The Department of Obstetrics & Gynecology 


at Pennsylvania Hospital, Philadelphia, PA is 


` ‘recruiting a Board Certified/Eligible Maternal- i 
.” Fetal Medicine specialist for a full-time posi- Eo g 
tion atthe Assistant Professor level. The sec- 


tion now employs eight Maternal-Fetal Medi- ` 


. cine specialists and trains two Fellows per 

. -year. The position will include half-time con- 

` ‘sultation ata satellite site and half-time clinical 

“and research responsibilities at the tertiary 

> center. Pennsylvania Hospital is an Affirma- 

> tive Action, Equal Opportunity Employer. 

` Female and minority applicants a are e especially 
welcome. 


‘Snieroaiad candidates: should send a cur- 


riculum vitae to: 


Ronald J. Bolognese M. D., Chairman’ 
_Department of Obstetrics & Gynecology 
Pennsylvania Hospital 
8th & Spruce Streets 

` Philadelphia, | PA 19107 


T DEPARTMENT OF OBSTETRICS AND 
': GYNECOLOG 


UNIVERSITY | OF WISCONSIN MEDICAL 


* SCHOOL, MILWAUKEE CLINICAL 
i CAMPUS'AT SINAI SAMARITAN MEDICAL 
. CENTER © 
* Excellent opportunities for MATERNAL FETAL MEDI- 
< CINE and GENERAL OBSTETRICS AND GYNECOL- 


OGY with an interest in AMBULATORY CARE, UROGY- 


- NECOLOGY, or STATEWIDE FAMILY PLANNING. 
_Sinai Samaritan Medical Center is the largest obstetrical 
-unit (4,800 deliveries) in Wisconsin and is a tertiary care’ 

” -referral center,in downtown Milwaukee. The University 


of Wisconsin Medical School, Milwaukee Clinical Cam- 
pus, supports an active ob/gyn department with consul-. 
tative ultrasound, genetic, infectious disease and repro : 


. ‘ductive/endocrine services. 


x Qualifications include board eligibility or ceriification in 
_ Obstetrics and Gynecology and/or subspecialty. Commit- 


ment to teaching résidents, medical students, consulta- 


` tive services: and clinical research, 
< Salary open. and dependent on qualifications and experi- 


ence. For more: information, interested candidates should 


~ contact: 


Fredrik F. Broekhuizeń, M. D. 

Chairman and Chief `. 

Department of Obstetrics and secon 
University of Wisconsin Medical Senos; 
Milwaukee Clinical Campus 
Sinai Samaritan Medical Center 
Mount Sinai Campus `. 

950 North 12th Street, G405 
Milwaukee, WI 53233 
(414) 283-7931 


" BE/BC OB/GYN 


St. Louis Missouri Community Health 
Center looking for a BE/BC OB/GYN 
to head that department. Center has 
‘a busy prenatal, gynecologic and fam- 
ily planning service. Benefits include — 
competitive salary, malpractice, 

_ health, disability, pension, CME,. and 
' vacation. Possible simultaneous: ap- ` 
_ pointment to major university clinical 


staff. For more information send. CV. 


or call: 


Family Caré Center of Carondelet 
6313 Michigan Avenue 
` St. Louis, MO 63111. 
(314) 353-5190 


Attn: l 
Dr. Michael Adix, Medical Director 


SUBURBAN PITTSBURGH 


A 12-year-old, 18-physician Kalaa group seeks to 


expand its services by adding two OB/GYNs to its medical ` 


staff. They are affiliated with a 360-bed community hospital 
and currently have four office locations. The four pedia- 
trician group members will offer a built-in referral base for 
-the OB/GYNs. i 


Facilities at the offices indude a state-licensed lab, mam- 
mography, sonography, diagnostic radiology, and’ much 
more. Centralized billing is provided for all physicians along 
with the assistance of a full component of staff which in- 


-. cludes clerical support, medical assistants, nurses, sand labo- 


ratory and radiology technicians, 


This opportunity offers a competitive income N 


malpractice insurance, pension/profit sharing program, and - 


. a highly attractive partnership option. Due to the specialty 


structure of the group, the partnership buy-in will be mini- | 
mal for the initial OB/GYNs j joining the group. Additional 


corporate ventures will also be open to new members. 


PANEL STERN& ASSOCIATES. 


Suite.240 The Medical Center East 

211 North Whitfield Street f 

Pittsburgh, PA 15206 y ' 
800-438-2476" 412-363-9700 FAX 412-363-6032 l 
Tim Maus, Assistant Vice President - ÓB/GYN. - 











- UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE 
- DEPARTMENT OF 
OBSTETRICS & GYNECOLOGY 
ASSISTANT PROFESSOR OF 


CLINICAL OBSTETRICS & GYNECOLOGY 


` Opportunity available for M.D. who is board cer- 


tified or board eligible in Maternal Fetal Medicine. . 


Special interest in infectious disease is desirable 


. but not required. 


Applicant must be licensed i in State of Florida, and 


have sufficient clinical experience to qualify for a 
` full time faculty appointment. 


Salary will be commensurate with training and ex- 


perience. Compensation includes excellent fringe 
benefit and financial incentive plan. Apply to: 
, Mary J. O’Sullivan; M, D. 
Professor ; 
`- Obstetrics & Gynecology, R- 136 
University. of Miami: 
P.0. Box 016960 : 
Miami, Florida 33101 
AN EQUAL ‘OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER 


ai, 


KAISER PERMANENTE 
OBSTETRICIAN-GYNECOLOGIST: The 
Permanente Medical Group, Inc., of San 


Jose, California is looking for BC/BE physi- . 
cians for immediate openings in. the OB/GYN `> 


ment is still growing and currently has nine- 
teen physicians and two nurse practitioners. 


age malpractice insurance and an outstand- 
ing. benefits package. San Jose. and Gilroy 
share excellent access to Bay area cultural 
and recreational activities. 


_ Please contact: 


Jerome L. Nehemiah, M. D. 
Chief 
Department of OB/GYN 
The Permanente- Medical Group, Inc. 
260 International Circle . 
San Jose, CA 95119 


F Department. Positions available-either at the - l 
|” main facility in San Jose or at satellite medical 
|. Offices in Gilroy. The young, dynamic Depart- 


' Salary is competitive and includes full cover- . 
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| site Univers ot New Mork n 
Health Science Center p 


Syracuse 


‘MATERNAL-FETAL MEDICINE, 


SUBSPECIALIST_ . 
~ ASSISTANT. PROFESSOR’ : 
“ASSOCIATE PROFESSOR. 


the Department of Obstetrics’ and Gynecology of the SUNY , 
` Healty Science Center at Syracuse: is actively récruiting a... 


` -FOURTH full-time Perinapnlogipi for its Division of, Maternal- 
. Fetal Medicine. 


_ The teaching hospital serves as the only Tertiary Çare Center 
for the Regional Perinatal Program encompassing: the 15 coun- - 
‘ties of Central New York with a population of 2.3 million... + 
Excellent opportunity to participate in. teaching and collaborate 

in ongoing research in clinical Perinatology, . Uitrásoind; and ad 


Prenatal Diagnosis - 


TOP SALARY, ATTRACTIVE: BENEFITS | PACKAGE, AND PRO- E 


TECTED RESEARCH TIME.. 


Board aligibility/certtication. in Maternal- Fetal Medicine is. rê- ‘ 


_ quired... 
_ Interested candidates shoul d send curriculum vitae to: 


Shiraz Sunderji, M.D. — Director ` 
Division of. Maternal Fetal Medicine: 
. SUNY Health Science Center at Syraciise `. 
~ Perinatal Center, 
725 Irving, Avenue, Suite 115° 
Syracuse, NY 13210 
(315) 470-7196 ` 


SUNY Heath Science Center isan equal opportunity: am mative Aetion. on employer, 


The. Department of Obstėtrics/Gynecology at the 


7 k University of Missouri-Kansas City School of Med- 


icine is seeking a board certified or active. candidate .. 
in obstetri¢s/gynecology to function, as a.faculty . 

ue member. Responsibilities will be split between ter- 
__ tiary level Truman Medical Center-West and‘Tru- 


man Medical Center-East, a. Family: Practice Resi- 


dency training hospital. He or. she will participate - z 
‘in patient care, education of residents and medical: 
‘students, and clinical research. Compensation and | 
academic rank are competitive and eee 


- upon experience. 
_ Pleasé call or send curriculum vitae to: - 


James Youngblood, M:D. - 


Chairman Department of ObsteerGyetlogy 


Truman Medical, Center - 


. 2301, Holmes 


Kansas City, MO ane a 
(618) 9 556-3454 
or , 


Bennett Walstatter, M. D., Chief, oBveyN Services 
Truman Medical Center-East . 


. 7900 Lee's Summit Road 


Kansas City, MO 64139 
(816) 373-6228. 
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[7 UNIVERSITY OF ILLINOIS 














OB. GYN FACULTY — 
INJAPAN. ` 


Ideal for Sabbatical à 


v Univ. of Hawaii Medical: Education Program 
© in Okinawa, : Japan invites applications. for 
faculties in .Ob-Gyn. (General, Perinatology, 


or, Oncology) for a period of 3-6 months (be- _ 
‘tween Jan 90 until July '91). Salary commen- - 
. surate with: experience plus 30% overseas 
: allowance, airfare, furnished accommodation 
“with all utilities paid. Additional allowance of 
` approximately, Yen 120, 000 per month. PEI 
' cations with C. V. to: ` 


o Y.B: 'Talwalkar, M.D.; Program Director 
l - University of Hawaii Program 
`, Okinawa, Chubu Hospital, Gushikawa City 
Okinawa, Japan. 904-22. | 
, Serious inquiries call collect - 
Tel. NOE 09897- 3-1515 





. >” AT CHICAGO © 
_ ASSISTANT/ASSOCIATE 
PROFESSOR POSITIONS 


” The Department of Obstetrics and Gynecology is re- 


'. cruiting a'Board eligiblé/certified general Obstetrician- ` 
Gynecologist. This position involved patient care, 
., teaching students and residans and opportunities for 
Tesearch, `, 


‘Faculty position also avalanis for Board ‘eligible /certt- 


~. _ fied Oncologist. Position involves patient care, teaching 


medical students, residents and fellows, as well asre- . 


, search opportunities to advance information base of 
` the specialty.: 


Excellent benefits: are offered including liability c cover- 
_‘age, medical and dental coverage, and vacation and 


ṣo sick leave. Academic oy and rank mm depend on . 


_ Creditials.- 
- Send C.V; ‘to; 


Antonio Seni M.D. 
`, Professor and Head 
Department of Obstetrics and Gynecology 


ie » University of Illinois College of Medicine 


- 840 South Wood Street 
Chicago, Illinois 60612 


An affirmative action/equal opportunity employer 


Practice in beautiful Ithaca, NY 


All of the advantages and none of the head- 


aches of a solo practice! BC/BE OB/GYN 
needed for our new comprehensive Ob/Gyn 
Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 
ries. Competitive salary, excellent benefits 
including malpractice, new facility. Beautiful 
Finger Lakes region, home of Cornell Univ. 
Begin Fall 1990. Send CV to Executive Direc- 
tor, Planned Parenthood of Tompkins County, 
314 W. State St., Ithaca, NY 14850. 


Planned 
Parenthood" 


of Tompkins County’ 


MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level Ill Hos- ~ 


pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
-` ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 


include residency teaching, maternal 
_ transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and.Lake St. Clair in very close 
proximity. 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
GROSSE POINTE, MI.48236 - 























Generalist in OB-GYN 


We have an opportunity for a generalist in obstet- 
rics and gynecology to join the full time faculty of 
the University of Rochester Department of Obstet- 
rics and Gynecology at Rochester General Hospi- 
tal. Rochester General is a 540 bed hospital, lo- 
cated in upstate New York. We serve women from 
the inner city and suburbén areas with a successful 
mix of privately insured and medicaid patients. Our 
recently opened Birth Center is the first phase of 
our master plan to modernize our labor and delivery 
and surgery facilities. The successful candidate 
will have a commitment to clinical excellence and 
patient teaching. The teaching of residents and 
medical students requires a solid knowledge of 
general obstetrics and gynecology. Excellent com- 
munication and interpersonal skills are essential. 


The University of Rochester offers an excellent 
salary and benefit package commensurate with ac- 
ademic credentials and clinical experience. Board 
certified or eligible individuals are.requested to sub- 
mit.your curriculum vitae in confidence to: 


Phyllis C. Leppert, CNM, MD, PhD 
Chief of Obstetrics & Gynecology 
Rochester General Hospital 
1425 Portland Avenue 
Rochester, New York 14621 


The University of Rechester is an equal 
opportunity employer. 








Academic Position 
In Reproductive Endocrinology and Infertility 


The University of Calgary Faculty of Medicine invites applica- 
tions for an academic position in the Department of Obstetrics 
and Gynaecology. The successful applicant will also receive 
an appointment at the Foothills Hospital, southern Alberta's 
major referral and teaching hospital. 


Interested applicants should be qualified in obstetrics and 
gynaecology and hold the Fellowship of the Royal College of 
Physicians and Surgeons of Canada, or an equivalent recog- 
nized certification, and possess proven ability and experience 
in the area of Reproductive Endocrinology and Infertility. 


Responsibilities will include teaching and patient care of the 
undergraduate and postgraduate level, in addition to directing 
research within the area and collaborating with an established 
Reproductive Medicine Research Group. In acdition to basic 
and clinical research, the successful applicant will be involved 
in an active in-vitro fertilization program. Rank and salary will 
be commensurate with experience and qualifications. 


In accordance with Canadian immigration requirements, priori- 
ty will be given to Canadian citizens and permanent residents 
of Canada. The University of Calgary has an Employment 
Equity Program and encourages applications from all qualified 
candidates, including women, aboriginal people, visible minori- 
ties, and people with disabilities. 


Please submit a curriculum vitae and the names and address- 
es of three referees in confidence by December 31, 1989 to: 


Dr. J.F, Jarrell 

Professor and Head ` =y 

Department of Obstetrics U | = UN VERSITÝ 
& Gynaecology OF CALGARY 

1403 - 29 Street N.W. „n 

Calgary, Alberta, Canada T2N 2T9 
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GYNECOLOGIC 
ONCOLOGIST 


The Department of Obstetrics and Gynecology, 
Baystate Medical Center, Springfield, Massachu- 
setts, is seeking a third full time Gynecologic 
Oncologist to join their regional program. 


Designated as the Western Campus of Tufts 
University School of Medicine, there are excel- 
lent opportunities for student and resident 
education, outreach programs and clinical 
research, 


Salary and academic rank will be commensurate 
with credentials and experience. Please send 
curriculum vitae to: John L. Powell, M.D., Chief, 
Gynecologic Oncology, BAYSTATE MEDICAL 
CENTER, 759Chestnut Street, Springfield, 
Massachusetts, 01199. Or, call (413) 784-5542. 
We are an Equal Opportunity Employer. 


eij 


Baystate Medical Center 


The Western Campus of Tufts University School of Medicine. 


OB/GYN CHIEF 
PACIFIC NORTHWEST 


The Department of Obstetrics and 
Gynecology at Emanuel Hospital. and 
Health Center in Portland, Oregon is cur- 
rently accepting applications for the pos- 
ition of Chief of Obstetrics and Gynecol- 
ogy. This hospital-based position is in a 
554 bed tertiary hospital in the beautiful 
Pacific, Northwest, sixty minutes from the 
Oregon Coast, Cascade Mountains and 
Columbia River Gorge. Applicants must 
be board certified in OB/GYN, have ad- 
ministrative, clinical, teaching, and re- 
search experience. For confidential con- 
sideration, please send CV to: 


Lorraine Bivalec, Vice President, 
Womens & Childrens Division 
Emanuel Hospital & Health Center 
2801 N. Gantenbein 
Portland, OR 97227 
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DIRECTOR OF MATERNAL 
AND FETAL MEDICINE 
University of lilinois 
College of Medicine at Chicago and 
Michael! Reese Hospital and Medical Center 


The University of lilinois College of Medicine at Chicago, 
and Michael Reese Hospital and Medical Center invite 
applications and nominations for the position of Director 
of Maternal and Fetal Medicine in the Department of 
Obstetrics and Gynecology. The Director will lead the 
Obstetric program of two of Chicago's most important 
medical institutions, both with along history of academic 
excellence and outstanding patient care. 


Candidates should be certified in Maternal/Fetal Medi- 
cine, have substantial scholarly productivity in the field, 
and have ability to provide dynamic leadership in ad- 
ministering a comprehensive program of patient care, 
education, and research in Obstetrics. 


Interested individuals should send a curriculum vitae to: 


Antonio Scommegna, M.D. 
Professor and Head, Department 
of Obstetrics and Gynecology 
University of Illinois 
College of Medicine at Chicago 
840 South Wood Street 
Chicago, IL 60612 


The University of Illinois at Chicago is an affirmative ac- 
tion/equal opportunity employer. 


The Section of  Obstetrics-Perinatal 
Medicine in the Department of Obstetrics 
and Gynecology at the University of Wis- 
consin—Madison, seeks a board-certified 
or eligible Perinatologist. 


Faculty appointment will include duties 
such as acting as attending physician on 
the high-risk pregnancy service. Medical 
student, resident and outreach instruction 
are essential duties. Special emphasis is on 
prenatal diagnosis and genetics. An active 
research interest in some aspect of 
perinatal medicine is necessary, with pref- 
erence given to research in prenatal diag- 
nosis and/or clinical genetics. Send CV and 
application to: Chester B. Martin, Jr., M.D., 
UNIVERSITY OF WISCONSIN—Madison, 
H4/654 Clinical Science Center, 600 High- 
land Avenue, Madison, WI 53792. 








Life. 


It's our lifes work. 
The Mount Sinai Medical Center of New York 


Perinatologist 


Group Health Plan in St. Louis fs a staff model HMO that 
Excellent opportunity for a board-certified 


promotes the ideals of private practice while freeing doc- perinatologist to join the Department of Obstetrics and 


j i j iti Gynecology of the City Hospital at Elmhurst, an af- 
tors from the financial baggage of the private practitioner. filate of the Mount Sinai Hospital and School of 


, aa Medicine. Faculty rank will be granted according to 
Group Health Plan isnt for every physician. Just for those experience. We offer a highly competitive salary and 


fi h tt ii dici ithout ; benefit package. 
FAN MVD VANL 10. DR ICE IMEC ESP: ELE OUL- COMPROMISE: Send curriculum vitae to Richard L. Berkowitz, MD, 


Professor and Chairman, The Mount Sinai Medical 


If your mission in life is to practice the ideals of medicine 
without administrative. demands, we invite your inquiry. 


For an interview please talk with Tim Walton at (314) Canter end me Moun ana Schoo! of Medien, 

: X epariment o steirics, necoio an 
993-5955. Or write Group Health Plan, 11475 Olde Cabin Rebroductive Science, 1176 Fifth Rane, Boy 1170, 
New York, NY 10029-6574, An Equal Opportunity 
Employer. 


MOUNT SINAI. 


TAKE GOOD CARE OF YOUR CAREER. 


Road, St. Louis, Mo. 63141. An equal opportunity employer. 
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The Michael Reese Health Plan, a large The Department of OB/GYN has the fol- 
well-established HMO serving its members in lowing full-time faculty positions available 
20 Health Centers throughout the Chicago at the Assistant Professor level: 


Metro area, is seeking additional Board Certi- . 
- fied/Eligible physicians in the following 1. General OB/GYN - Candidate 
specialy: should have interests in teaching at 
both student and resident levels. In- 


Obstetrics terest in research and administra- 
Gyn ec ol o gy tion desirable. 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 











. Reproductive Endocrinology - Can- 
didate shouid have both clinical and 
research interests. 

A highly-competitive salary and excellent ben- 


efits complement a rewarding practice and 
lifestyle. 


interested candidates should address in- 
quires to: 


Robert Kennison, M.D., Acting Chairman 
Department of Obstetrics 

and Gynecology 

750 Washington Street, Box #324 
Boston, MA 02111 

(617) 956-6734 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 
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FELLOWSHIP 


Perinatal Genetics Fellowship Opportunity. The 
Department of Obstetrics and Gynecology, Sec- 
tion of Genetics, Pennsylvania Hospital, is 
pleased to announce the establishment of a fel- 
lowship in Clinical Genetics. This training pro- 
gram is open to individuals who will have com- 
pleted a residency in Obstetrics and Gynecology 
and who wish to pursue either a three year com- 
bined fellowship in Clinical Genetics and Mater- 
nal-Fetal Medicine or a two year fellowship in 
Clinical Genetics. This program meets all the 
requirements for certification by The American 


Board of Medical Genetics and offers extensive ` 


clinical and research experience in obstetrical, 
neonatal and pediatric genetics as well as 
métabolism, prenatal diagnosis, fetal therapy, 
teratology, ultrasonography and cytogenetics. 
Interested applicants should send their C.V. and 
the names of three references to: 


Alan E. Donnenfeld, M.D. 
Section of Genetics . 
-Department of Obstetrics and Gynecology 
7th Floor Spruce Building 
Pennsylvania Hospital 
Eighth and Spruce Streets. 
Philadelphia, PA 19107 
phone (215) 829-5633. 


An equal opportunity employer. 


OB-GYN 


The’ University of Rochester has expanded its res- 
idericy program to include Rochester General Hos- 
pital. Located in northern Rochester in upstate New 
York near lakes and other recreational areas. 


, Rochester General is a 540 bed hospital. We cur- 


rently have a position for a board certified or eligible 
obstetrician-gynecologist with a major interest in 
state-of-the-art gyn laparoscopy to join the full time 
faculty. The position requires strong communica- 
tion and interpersonal skills and excellent teaching 
ability. It is anticipated that the successful applicant 
will provide leadership in the development of ambu- 
latory gyn surgery and contribute to the scientific 
literature. . 


The University of Rochester offers an excellent 
salary and benefits package commensurate with 
academic credentials and clinical experience. 


For consideration please submit your curriculum 
vitae in confidence to: 
Phyllis C. Leppert, CNM, MD, PhD 
Chief of Obstetrics & Gynecology 
Rochester General Hospital 
1425 Portland Avenue 
Rochester, New York 14621 


The University of Rochester is an equal 
opportunity employer. 
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By Michael J. Breslow, M.D.; Clair F. Miller, M.D.; 
and Mark C. Rogers, M.D. 

Controlling medical problems in surgical patients 
may well be one of your biggest challenges. 
Practical and succinct, this new book presents a 
rational approach to monitoring and managing 
surgical patients. 
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. creased perioperative morbidity and mortality 
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-Comprebensive _ 





The depth of texts, 
the timeliness of journals... 









OBSTETRICSIGYNECOLOGY REPORT is designed with the busy practi- 
tioner in mind. It identifies the most important clinical advances and issues 
in your field and synthesizes for you the current, relevant information on 
these topics. 


@ Four issues every 12 months. 


E Each issue focuses on two topics of current clinical interest. 





E Subspecialty areas covered by the REPORT include: infectious disease, 
o reproductive endo-fertility, maternal-fetal medicine, oncology, 
OBSTETRICS/ a gynecologic urology, and general obstetrics and gynecology. 
GYNECOLOGY : 
REPORT ae @ Comprehensive coverage of the selected topics, from new develop- 
ments to cases of interest. 
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@ Articles written by leaders in the field. 


m 450 pages per year; no advertisements. 


Our editorial board of prominent physicians is committed to offering you an 
insightful, reliable, and practical resource that is truly beneficial to clinical 
practice. 


OBSTETRICSIGYNECOLOGY REPORT offers you: 
E coverage of clinical advances in the specialty 


opinions and consultations from experts in the specialty 





discussions of controversial issues 


case studies 


Editor in Chief: 
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information on new techniques, products, and equipment 
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norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol Each light peach tablet 
contains 0.75 ma a and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
rovided with the product and therefore should not be used as the basis for prescribing the product. 
his summary was prepared by deleting from the complete prescribing information certain text, tables 

and references. The physician should be thoroughly familiar with the complete prescribing information 

before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophie- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen- depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- | 

tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and | 

is quite marked in women over 35 years of age. Women who use oral contraceptives should be | 
L strongly advised not to smoke. 








The use of oral contraceptives is associatec with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke. hepatic neoplasia, and gallbladder disease, although the 
tisk of serious morbidity or mortality is very smail in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studes carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestagens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estragens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide informaticn on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack tor current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30 Smoking in combination with ora’ contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shows to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contracept:ves may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for ceep vein thrombosis or pulmonary embolism. and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease, Cohort studies have shown the 
relative risk to be somewhat lower, about 2 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contracepiives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in nsk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism. oral contraceptives should be started no earher than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the reiative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among alder {>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types ot strokes. and smoking interacted to increase the nsk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 12 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 18 for normotensive users and 257 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in orai contraceptives and the risk of vascular disease. A decline in serum high density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the act-vity of the progestogen used in the contraceptive 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good orinciples of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescrited should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
Studies which have shown persistence of isk of vascular disease for ever-users cf oral contraceptives. ina 
study in the United States. the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. in another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2 ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with tne exception of oral contraceptive users 35 and alder who smoke 
and 40 and older wha do not smoke, mortality associated with ali methods of birth control is fow and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using órai contraceptives. While there are conflicting reports most studies suggest that 
use of orai contraceptives is not associated with an overail increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer. particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies Suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent ti 

which such findings may be due to d:fferences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use. although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable nisk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four Gr more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Sudies from Britain have shown an increased risk af developing hepatocel- 
jutar carcinoma in long-term (>8 years) oral contraceptive users. However. these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision, onset of proptasis or diplopia, paplledema, or 
retinal vascular lesions, Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately 6 ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased nisk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommendad that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. It the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations contain Jower hormonal 
doses of estrogens and progestagens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Orai contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A smali proportion of women will have persistent hypertriglyceridema 
while on the pill, As discussed earher (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reportad in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase m blood pressure has been reported in women taking oral contraceptives. ard this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized triais have shown that the incidence of 
hypertension increases with increasing pragestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11, BLEEDING IRREGULARITIES 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic Measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. if pathology has been excluded, time or a change to another 
formulation may solve the problem. in the event of amenorrhea. pregnancy should be ruled out. Some 
women may encounter past-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These ohysical examinations should include special 
reference to blood pressure. breasts, abdomen and pelvic organs, including cervical cytology. and relevant 
laboratory tests In case of undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer ar who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL leveis and may render the control of hyperiipidemias 
more difficult. 3 LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function 4. FLUID RETENTION. Ora! contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditons which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS, Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6 CONTACT 
LENSES Contact jens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmotogist 7 ORUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin A similar association, though less marked, has been suggested with barbiturates. phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be atfected 
by oral contraceptives: a. Increased prothrombin and factors Vi VHI. IX. and X. decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding giodutin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG. free T4 
concentration ıs unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated ‘evels of total circulating sex steroids and carticaids. however free or 
biologically active levels remain unchanged. e. Tnglycenides may be increased. f Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives 9 CARCINO- 
GENESIS. See WARNINGS section 10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child Nave been reported, 
including jaundice and breast enlargement. In addition, orai contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality af breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophiebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients recening oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastromtestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes. tender- 
ness, enlargement, secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Choles jaundice. Migraine 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (Steepening). Intolerance to contact leases. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted 
Pre-menstrual syndrome. Cataracts Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism Loss of scaip hair Erythema multiforme. Erythema nodosum Hemorrhagic eruption 
Vaginitis. Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in Nido. Colitis 
OVERDOSAGE: Serious ii effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withcrawal bleeding may occur in 
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Estrogen redlaconiant therapy: An overview. E “a 7 1825 
Daniel R. Mishell, Jr., MD f %4 j 
Los Angeles; California 


Because supplementation with exogenous estrogen mitigates or prevents the undesirable and- 
often life-limiting sequelae of estrogen deficiency, nearly all postmenopausal women should 
receive estrogen replacement therapy.- 


Biosynthesis and Siveisioue effects of skogen and pathophysiologic i 1828 
effects of estrogen deficiency: A review. 


Wulf H. Utian, MD, PhD 
: Cleveland, Ohio ` l 


napne aiaa women experience v various health problems, such as cardiovascular disease, 
osteoporosis, neuroendocrine changes, and penis atrophy because of lack of estrogen 
production. 


Estrogen replacement therapy: Indications, FONKEN RANON, and agent E 1832 
selection . 7 


Morris Notelovitz, MD 
Gainesville, Florida 


Estrogens relieve deficiency-related symptoms, decrease the rate of fractures, and confer 
cardioprotection for postmenopausal women and have therefore roe beneficial to selected 
postmenopausal women. 


Estrogens in the prevention of osteoporosis in postmenopausal women _ 1842 
Harry K. Genant, MD, David J. Baylink, MD, and J. C. Gallagher, MD. i 
San Francisco and Loma Linda, California, and Omaha, Nebraska 


Estrogen replacement therapy started at menopanee prevents bone loss and reduces the risk of 
Saturs associated with menopause. 
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Estrogen replacement and cardiovascular disease: Serum lipids and i 1847 
blood pressure effects 

William R. Hazzard, MD 

Winston-Salem, North Carolina 


Estrogen use by postmenopausal women significantly improves lipoprotein profiles and has 
been associated with lower mobidity and all-cause mortality rates. , 


Compliance considerations with estrogen replacement: Withdrawal 1854 
bleeding and other factors Í 
Ricardo G. Hahn, MD 


Memphis, Tennessee 


Education is critical to the postmenopausal woman’s balanced view of the benefits and risks 
associated with her use of estrogen and her compliance with such a regimen. 


The cancer question: An overview of recent epidemiologic and 1859 
retrospective data 
Brian E. Henderson, MD 


Los Angeles, California 


Despite the potential risk of malignancies associated with postmenopausal estrogen use, 
survival in this population is prolonged by estrogen replacement therapy. 


Estrogen replacement therapy: What the future holds 1864 
Charles B. Hammond, MD 
Durham, North Carolina 


Several areas of research remain to refine our understanding and optimal use of hormonal 
replacement therapy in postmenopausal women. 
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Estrogen replacement therapy: An overview 


Daniel R. Mishell, Jr., MD 
Los Angeles, California 


Levels of circulating estrogen fall during the perimenopausal period, resulting in changes in the 
postmenopausal woman’s genitourinary tract, central nervous and cardiovascular systems, skin, and bone. 
Exogenous estrogen minimizes the benign symptoms and prevents the increased incidence of 
osteoporosis and atherosclerotic heart disease that accompany estrogen deficiency. Thus to avoid the 
recognized problems of estrogen deficiency, nearly all women should begin a lifelong course of estrogen 
replacement therapy during the perimenopausal period. (Am J OssteT GYNECOL 1989;161:1825-7.) 


Key words: Estrogen replacement therapy 


During menopause the ovarian follicles stop secret- 
ing estradiol into the circulation. Except in obese 
women, sufficient amounts of estrone will not be con- 
verted from androstenedione in peripheral adipose tis- 
sue to maintain premenopausal, physiologic levels of 
circulating estrogen. Therefore, untreated women may 
experience the consequences of estrogen deficiency (as 
summarized below), including changes in their geni- 
tourinary tracts, central nervous and cardiovascular 
systems, skin, and bone, during approximately one 
third of their average life spans. Because supplemen- 
tation with exogenous estrogen mitigates or prevents 
the undesirable and often life-limiting sequelae of es- 
trogen deficiency,'* nearly all postmenopausal women 
should receive estrogen replacement therapy. Given es- 
„ trogen’s high benefit-to-risk ratio in this setting, the real 
therapeutic challenge is to identify the few mappro- 
priate candidates for estrogen replacement therapy 
who are at increased risk for unwanted, adverse effects. 
Once these women are identified, the remainder can 


use estrogen replacement therapy so that they can con- ° 


tinue to enjoy the same quality of life they experienced 
before menopause. 
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End organ changes due to estrogen deficiency 
during menopause 


Estrogen deficiency may manifest as changes in a 
woman’s genital tract. The postmenopausal woman 
may complain of itching, bleeding, or dyspareunia, 
which are symptoms of atrophic vaginitis. She may also 
experience pruritus and pain from atrophic changes of 
her vulva (kraurosis vulvae). Loss of tone of supporting 
ligaments and elastic tissue can lead to uterine prolapse 
and hernias in the anterior (cystocele) and posterior 
(rectocele) vaginal wall. Estrogen replacement therapy 
can prevent the vaginal and vulvar atrophy associated 
with menopause and maintain the normal tone of sup- 
porting structures to the uterus and vagina. 

The untreated postmenopausal woman may also ex- 
perience dysuria and other symptoms associated with 
senile urethritis, a syndrome caused by atrophy of the 
bladder and urethral mucosa. Subsequent alterations 
in urethral and bladder pressure can cause urgency and 
stress incontinence and urinary frequency.’ Using ex- 
ogenous estrogens either prevents or relieves the uri- 
nary tract symptoms of menopause.*'° 

Hot flashes, the pathognomonic symptom of meno- 
pause and the one that mosi frequently prompts the 
postmenopausal woman to seek medical care, are usu- 
ally acute, short-lived events that initially occur several 
times daily, often during sleep." The rate of decrease 
in estrogen levels during the menopausal period is di- 
rectly related to the severity of hot flashes, which are 
the body’s homeostatic response to estrogen deficiency- 
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induced changes in central nervous system thermo- 
regulatory centers (i.e., peripheral blood flow increases 
and perspiration occurs in an attempt to dissipate heat). 
Thus women commonly experience hot flashes during 
the first 2 years of menopause, after which symptoms 
gradually subside. 

Women may experience symptoms of anxiety and 
depression more frequently during the menopausal pe- 
riod. In placebo-controlled trials, estrogen replacement 
therapy has proved effective in relieving hot flashes"? 
and symptoms of anxiety and depression.** 

The absence of estrogen may cause the skin to be- 
come thinner and more wrinkled due to less collagen 
in the dermis. Estrogen stimulates the synthesis of col- 
lagen, a protein that makes up 90% of the dermis. In 
postmenopausal women receiving estrogen replace- 
ment therapy, the collagen in their dermis is maintained 
at. premenopausal levels." 

Declining levels of estrogen during menopause lead 
to an increased rate of bone resorption and. greater 
urinary excretion of calcium," resulting in reduced 
bore density. Women may remain asymptomatic for 
about 10 years. By this time they have typically lost 15% 
of their bone mass,” setting the stage for fractures. 
Trabecular bone in the spine and distal radius are af- 
fected more rapidly than cortical bone in the axial skel- 
eton. Therefore, osteoporotic hip fractures usually be- 
gin to occur around the seventh decade of life, increas- 
ing exponentially after the age of 80 years. 

Postmenopausal osteoporosis affects approximately 
25% (5 million) of white and Oriental women. It occurs 
less frequently in obese women and in blacks. Wasser- 
man and Barzel'* estimated that in 1987 about 300,000 
hip fractures occurred in the American population, 
predominantly in women. The 6-month mortality rate 
associated with hip fractures approached 10%, and 
acute health care costs were estimated at $4 billion an- 
nually. One third of the patients with hip fractures 
required skilled nursing home care once discharged 
from the hospital, accounting for additional costs of $2 
billion per year. Estrogen replacement therapy not only 
prevents loss of bone mass,'”'® it also reduces the risk 
of bone fractures’ to a rate comparable to that in 
mer matched for age. 

Oral estrogen has a cardioprotective effect, most 
likely because it increases high-density lipoprotein cho- 
lesterol and reduces low-density lipoprotein cholesterol 
levels.” Estrogen replacement therapy reduces the in- 
cidence of myocardial infarction in postmenopausal 
women and prolonges their life span.” In numerous 
case-control and cohort studies, estrogen users have a 
crude and adjusted relative risk of cardiovascular dis- 
ease approximately half that of their untreated coun- 
terparts. These data have been further corroborated 
in a multicenter trial in which the use of estro- 


December 1989 
Am J Obstet Gynecol 


gens significantly reduced the cardiovascular disease- 
associated death rate per 10,000 women for each de- 
cade between the ages of 50 and 80 years; the age- 
adjusted relative risk of death due to cardiovascular 
disease in estrogen users was 0.34.” The relative risk 
of death due to stroke was also reduced by about 50% 
in postmenopausal women using estrogen.” 


Estrogen replacement therapy: Benefit 
versus risk 


The benefits of estrogen replacement therapy are 
clear, improving both the quality and the quantity of 
the postmenopausal woman’s life. Several studies have 
shown that estrogen users are less likely to die from all 
causes compared with nonusers. * Although estrogen 
replacement therapy’s benefit is greatest among women 
who have had oophorectomies, those who have intact 
uteri also benefit. 

Before we could universally recommend using this 
therapy in postmenopausal women, we had to resolve 
the question of an association between estrogen re- 
placement therapy and cancer. Most case-control stud- 
ies show that exogenous postmenopausal estrogen re- 
placement neither increases nor reduces the risk of 
breast cancer.” Furthermore, although unopposed es- 
trogen may cause endometrial cancer, the concomitant, 
appropriate use of a progestational agent not only pre- 
vents this risk but may also lower it to below that of 
untreated women.” 

Contraindications to estrogen replacement therapy 
include acute liver disease, previously diagnosed breast 
or endometrial cancer, and, probably, thromboembolic 
disorders. Chronic liver disease, obesity, and, possibly, 
a history of thromboembolism are relative contraindi- 
cations. 

We now generally consider that the benefits of es- 
trogen replacement therapy far outweigh its risks. To 
avoid the problems associated with estrogen deficiency, 
women should begin a lifelong course of estrogen re- 
placement therapy during the perimenopausal period. 


Summary 


Estrogen replacement therapy should be considered 
for all postmenopausal women. The goals of estrogen 
replacement therapy are to minimize the benign symp- 
toms and to reverse the predictable osteoporosis and 
atherosclerotic heart disease that can accompany estro- 
gen deficiency. In this way we hope to reduce the high 
morbidity, mortality, and health care costs associated 
with the sequelae of untreated menopause. 
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Biosynthesis and physiologic effects of estrogen and 
pathophysiologic effects of estrogen deficiency: A review 


Wulf H. Utian, MD, PhD 
Cleveland, Ohio 


Wamen are increasingly spending more years of their lives beyond the menopause, which places them at 
risk for various health problems due to estrogen deficiency. Tissues and organs with estrogen receptors 
such as the ovaries, endometrium, vaginal epithelium, hypothalmus, urinary tract, and skin are directly 
affected by a lack of estrogen production. Other tissues in which estrogen receptors have not been 
consistently identified, such as bone, are also affected by waning levels of estrogen. The postmenopausal 
woman frequently experiences neuroendocrine changes (hot flashes) that often dissipate over time and a 
steady rise in her risk of cardiovascular disease, which approaches that in men of Comparable age. (AM J 


OssteT GYNECOL 1989;161:1828-31.) 


Key words: Estrogen. deficiency, menopause 


In 1980, men and women aged 65 years or older 
represented 11.3% of the population, a percentage that 
is expected to increase.’ As the average life span of the 
American population continues to increase, the num- 
ber of women who live beyond the age of menopause 
is growing significantly. Currently there are about 230 
million people in the United States, of whom 118 mil- 


lion (51%) are women. About one third of these (39 | 


million) are 45 years old or older, and almost 13.5% 
(16 million) are 65 years old or older. 

What do all these statistics mean? Simply stated, com- 
pared with their ancestors, more women will live a sig- 
nificantly increasing number of years beyond meno- 
pause, placing them at risk for various health problems 
that can be caused by ovarian failure and a lack of 
estrogen production. 

The current median age of menopause is 50 years. 
However, approximately 8% of women undergo pre- 
mature menopause before the age of 40 years.? During 
the time of the climacteric (the phase in the aging of 
women that marks the transition from the reproductive 
to the nonreproductive stage of life), several months 
may pass between menstrual periods. This unpredict- 
able perimenopausal menstrual pattern makes identi- 
fying the onset of menopause difficult. Therefore, the 


diagnosis of menopause is usually made retrospectively . 


after a women experiences her last menstrual period. 
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Table I. World Health Organization definitions‘ 


Permanent cessation of menstruation 
resulting from loss of ovarian 
function 

Climacteric; the period immediately 
before menopause and at least 5 
years after menopause 

The period dating from the meno- 
pause, which can only be assessed’ 
in retrospect 


Menopause: 
Perimenopausal: 


Postmenopausal: 


Table I provides the World Health Organization stan- ` 
dard definitions of the terms menopausal, perimeno- 
pausal, and postmenopausal. 

Research has looked for factors that may influence’ 
the agë at which menopause occurs. For instance, 
women who smoke may have lower serum estrogen - 
levels than nonsmokers and, on average, may also ex- 
perience menopause at an earlier age. For the most 
part, directly associating specific factors as a cause for , 
early or late menopause is difficult because so. many 
variables exist. 


Physiology of menopause 

As a woman ages, ovarian function begins to fail. The 
number of follicles in the ovaries decreases, and less - 
estrogen is synthesized. A deficiency of follicular in- 
hibin and estrogen leads to decreased negative feed- 
back on the anterior pituitary gland, which results in an 
increase in levels of follicle-stimulating hormone and 
luteinizing hormone. In postmenopausal women, the 
amount of follicle-stimulating hormone present is 
greater than the amount of luteinizing hormone, ` 
which is the opposite of what is found in premeno- 
pausal women. Feedback sensitivity on the hypothala- 
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Table II. Potential problems of the 
untreated climacteric’ 


Target Organ | Possible symptom or problem 





Vulva Atrophy, dystrophy, pruritus 
vulvae 
Vagina Dyspareunia, blood-stained dis- 


charge, vaginitis 
Cystourethritis, ectropion, fre- 
quency and/or urgency, stress 
incontinence 
Uterovaginal prolapse 


Bladder and urethra 


Uterus and pelvic 


floor 
Skin and mucous Atrophy, dryness, or pruritus; 
membranes easily traumatized; loss of resi- 


lience and pliabiity; dry hair 
or loss of hair; minor hirsu- 
tism of face; dry mouth 
Voice changes (reduction in ùp- 
per register) 
Cardiovascular system Atherosclerosis, angina, and cor- 
onary heart disease 


Vocal cords 


Skeleton Osteoporosis with related frac- 
tures, backache 
Breasts Reduced size, softer consistency, 
drooping 
Neuroendocrine Hot flashes, psychologic distur- , 
system bances ' 


mus and anterior pituitary glands may also decrease . 


(Fig. 1). 

The predominant estrogen in premenopausal 
women is estradiol, which is produced primarily by the 
ovary. Estrone, a less active form of estrogen, is the 
predominant form in postmenopausal women. Most 
postmenopausal estrone is synthesized in the periphery, 
predominantly in adipose tissue, by the conversion of 
androstenedione to estrone (Fig. 2)°. 

As these hormonal changes occur, the amount of total 

circulating éstrogen may be reduced, with a potential 
decline in menstruation usually around the age of 40 
years. The decline’ manifests as irregular cycles with a 
lighter menstrual flow, less frequent menses, and finally 
a‘total absence of menstruation. If anovulatory cycles 
occur, the absence of progesterone can result in irreg- 
‘ularly heavy menstrual periods. 
-+ The tissues or organs directly affected by this relative 
estrogen deficiency are those with specific estrogen re- 
ceptors, such as the ovaries, endometrium, vaginal ep- 
ithelium, hypothalamus, urinary tract, and skin. Other 
tissues in which estrogen receptors have not been in- 
consistently identified, such as bone,*’ are nevertheless 
affected by a lack of estrogen (Fig. 3). Table II’ sum- 
marizes the resultant symptoms or problems that may 
occur when these various tissues and organs become 
estrogen deficient. 

Urogenital atrophy manifests as a loss of soft tissue 
elasticity and a decrease in muscle tone and secretions. 
Usually the uterus shrinks and the vagina undergoes 
progressive thinning and shortening, with a loss of the 
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Fig. 1. Feedback control of the anterior pituitary and ovary 
by the hypothalmus. LRF, Luteoiropin (or luteinizing hor- 
mone [LH]) releasing factor; FSRF, follicle stimulating re- 
leasing factor; FSH, follicle stimulating hormone. 


rugal pattern. These vaginal changes are a common 
cause of pruritis in postmenopausal women and they 
may be responsible for complaints of dyspareunia. Vag- 
inal atrophy also puts the woman at increased risk of 
vaginal trauma and infection. The increased risk of 
infection is probably due, in part, to the slight increase 
in vaginal pH associated with changes in the bacterial 
flora. 

Similar changes also occur in the urethra and the 
trigone area of the bladder. Urethral atrophy may lead 
to the “urethral syndrome,” in which women have a 
recurrent abacterial urethritis characterized by symp- 
toms of dysuria, frequency and urgency of urination, 
nocturia, and postvoid dribbling. 

Other atrophic changes may also occur. The amount 
of collagen in the skin decreases, and the skin becomes 
thinner. The breasts also diminish in size, become sof- 
ter, and may droop. 


Systemic problems related to menopause 


The risk of cardiovascular disease is higher in men 
compared with age-matched women before the age of 
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Fig. 2. Sources of estrogen during reproductive and postmenopausal life. (Reprinted with permission 
from Carr BR, MacDonald PC. In: Stollerman GH, Harrington WJ, Lamont JT, eds. Advances in 
internal medicine. Chicago: Year Book Medical Publishers, 1983.) 


Table ITI. Psychologic complaints of 
‘perimenopausal and postmenopausal women 






Genitourinary Tract 


Fig. 3. Tissues and organs affected by estrogen deficiency. _ 


40 to 45 years. During the perimenopausal period, the 
risk of cardiovascular disease in women begins to in- 
crease to a rate similar to that in men (Fig. 4).? The 
decrease in estrogen production is thought to be re- 
sponsible for this acceleration of risk. 

‘After cardiovascular disease, the most significant 
problem related to estrogen deficiency is osteoporosis. 
By the age of 80 years, about 25% of all women have 


Decreased energy and Mood fluctuations 


drive 
Difficulty concentrating Tension 
Irritability ; Depression 
Aggressiveness Introversion 


Sense of internal frustration 
and inadequacy 


Nervous exhaustion 


Intolerance of loneliness: Anxiety 
Marital troubles Headache 
Antisocial behavior pat- Insomnia 


terns 





sustained one or more fractures of the proximal femur, 
vertebrae, or distal radius. Hip fractures are associated 
with high morbidity and mortality rates. The manage- 
ment of hip fractures constitutes a large public health 
care expense and carries with it about a 20% mortality 
rate within the first year. 

Neuroendocrine problems are also relatively com- 
mon in perimenopausal and postmenopausal women. 
Hot flashes, which can begin several years before the 
actual menopause, Occur in 75% to 85% of climac- 
teric women. One postulated mechanism is that the 
temperature-regulating set point of the hypothalamus 


may be reset downward. Most women describe a sud- 


den onset of warmth and vasodilation, often visible as 
a red flush that is most apparent over the face and 
chest. The flush usually lasts from 30 seconds to 5 min- 
utes and may occur every few minutes or only once or 
twice a week. Other vasomotor symptoms include nau- 
sea, dizziness, weakness, headaches, palpitations, dia- 
phoresis, and night sweats. Women who experience hot 
flashes may also complain of sleep disturbances, char- 
acterized by an increased number of awakenings and 
increased fatigue. 
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Fig. 4. Incidence of coronary heart disease based on age and sex. (Reprinted with permission from 


Castelli WP. Am J Med 1984;76(2A):4-12.) 


Many other psychologic changes associated with 
menopause have been reported and studied. These 
changes are probably due to the interactive effects of 
endocrine changes, sociocultural effects, and psycho- 
logic factors in each individual. The complaints are 
usually multiple, vague, and nonspecific. They may be 
related to vasomotor symptoms and a lack of sleep. 
Table III lists a variety of complaints that perimeno- 
pausal and postmenopausal women report. The sever- 
ity of psychologic complaints during the menopausal 
years are usually mild, not continuous, and tend to 
fluctuate. 

Women may associate menopause with old age and 
feelings of asexuality. Hopefully, women’s attitudes, as 
well as society’s, are changing today to shatter the myth 
that women past the age of menopause lose their sex- 
uality. 


Summary 

A woman who is 50 years old today can expect to 
live to 89 years of age. By the year 2000, more women 
will be spending a larger percentage of their life beyond 
the age of 40 years. The numbers alone dictate ad- 
dressing the issues that surround menopause. There 
are still many myths to dispel and facts to discover that 
could promote a healthier, more productive life-style 
for women in this age group. Meanwhile, what we do 
know is that the benefits of estrogen replacement ther- 
apy can improve the quality of life for postmenopausal 
women. 
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Estrogen replacement therapy: Indications, contraindications, 


and agent selection 


Morris Notelovitz, MD 
Gainesville, Florida 


Three groups of indications exist for postmenopausal estrogen use: relief of symptoms related to estrogen f 
deficiency, osteoporosis prophylaxis and treatment, and cardioprotection. Estrogen replacement therapy 
enhances a woman's sense of well-being and reduces the morbidity, mortality, and health care costs 

associated with osteoporosis and atherosclerotic heart disease. There are a few absolute contraindications 

to estrogen replacement therapy. Many estrogen preparations are currently available in the United States. 
Establishing equivalencies among the different preparations is complicated by the many physiologic and 
pharmacologic effects of estrogens and the variety of treatment end points used. Most estrogens have the 
same biologic effect provided equivalent blood levels are achieved. Estrogen replacement therapy has 

proved beneficial to selected postmenopausal women. (Am J OssTeT GYNECOL 1989;161:1832-41.) 


Key words: Estrogen, menopause, indications, contraindications 


The average age at which menopause occurs is 50 
years. More than 30 million women in the United States 
are more than 50 years old, with an. average life. ex- 
pectancy of 81 years. Therefore, a women in the 
United States can expect to live more than one third 
of her life in the postmenopausal state.' Ovarian func- 
tion diminishes gradually; the climacteric (reproductive 
senescence) begins at about the age of 35 years and 
ends some 15 years after menopause.” In this context, 
menopause per se is a relatively inconsequential event. 
It does, however, herald the onset of changes that can 
have far-reaching consequences on future health, pri- 
marily cardiovascular disease and osteoporosis. This 

` review will summarize only a small fraction of the ex- 
tensive research on the use of hormone-additive® or 
estrogen replacement therapy. 


Indications 


Three groups of indications exist for the use of post- 
menopausal estrogens: symptoms related. to estro- 
gen deficiency such as vasomotor symptoms, atrophic 
changes of the vagina and other genitourinary tissues, 
and certain psychologic/mood changes; osteoporosis 
prophylaxis and treatment; and prevention of cardio- 
vascular morbidity and death. 
` The symptomatic menopause 

Hot flashes. Vasomotor “hot flashes” occur in 85% of 
perimenopausal women, 25% of whom will experience 
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symptoms sufficiently severe to prompt them to seek 
medical care.* In 82% of women the symptoms persist 
for more than 1 year.2 Most women do not require 
exogenous estrogens to control vasomotor symptoms 
for more than 3 to 5 years, although in some women 
symptoms persist for many years.** Estrogen replace- 
ment therapy for control of vasomotor symptoms 
should use the lowest possible dose that controls symp- 
toms; therapy can be tapered over a few years and then 
withdrawn. 

‘Vaginal atrophy. Atrophic changes of the vagina, ure- 
thra, and bladder base occur in virtually all women 4 
to 5 years after menopause. Symptoms include dys- 
pareunia, repeated vaginal infections, and dysuria. 
Twenty-five percent of women will seek medical atten- 
tion because of these symptoms.’ Unfortunately, symp- 
toms often recur when estrogen replacement therapy 
is discontinued, indicating that long-term or indefinite 
therapy may be needed.’ Again, the lowest effective 
dose for control of symptoms should be used. 

Psychologic changes. Mood changes such as irritability, 
depression, insomnia, impaired memory, and crying 
jags are common “hormone-related” symptoms that 
frequently precede and postdate menopause. In many 
instances these changes are estrogen dependent. Utian 
coined the phrase “mental tonic” effect to describe the 
sense of well-being that most women experience when 
taking exogenous estrogen. Depression may be due to 
numerous nonhormonal conditions; care must be taken 
to exclude those women with endogenous depression. 
A simple test is to give a trial dose of estrogen to patients 
who have no other stigmata of a central nervous system 
problem. If the patient improves, the therapy is con- . 
tinued; if not, an appropriate referral to a psychiatrist 
is warranted. Clinicians should remember that certain 
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progestins, especially medroxyprogesterone acetate, 
may “exacerbate” depression in susceptible women. 

Osteoporosis. A great deal of attention has focused 
on using estrogen replacement therapy for prophylaxis 
and treatment of osteoporosis. This interest is appro- 
priate given the significant impact this preventable dis- 
ease has on the health of countless menopausal women. 

Osteoporosis affects 15 tc 20 million Americans and 
accounts for 1.3 million fractures per year in the 
United States.*° The risk of vertebral fractures in white 
women is 25% by the age of 50 years; by the age of 75 
years the risk increases to 50%.’ Hip fractures represent 
the most serious complication of osteoporosis. Each 
year more than 120,000 elderly women sustain hip frac- 
tures; 15% to 17% die from associated complica- 

- tions.” Osteoporosis-associated health care costs are 
estimated to be $6 billion annually.® 

Normal bone metabolism and risk factors for osteoporosis. 
Put simplistically, two cell types influence the skeletal 
bone mass volume, the primary determinant of osteo- 
porotic fractures. Osteoclasts break down bone mineral 
and collagen, whereas osteoblasts lay down new bone 
tissue (osteoid). Both men and women reach maximal 
trabecular (vertebral) bone mass between the ages of 
25 to 30 years and maximal cortical (compact) bone 
mass by the age of 35 years. Thereafter, cortical bone 
mass undergoes a net demineralization of 0.3% to 0.5% 
per year. After menopause, however, women lose 2% 
to 3% of their cortical bone mass and 5% to 8% of their 
trabecular bone mass annually.’ An accelerated rate 
of bone loss (perimenopausal/climacteric) occurs 3 to 
6 years after menopause; the rate of bone loss decreases 
after the age of 65 years.“ A more. detailed overview 
of osteogenesis is available elsewhere.” 

After 15 to 20 years of bone loss, about 50% of tra- 
becular and 30% of cortical bone mass will have eroded. 
Asa result of this accelerated breakdown in bone mass, 
postmenopausal women are at high risk for the devel- 
opment of involutional osteoporosis. A number of tra- 
ditional risk factors for the development of osteopo- 
rosis are listed in Table I.'*'® We" and others have 
shown that these “risk factors” are rather insensitive, 
and that measuring bone mass is the only realistic way 
of identifying women at risk and quantifying their de- 
gree of bone mineral deficiency (osteopenia). This al- 
lows for appropriate and specific intervention, both 
hormonal and nonhormonal. 

Efficacy of estrogen replacement therapy in postmenopausal 
osteoporosis prophylaxis. It is clear that estrogen deficiency 
contributes to bone loss,” and that estrogen replace- 
ment therapy reduces loss of bone mineral.” Most 
importantly, this therapy reduces the risk of bone frac- 
tures.7) 27-84 x 

Several reviews have recently addressed the value of 
estrogen replacement therapy in treating postmeno- 
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Table I. Risk factors for osteoporosis 


Primary risk factors | Secondary risk factors 


White or Oriental race 
Women of Northern Europe 





Chronic renal failure 
Gastrectomy and in- 
testinal bypass 


Family history of osteoporosis Malabsorption syn- 


dromes 

Petite, small frame Multiple myeloma 
Poor nutrition Hyperparathyroidism 
Low calcium intake Hyperthyroidism 
Lack of physical activity Adrenocortical over- 

„activity 
Decreased weight and muscle Diabetes mellitus 

mass i 

Nulliparity Anticonvulsants (phe- 


nytoin) 
Aluminum antacids 


Premature or surgical meno- 
pause 


Cigarette smoking Thyroid extracts 


: (> 180 mg/day) 
Excessive alcohol intake 
High-fiber diets 
High-caffeine intake 
High-protein diet 
High-sodium diet 
High-phosphate diet 


pausal women.® © 1513. 33 For example, Weiss et al.” 
demonstrated a 50% to 60% reduction in the risk of 
fractures with the use of 0.625 to 1.25 mg of conjugated 
estrogens daily. Concomitant use of calcium may de- 
crease the minimum effective dose of estrogen neces- 
sary to prevent bone loss (Table II).'* In a study inves- 
tigating the effects of several pharmacologic treat- 
ments, estrogen replacement therapy in combination 
with vitamin D and calcium and/or fluoride produced 
the greatest. reduction in the rate of vertebral fractures 
compared with calcium and vitamin D alone or a cal- 
cium and fluoride combination (Table I1]).*! A consen- 
sus panel has recommended that estrogen replacement 
therapy be used in postmenopausal women at risk for 
osteoporosis,” 

If the impact of estrogen replacement therapy is 
clearly beneficial, why aren’t all women receiving such 
therapy? There are two main reasons. First, 75% of 
all postmenopausal women will not develop osteopo- 
rosis, so the clinical indication is not present. Also sig- 
nificant are women’s attitudes toward this therapy. In 
a recent survey, only 27% of postmenopausal women 
not receiving estrogen replacement therapy knew that 
estrogen deficiency was a risk factor for osteoporosis, 
compared with 89% of those taking estrogen replace- 
ment therapy, suggesting the need for further patient 
education. A physician’s recommendation of estrogen 
replacement therapy was highly associated with its use, 
suggesting that prescribers have a powerful role in in- 
fluencing decisions. Also, a woman’s concern about es- 
trogen’s side effects, an issue with a high degree of 
visibility in the lay press, may lead her to decide not to 
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Table II. Minimum effective estrogen dosages for preventing bone loss 











Estrogen 
(mg) 
17 B-Estradiol cream L5 
Micronized estradiol 2.0 
Conjugated estrogens ' ` 0.625 
Estrone sulfate 0.625 — 





Serum estradiol Estrogen (mg) 


level (pg/ml) plus calcium* 
50-60 — 
50-60 1.0 
50-60 > 0.3 
50-60 — 





Adapted with permission from Ettinger B. Obstet Gyrecol 1988;72(suppl):125-75; and Notelovitz M. Clin Obstet Gynecol 


1937;30:871-2. ; 


*Minimum amount of estrogen needed when given witk calcium to prevent bone loss (not assessed for estradiol cream). 


Table III. Rate of vertebral fractures in 
pastmenopausal women 









Fracture rate 
per 1000 


Treatment woman-years 






Placebo : 45 834 
Calcium and vitamin D 27 419 
Calcium, fluoride, and vitamin D 33 304 
Calcium, estrogen, and vitamin D 32. 181 
Calcium, estrogen, fluoride, and 28 53 

vitamin D ‘ 


Reprinted with permission from Riggs BL, Seeman E, 
Hadgson SF, et al. N Engl J Med 1982;306:446-50, by per- 
mission of The New England Journal of Medicine. 
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use of to discontinue use of estrogen replacement ther- 
apy.” Simply put, the following clinical guidelines 
should be followed: All women at high risk (especially 
low bone mass) should be treated with estrogen re- 
placement therapy; the remainder should be regularly 
monitored and treated if their rate or degree of 
“natural” bone loss is excessive. 

Cardiovascular disease. Concern about estrogen use 
and an increased cardiovascular risk has been tainted 
by the association with oral contraceptives. The asso- 
ciation is, at best, controversial; more likely estrogen 
replacement therapy has a beneficial effect on cardio- 
vascular disease risk. The use of synthetic estrogens in 
men (e.g, in treating prostatic carcinoma”) and case- 
control trials of birth control pills in women***’ reveal 
a positive correlation between exogenous estrogens and 
risk of cardiovascular disease. A recent report from the 
Framingham study suggested a relationship between 
postmenopausal estrogen use and an increased cardio- 
vascular risk. In contrast, most studies examinirg 
postmenopausal estrogen use show a reduction in car- 
diovascular risk or no effect.“ Indeed, animal daza 
demonstrate that estrogen treatment may retard the 
development of atherosclerotic coronary lesions.” 

Recent studies of estrogen replacement therapy have 
demonstrated the potential benefit of estrogens on the 
ris< of cardiovascular disease. In three important trials, 
a risk reduction for stroke,” myocardial infarction,” 
and cardiovascular death” was associated with this ther- 


apy’s use. Estrogen replacement therapy was associated 
with a relative risk for death from stroke of 0.53; recent 
users (those using estrogens at the time of the ques- 
tionnaire) had a relative risk of 0.21. In another anal- 
ysis therapy was associated with a 41% reduction in 
deaths and a 29% reduction in morbidity due to acute - 
myocardial infarctions.” Finally, in an 8.5-year mean 
follow-up period, estrogen replacement therapy was 
associated with a relative risk of cardiovascular death 


of 0.54," 


Several postulates have been advanced to explain this 
decrease in cardiovascular death. By far, the lead- 
ing hypothesis is an estrogen replacement therapy— 
induced reduction in low-density lipoprotein (LDL) 
cholesterol and an increase in high-density lipoprotein 
(HDL) cholesterol.” Estrogens ‘increase HDL, cho- 
lesterol and its associated apolipoproteins, Al and A2.* 
This effect occurs with both oral and nonoral ethinyl 
estradiol,” but with only oral (not vaginal) conjugated 
estrogens." Percutaneous estradiol cream reduced total 
and LDL cholesterol, but did not change HDL choles- 
terol.” To date, the transdermal patch has not pro- 
duced as favorable an effect on lipids and lipopro- 
teins.* 60, 61 

Synthetic progestins have an effect opposite to that 
of estrogens on lipoproteins: HDL cholesterol is de- 
creased and LDL cholesterol is increased.® At conven- 
tional doses, progestins appear to ameliorate or abolish 
estrogen’s beneficial effect on lipoproteins, a critical 
predictor of coronary heart disease risk.“ In one 
study the addition of a “naturalized” oral micronized 
progesterone at a dose of 200 mg/day to percutaneous 
estradiol for 12 days per cycle resulted in no further 
change in total and LDL cholesterol and an increase in 
HDL cholesterol.” The same was noted in an 18-month 
study involving naturally menopausal women using cy- 
clic conjugated equine estrogen (both 0.625 and 1.25 
mg) and a 7-day course of 10 mg medroxyprogesterone 
acetate for week. A practical point: Patients with an 
intact uterus who are at risk for cardiovascular disease 
should be given relatively “high-dose” daily estrogen 
replacement therapy (e.g., 1.25 mg conjugated equine 
estrogen) and cyclic progestins (e.g., 5 mg medroxy- 
progesterone acetate for the first 2 weeks of each 
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Table IV. Cautions and contraindications to estrogen replacement. therapy 








Cardiovascular disease 
Recent myocardial infarction 


Recent cerebrovascular accident or transient ischemic attack 


Established ischemic heart disease 
Hypertension 
Liver disease 
Acute, marked disease 
Chronic disease 
Gall bladder disease 
Estrogen-dependent tumors 
History of or active malignant breast cancer 
History of benign breast tumor 
- Endometrial cancer, poorly differentiated 
Endometrial cancer, early, well differentiated 
Thromboembolic disease 
Recurrent, active, or spontaneous 
Single episode, recent 
Postoperative, several years past 
Diabetes mellitus - 
Hyperlipidemia 
Pancreatitis 
Migraine headaches 
Epilepsy ` 
Leiomyomata 















Nota 
contraindication 


Relative 
contraindication 


Absolute 
contraindication 


Xx 
x 
x 
X 
. X 
X, 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
xX 
X 
X 
X 





month). A recent study has shown that a regimen 
similar to this results in an overall increase in plasma 
HDL-cholesterol. Most hysterectomized menopausal 
women do not need added progestins. 

We have generally believed that hypertension, by far 
the most significant risk factor for stroke, is a relative 
contraindication for estrogen replacement therapy. 57 
However, Paganini-Hill et al.” reported a reduction in 
the incidence of mortality from stroke in estrogen re- 
placement therapy users with and without histories of 
hypertension. Indeed, although some women may ex- 
perience an elevation in blood pressure when given 


estrogens, most studies report a reduction in blood’ 


pressure with this therapy.’° Thus some experts do 
not feel that hypertension is a contraindication to ther- 
apy.” There may be a difference between the “natural 
estrogens” and their more potent synthetic counter- 
parts, because ethinyl estradiol stimulates renin sub- 
strate and thus may pose a risk." Progestins, on the 


other hand, can produce a dose-related elevation in 


blood pressure.” 

Another possible mechanism for estrogens’ beneficial 
effect on cardiovascular disease is enhanced prostacy- 
clin production, resulting in vasodilatation. This effect 
is also opposed by progestins.” 


Contraindications 

There are few absolute contraindications to estrogen 
replacement therapy: recent myocardial infarction, ce- 
rebrovascular accident or transient ischemic attack, and 


recurrent, active, or spontaneous thromboembolic dis-. 


ease (Table IV). Acute liver disease, history of or active 





breast cancer, and poorly differentiated endometrial 
cancer are other, noncardiovascular-related contrain- 
dications. 

Breast cancer. Disagreement exists regarding the 
possible association of estrogen replacement therapy 
and breast cancer. Some investigators have demon- 
strated a small but significant increase in risk of breast 
cancer,” whereas others have concluded that estrogen 
therapy does not increase the risk of breast cancer and 
may, in fact, improve the prognosis of those in whom 
breast cancer develops during therapy.” Others feel 
that whereas high doses of estrogens may be associated 
with a slight increase in risk of breast cancer, low doses 
(<0.625 mg/day of conjugated estrogens) may not be 
associated with such a risk.” 74” However, most believe 
that estrogen replacement therapy is absolutely con- 
traindicated in patients with breast cancer.” "8 Although 
some feel that only women with surgically removed 
benign breast tumors are at increased risk,” all women 
taking this therapy should be encouraged to practice 
monthly breast self-examination, to be examined yearly 
by a physician, and to have regular mammograms. The 
potential protective role of added progestins is still not 
clear. l 

Endometrial cancer. In 1987 there were 35,000 new 
cases of endometrial cancer in the United States and 
2900 deaths from endometrial cancer. The disease is 
usually diagnosed at an early stage; those with stage 1 
disease have a 92% 5-year survival rate and those with 
stage 2 disease have an 84% 5-year survival rate.” The 
first reports of an association between endometrial can- 
cer and estrogen use were published in 1975.” *° This 
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Table V. Estimated changes in mortality rates associated with high- or moderate-dose estrogen 
replacement therapy in women 50 to 75 years old 















High-dose ERT Moderate-dose ERT 








Change in 
‘mortality/ 100,000 


Change in 
mortality! 100,000 





Condition 








Osteoporotic fractures 04 > — 563 0.4 — 563 
Gallbladder disease 2.0 - +3 1.5 +2 
Endometrial cancer 7.0 "+ B78* 2.0 +63* 
Breast cancer 1.5 +938 1 +187 
Ischemic heart disease L.Ot 0 1.0 0 
Net change +756 —311 





Reprinted with permission from Ross RK, Paganini Hill A, Mack TM, Henderson BE. In: Mishell, DR, Jr, ed. Menopause: 
physiology and pharmacology. Chicago: Year Book Medical Publishers, 1987:209-23. 

RR, Relative risk. 

*Case-fatality rate for estrogen-induced endometrial cancer estimated at 0.05. 

+More recent studies have demonstrated a risk reduction for ischemic heart disease. 


Table VI. Estimated annual mortality rate changes due to estrogen replacement therapy with low-dose 
(0.525 mg/day conjugated estrogens) alone or with 10 days of progestin per month (therapy given 
for 10 years) , 









Estrogen replacement 
therapy + progestin 





Estrogen replacement therapy 





Annual mortality 















rate/100,000,  - Change in Change in 
Condition ages 65-74 yr mortality/ 100,000 RR mortality! 100,000 

Osteoporotic hip fractures 55 0.40 ~33 ° 0.28* —40 
Endometrial cancer "424 6.00 . + 264 1.00 0 
Breast cancer 102 1.60 +61 1.60 +61 
Ischemic heart disease 592 0.52 ` = 284 0.69 — 184 
Net change in mortality rate 

Nonhysterectomized ~ 230 i — 163 

Hysterectomized — 256 — 163 








From Henderson BE, Ross RK, Lobo RA, et al. Fertil Steril 1988;49(suppl):9S-15S. Reproduced with permission of the publisher, 


The American Fertility Society. 
RR, Relative risk for 10 years of tse, 


*Estimated on the assumption that hip fracture does not increase with age when hormonal replacement is used. 


tNonhysterectomized women. 


$Case-fatality rate for exogenous estrogen-induced endometrial cancer estimated at one eighth the normal rate. 


risk has been well established: Estrogen users have a 
four- to eightfold increase (range two- to twenty- 
fold)* 5-7922 in risk of developing endometrial cancer 
-compared with those not taking estrogens. 

The risk is related to many factors, including dura- 
tion of use, dosage (Table V)”, method of administra- 
tion, drug-free interval, and concomitant progestin use. 
In one evaluation, a dose of 0.625 mg/day of conju- 
gated estrogens was associated with a 1.8-fold increased 
risk, whereas a dose of 1.25 mg/day was associated with 

- a 12.7-fold increased risk. These same investigators 
` also determined that duration of therapy correlated 
with risk: Those using estrogens for less than 5 years 
had no increase in risk, those with a 5- to 9-year usage 
history had a 4.1-fold increase in risk, and those with 
more than 10 years of use had an 11.6-fold increased 
risk. A drug-free interval of 4 days per month was 
associated with a reduction in risk compared with con- 


` tinuous use,®!* although other investigators have noted 


no difference in the rate of endometrial hyperplasia 
with cyclic (3 weeks on, 1 week off) estrogen therapy 
compared with continuous therapy.” An increased risk 
of endometrial cancer persists after discontinuation of 
therapy." 

Two studies published in 1979 determined that using 
a progestin with the estrogen was associated with a risk 
of endometrial cancer comparable to that of post- 
menopausal women not receiving hormonal ther-- 
apy.” *5 In one study a high dose of estrogen was used 
(2.5 mg/day conjugated estrogen) with 10 mg/day 
medroxyprogesterone acetate for 7 days per cycle.” 
When unopposed by progestins, estrogen promoted 
endometrial hyperplasia. Because progestins confer 
protection, concurrent progestin therapy with estrogen 
replacement therapy, either for a few days per month 
or continuously, is generally recommended and prac- 
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Table VII. Estrogen preparations 
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Brand 
Generic name name Components Available doses 
Natural 
Micronized estradiol Estrace 100% 17B-Estradiol* 1 mg, 2 mg 


Estropipate (piperazine Ogen 
estrone sulfate} 
Equine estrogen 


100% Estrone sulfate 


50%-60% Estrone sulfates; 22.5%-32.5% 
sodium equilin sulfate; 7.5%-20% un- 


0.625 mg, 1.25 mg, 2.5 mg, 5 mg 


0.3 mg, 0.625 mg, 0.9 mg, 1.25 
mg, 2.5 mg 


0.02 mg, 0.05 mg, 0.5 mg 


Conjugated estrogens Premarin 
specified conjugated estrogens 
Synthetic f } ; 
Ethinyl estradiol Estinyl 100% Ethinyl estradiol 
Diethylstilbestrol DES 100% Diethylstilbestrol 


0.1 mg, 0.5 mg (higher doses 
used for other indications) 





*Converted to estrone sulfate during absorption. 


ticed.* 7576 Others oppose the addition of a progestin 
because endometrial cancer is relatively rare and is non- 
fatal in most cases and because progestins oppose the 


beneficial lipoprotein effects of estrogens. A nonclinical . 


study comparing a low-dose estrogen regimen with a 
combination regimen showed a higher relative risk of 
endometrial cancer but a greater net reduction in 
deaths (based on cardioprotective effects) for the group 
taking estrogen alone (Table VI).” The question of 
progestin supplementation remains controversial,** 73 
but most physicians prescribe a 10-day cyclic course of 
progestins with long-term estrogen replacement ther- 
apy in women with an intact uterus. 

_Coagulation and thrombosis. Estrogens produce sev- 
eral effects on coagulation, complicating determina- 
tions of their exact net effect. Estrogen tends to reduce 
endothelial prostacyclin production.” Synthetic estro- 
gens may specifically or preferentially increase pros- 
tacyclin activity, but this area requires further investi- 
gation.® Progestins may increase® or reduce” prosta- 
cyclin activity. Because thromboxane has the opposite 
effect and in addition increases platelet adhesiveness, 
women taking estrogen replacement therapy (especially 
those with high-risk profiles) should take 60 to 80 mg 
of aspirin every other day. This low dose inhibits throm- 
boxane synthesis more than that of prostaglandin, al- 
lowing the latter to exert its preventive effect on blood 
flow and platelet adhesion. 

Platelet aggregation is generally unchanged by es- 
trogens,®! although one study demonstrated an in- 
crease.” Virtually all clotting factors have been shown 
to be elevated in women receiving synthetic estrogens 
(ethinyl estradiol, diethylstilbestrol), with factors II, 
VII, IX, X, XII, and fibrinogen being elevated most 
frequently. This phenomenon is primarily related to 
the potency of the estrogen used. The elevations are 
more marked with ethinyl estradiol and Jess marked 
with the estriol-containing agents.” Clotting factor el- 
evations were not observed in women receiving estro- 
gen via patches® or ointment.” 


Table VIII. Serum estrogen levels 24 hours 
after 25 days of treatment with estrone sulfate, 


. conjugated estrogens, or estradiol 








Total Total 

estradiol estrone 

(pg/ml) (pg/ml) 
Baseline 10 37 
Estrone sulfate 34 125 
Conjugated estrogens 40 153 
Micronized estradiol 40 150 


From Lobo RA. Obstet Gynecol Clin North Am 1987; 
14:143-67. © 


No clinically significant increase in coagulation fac- 
tors has been observed with the use of the natural es- 
trogens.* 99 For example, the alterations in clotting 
factors seen with 30 wg/day of ethinyl estradiol did not 
occur with 3 mg/day of estrone sulfate.**™ Despite their 
effect on clotting factors, estrogens do not lead to a 
hyper coagulable state; the observed increase in clotting 
factors occurs because proenzymes remain inactive un- 
til exposed to injured endothelium, Antithrombin IH 
is not reduced to clinically relevant levels by either oral 
estrogen replacement therapy or transdermal estro- 
gens.” Clinical trials have not shown any increase in 
risk of thromboembolism in postmenopausal women 
receiving estrogen replacement therapy.” 

Plasminogen, a major factor in the fibrinolytic path- 
way, and especially plasminogen actiyity are elevated 
by estrogen administration. This effect, which is en- 


- hanced by combination estrogen/progestin therapy,” 


is seen even with low-dose oral contraceptives.” This, 
combined with the persistence of normal antithrombin 
III activity, ensures against inappropriate venous 
thrombosis. 

Neurologic effects. Beopens may potentiate head- 
aches and migraines. In one, trial of 87 women who 
experienced migraine headaches while receiving estro- 
gens, 58% experienced a reduction in symptoms with 
a dose reduction. The mean latency period was ap- 
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Table IX. Relative potencies of five estrogens according to four parameters 









Estrogen 


Piperazine estrone sulfate* 1.1 
Estradiol 1.3 
Conjugated estrogens 14 
Diethylstilbestrol 3.8 


Ethinyl estradiol (80-200) 






_ Serum 
angiotensinogen 


1.0 1.0 1.0 

1.9 -1.0 0.7 

25 3.2. 3.5 
70 28 13 
(1000)t 614° 232 








Reprinted with permissioh from Mashchak CA, Lobo RA, Dozono-Takano, R, et al. AM J OBSTET GYNECOL 1982;144:511-8. 
FSH, Follicle- -stimulating hormone; CBG, corticosteroid-binding globulin; SHBG, sex hormones binding globulin. 


*Used as a standard. 
+Estimate in the absence of parallelism. 


proximately 4 weeks.” Thus reducing the dose may 
relieve migraine headaches, a relative contraindication 
to the use of estrogens. Parenteral testosterone admin- 
istration often alleviates this infrequent, but trouble- 
some, side effect (Gambrell RD, personal communi- 
cation, 1989). ` 


Agent selection: differences 

between preparations’ . 

Alternate routes of administration. Estrogens are 
well absorbed transdermally and from deposition in 
subcutaneous fat. These routes circumvent a first-pass 
Hepatic effect. Intravaginal administration, of conju- 
gated estrogens, when corrected for dose, results in less 
stimulation of hepatic proteins;* with ethinyl estradiol, 
circumventing the portal pathway does not affect he- 
patic protein production.” Estrogens’ stimulation of 
hepatic proteins, however, results in no apparent clin- 
icdl disadvantage. The proved decrease in cardiovas- 
cular risk is in fact based on the use of oral estrogen, 
possibly (in part) by its pharmacologic effect on the liver 
and its ability to synthesize the cardioprotective lipo- 
protein HDL cholesterol. 

Estradiol pellet implants may be. useful for relatively 
noncompliant patients, as these deliver steady levels of 
estradiol for 4 to 6 months.® In one study, 25 mg of 
178-estradiol (delivering an estradiol level of 60 pg/ml) 
was as effective as a 50 mg dosé (delivering estradiol 
levels of 80 to 100 pg/ml) in maintaining bone mass." 

Estrogen preparations. Three classes of estrogens 
are used for estrogen replacement therapy in the U.S: 
(Table VII). Natural estrogens include estradiol and 
estrone. 178-Estradiol is not well absorbed except in a 
micronized form. Adequate estrogen levels may be at- 
tained when other forms of micronized estradiol (Es- 
tracé) are administered. However, becausé of the en- 
terohepatic conversion of estradiol to estrone, the pri- 
mary estrogen in the peripheral circulation is estrone. 
Estrone is administered as estrone sulfate (Ogen). Con- 
jugated estrogens (Premarin) contain up to 33% equine 
estrogens, primarily equilin sulfate. The synthetic es- 
trogens are ethinyl estradiol (Estinyl) and diethylstil- 


bestrol. Because of a potent first-pass effect, a reduction 
in’ bioavailability of up to 30% occurs with any oral 
estrogen. Except for piperazine estrone sulfate (Ogen), 
all oral estrogens are converted primarily to estrone.* 
When Lobo’ measured free and total serum estradiol 
levels and total estrone levels after 25 days of oral ad- 
ministration of 0.625 mg of conjugated estrogens or 
piperazine estrone sulfate or 1 mg of estradiol, values 
for the three products were similar (Table VIII).* 

Establishing equivalencies among different estrogen 
preparations is complicated by the marty physiologic 
and pharmacologic effects of estrogens and the various 
end points of treatment measured. Estrogen potency 
can be measured in terms of gonadotropin suppression 
(luteinizing hormone and follicte-stimulating hormone) 
and. hepatic protein production (angiotensinogen, 
corticosterdid-binding globulin, and sex hormone- 
binding globulin). 

Potency can also be measured in terms of a reduction 
of urinary calcium. corrected for urinary creatinine, a 
measure of prevention of bone demineralization. Ad- 
ditionally, estrogenic potency can be assessed in terms 
of maturation of vaginal epithelial cells. Investigators 
have attempted to quantify estrogenic potency using 
one or more of these parameters and to compare dif- 
ferent agents using these measures.5* 910 

In a study involving 23 healthy postmenopausal 
women, Mashchak et al." found that the potencies of 
five estrogen préparatioris differed depending on 
which parameter was used to measure potency (Table 
IX). At doses that produced comparable effects on se- 
rum follicle-stimulating hormone, piperazine estrone 
sulfate and micronized estradiol had less of an effect 
on hepatic protein stimulation than the other prepa- 
rations. For example, conjugated estrogens had a 2.5- 
to 3.5-fold greater stimulatory effect on serum 
corticosteroid-binding globulin, sex hormone—binding 
globulin, and angiotensinogen compared with estrone 
sulfate and micronized estradiol. No dose-response 
relationship was found for leutenizing hormone 
suppression in this study; this effect may likely have 
been obscured by interpatient variation. 
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Most estrogens have the same biologic effect, irre- 
spective of the type or route of administration, pro- 
vided equivalent blood levels are reached. The route 
of administration may alter the patient’s response. 

Combination therapy. The scope of this article pre- 
cludes appropriate discussion of combined therapy 
with estrogen; only two of the commonly prescribed 
preparations (calcium and progestins) will be discussed. 

Combination of estrogens with calcium and bone loss. The 
coadministration of 1500 mg/day of elemental calcium 
with 0.3 mg of conjugated equine estrogen was as ef- 
fective as 0.625 mg of estrogen without calcium in 
maintaining bone mass.” "> '* Thus when calcium is 
added to the regimen, lower doses of estrogens may be 
effective. Given the decreased likelihood of low-dose 
estrogens to stimulate the endometrium, this approach 
may be more acceptable to elderly women who are 
averse to menstruation (induced by the need for pro- 
gestins when higher doses of estrogen are used). 

Combination of estrogens with progestins. Progestins may 
exert antiresorptive effects on bone® and may act syn- 
ergistically with estrogens to increase bone mass.’ Me- 
gestrol acetate, 80 to 160 mg/day, slows the rate of bone 
loss and may be useful when estrogens are contrain- 
dicated." 

Cyclic therapy with estrogen and progestin can result 
in resumption of menses, a “side effect” few women 
relish. Making menses regular and predictable or 
achieving amenorrhea improves acceptance. To regu- 
late menses, one can administer estrogen on a daily 
basis with progestin added for the first 2 weeks of each 
month or give medroxyprogesterone acetate, 10 
mg/day, for the last 10 days of each cycle.'* Alterna- 
tively, estrogen and progestin can be given contin- 
uously (e.g., estrone sulfate or conjugated estrogen, 
0.625 mg/day, plus medroxyprogesterone acetate, 2.5 
mg/day)."* This regimen will cause some withdrawal 
bleeding over the first 6 months, usually followed by 
amenorrhea.'” Restricting the number of endometrial 
biopsies also helps. Provided the patient bleeds at ap- 
propriate times (e.g., from day 12 or after when taking 
cyclic progestins), some experts advise against biopsy. 
However, taking two biopsies may be prudent, with one 
3 months after starting estrogen replacement therapy 
and the other 1 year later.“ Women taking estrogen 
replacement therapy alone require yearly biopsies. All 
patients with “abnormal” bleeding need further testing 
through curettage with or without hysteroscopy. 


Conclusion 


Estrogen replacement therapy enhances a woman’s 
feeling of well-being and reduces the morbidity, mor- 
tality, and health care costs associated with osteoporosis 
and atherosclerotic heart disease. Menopause is often 
referred to as an endocrinopathy, thus justifying the 
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“routine” use of estrogen. Postmenopausal women do 
not, however, have a “disease.” Many nonhormonal 
interventions—primarily nutrition and exercise— 
impact positively and equally well on well-being, bone 
metabolism, and cardiovascular fitness and can (and 
should) be used as substitutes for or additions to med- 
ical treatment. 

It is only appropriate and fair that both the patient 
and the physician be more fully aware of this fact, and 
that hormonal therapy (estrogen alone or in combi- 
nation with a progestin) be used on an individual and 
selective basis in postmenopausal women. 
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Estrogens in the prevention of osteoporosis in 


postmenopausal women 


Harry K. Genant, MD, David J. Baylink, MD, and J. C. Gallagher, MD" 
San Francisco and Loma Linda, California, and Omaha, Nebraska 


Menopause-related bone loss leaves a woman at high risk for fractures. Estrogen use by postmenopausal 
women, especially when started within 3 years of the last menstrual period, prevents bone loss and 
reduces the risk of osteoporotic fractures. Estrogens do not restore lost bone. Withdrawal of estrogen 
therapy is followed by significant bone loss, thus suggesting that long-term therapy is needed. 
Concomitant progesterone therapy does not impair estrogen's bone-preserving activity. (Am J OBSTET 


GYNECOL 1989;161:1842-6.) 


Key words: Estrogen, menopause, osteoporosis 


Osteoporosis currently affects between 15 to 20 mil- 
lion individuals in the United States. About 1.2 million 


fractures occur annually as a result of osteoporosis, - 


disabling many elderly adults.’ Vertebral crush frac- 
tures are the most frequent fractures, accounting for 
50% of all fractures, The risk of sustaining a crush 
fracture is high, with 25% of individuals over 70 years 
old showing radiographic evidence of these fractures. 
About 5% to 10% of these patients remain asymptom- 
atic.? Osteoporosis may also account for 150,000 to 
200,000 hip fractures annually in the United States, 
with about 80% resulting from minor trauma. Ap- 
proximately 10% of patients with hip fracture die 
within 6 months of the fracture due to surgical com- 
plications; another 100,000 to 150,000 patients require 
institutionalization for rehabilitation after the hip frac- 
ture.” The total health care costs for fractures in the 
United States are estimated to be about $6 billion an- 
nually. 


Bone turnover and postmenopausal loss 


The skeleton consists of two bone types: cortical 
bone, which is responsible for 80% of the total bone 
mass, and trabecular bone, whose honeycomb structure 
provides greater surface area per unit volume than 
does cortical bone. Because the kinetic process of bone 
resorption and formation (i.e., turnover) occurs on 
bone surfaces, trabecular bone turns over more rapidly, 
perhaps four to eight times as fast as cortical bone.’ 
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Table I. Minimum dosages of estrogen to 
prevent postmenopausal bone loss 


Estrogen preparation Effective dose (mg) 








Conjugated equine estrogens 0.625 
Ethiny! estradiol 0.02 
Estrone sulfate 0.625 


During the years the skeleton is maturing, and before 
the perimenopausal period, the amounts of bone re- 
sorbed and formed remain approximately equal. Once 
a woman reaches about 40 years of age, resorption 
begins to exceed formation by about 0.5% per year. 
When menopause begins, the amount of bone being 
resorbed increases sharply, while the amount being 
formed increases only moderately.’ Consequently, each 
year losses of 1% to 3% of cortical bone and up to 5% 
of trabecular bone occur. The accelerated erosion of 
bone lasts about 10 to 15 years, after which bone loss 
is considerably diminished. Bone loss may actually stop 
after the eighth decade.’ 

Menopause-related bone loss results in a 15% to 30% 
decrease in trabecular bone and a 10% to 15% reduc- 
tion in cortical bone.‘ Therefore, estrogen deficiency is 
responsible for one third to one half the bone lost dur- 
ing a woman’s lifetime. Over 20 years, 50% of trabec- 
ular and 30% of cortical bone mass will be lost. This 
kind of reduction in total bone mass leaves a woman 
at high risk for fracture. By the age of 70.years, 15% 
of women will experience a wrist fracture, 25% a ver- 
tebral fracture, and 15% a hip fracture. 


Mechanism of estrogen’s actions 


The precise mechanism by which estrogen prevents 
bone loss is not known. Exogenous estrogen adminis- 
tration reverses the biochemical changes associated with 
estrogen withdrawal, including decreases in serum cal- 
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Table II. Studies demoristrating beneficial effect of estrogens in oophorectomized women | 





Daily estrogen 





Study Patients . dose . Study design — 
Aitken et al.” 50 Control Mestranol aver- Prospective; _ 
(1973) 53 Treated age dose: randomized, 
23 pg double-blind, 
controlled 
Meema 29 Control « 0.625 or 1.25 Prospective, 
et al.” 53 Treated img CEE nonrandom- 
(1975) : ized, uncon- 
a trolled . 
Lindsay et al. 57 Control Mestranol mean Prospective, 
(1976) 63 Treated daily dose: double-blind 
24.8 wg 
Lindsay 14 Control Mestranol mean Prospective, 
et al.” 27 Treated daily dose: double-blind, 
(1978) 27.6 wg controlled 
Lindsay 42 Control Mestranol mean Prospective, 
et al. 58 Treated daily dose: double-blind, 
(1980) 23.3 yg; controlled 
range 1 to 
aa ay 30 pg 
Genant 9 Control CEE, 0.15 to Prospective, 
et al.” 27 Treated 0.6 mg double-blind, 
(1982) controlled 





` Stùdy 


duration (yr) Comments 


Bone measurement 


Sixteen patients in 
treated group 
and 15 in. con- 
trol group com- 
pleted <1 year 
of the sttüdy 


I Radiographic morpho- 
metry of hand; pho- 
ton absorptiometry of 
third metacarpal 


Radiographic densito- 


4+ _No breakdown of 
metry of third meta- patients receiv- 
carpal ing 0.625 mg 
a vs., 1.25 mg 
5 Photon absorptiometry: | Midradius photon 
midpoint of third absorptiometry 
metacarpal, right ` was performed 
hand in 46 of 63 
treated patients 
3 yeärs after 
entering the 
; : study 
8 Same as above Patients studied 
were part of 
original sample 
described in 
ee. reference 6 
9. Same as above; also Same as above 
- photon absorptiome- 
try of the midradius 
2 Radiogrammetry of sec- Several CEE doses 


ond metacarpal mid- were used: 0.15 


shaft; photon absorp- mg (n = 8), 0.3 
tiometry of distal ra- mg (n = 6), 
dius; CT of spine 0.45 mg 
(n = 8), 0.6 mg 
(n, = 6); deter- 


mined a dose- 
response curve: 
doses <0.6 mg 
were adequate 
- to prevent, ver- 
tebral bone loss 











CEE, Conjugated equine estrogen; CT, computed tomography. 


cium, phosphorus, alkaline phosphatase, and aoe: 
citi levels and urinary output of calcium and hydroxy- 
proline.” Conflicting changes are seen in the regulatory 
hormones that control calcium homéostasis. Levels of 
parathyroid hormorie have been shown to fall, al- 
though data on this issue are conflicting. 

All estrogens are probably not equally effective 
against postmenopausal. bone loss (Table I) because 
they have different potencies depending on the end 
organ being studied.’ Lindsay et al.° found that 25 ug 
of mestranol was needed to prevent bone loss; 0.625 
mg is the accepted dose of conjugated estrogens. 

As previously mentioned, estrogen, déficiency in- 
creases the raté of bone resorption, resulting in more 
remodeling sites. Estrogen use by a. postmenopausal 
woman stabilizes bone density by preventing further 
loss.”® This phenomenon can best be explained by con- 
_ sidering what occurs during the remodeling cycle: Es- 
trogen reduces the rate of bone resorption, allowing 


the normal mineralization of the remodeling unit. Once 
tesorption and formation return to equilibrium, usually 
in 6 to 24 months, bone mass stabilizes due to a slower 


turnover raté and an improvement in the coupling of 


bone formation to resorption. However, despite their 
preventative effects, estrogens do not restore lost bone; 
thus áa woman with poor skeletal density at menopause . 
-may still be at risk for fractures even with estrogen 
replacement. 


Prevention of bone loss after oophorectomy 

Some 50 years have passed since Albright et al.’ first 
described osteoporosis as a.consequence of ovarian fail- 
ure or removal. Estrogen deficiency’s major role in the 
pathogenesis of postmenopausal osteoporosis is now 
well appreciated. Oral estrogen replacement therapy is 
the only consistently effective modality currently avail- 
able to prevent bone loss after either oophorectomy or 
menopause. ` 
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‘Table III. Studies showing positive effects of estrogens on bone loss in postmenopausal women 


: Daily estrogen Study 
Patients dose Study design 
















duration (yr) Bone measurement Comments 





Recker etal.” 18 Treated 0.625 mg Randomized, 2 .  Radiogrammetry; pho- ` 
(1977) 20 Control CEE + 5 mg uncontrolled ‘ton absorptiometry of 

methyltestos- : distal radius 
terone : 

Horsman 19 Treated Ethiny! estradiol 2 Photon absorptiometry 
et al.’ 18 Control 25 or 50 ug of midpoint of third 

- (1977) - metacarpal 

Nachtigall 67 Treated CEE 2.5 mg + Prospective, - 10 Photon absorptiometry 
et al.” 62 Control medroxypro- randomized, of midpoint of third 
(1979) . gesterone double-blind metacarpal . 

Christiansen Part I: Trisequens Prospective, 2 Photon absorptiometry All patients also 
et al.!8 43 Treated forte randomized, received 
(1981) 51 Control double-blind 500 mg elemen- 

Part II: tal calcium 
35 Treated 
42 Control : 

Lindsay 120 Treated CEE Prospective, 2 Photon absorptiometry 30 patients each 
et al.” 30 Control single-blind, and radiogrammetry received CEE 
(1984) controlled of third right meta- 0.15 mg, 

carpal 0.3 mg, 
0.625 mg, 
: ; 1.25 mg 

Ettinger 15 Treated CEE 0.3 mg Nonblinded, 2 Photon absorptiometry All treated pa- 
et al. 25 Control uncontrolled of distal radius; dual tients also re- 
(1987) photon absorptio ceived 1500 mg 

metry of L2-L4 elemental - 
; ; f f calcium 
Riis et al.” 11 Treated 3 mg 17-ßB- | Randomizėd, 2 Same as above 
. (1987) 11 Control estradiol per- double-blind, 
f cutaneously controlled 

Genant 94 Treated Estrone sulfate Double-blind, 1 CT of spine All patients also 
et al.” 28 Control 0.3125 mg, 0.625 randomized, received 1000 
(1989) ` controlled mg of elemental 


mg, 1.25 mg 


calcium 














CEE, Conjugated equine-estrogen; CT, computed tomography. 


In several studies estrogens.have been shown to re- 
duce cortical and vertebral bone loss significantly in 
oophorectomized women (Table I).*'*"* Of particular 
significance was the finding of a relationship between 
estrogen dose and vertebral response.’ Specifically, 
doses of conjugated equine estrogens less than 0.6 
mg/day were inadequate to prevent vertebral bone loss 
consistently. 

Various forms of estrogen are also effective in pre- 
venting bone loss in postmenopausal women. Table 
III} lists several studies that reported consistent ben- 
efit from the use of estrogens. Nachtigall et al.” were 
the first to show long-term benefits with estrogens in a 
prospective, double-blind study. They found that con- 
jugated equine estrogens with progesterone protected 
against postmenopausal bone mass loss for at least 10 
years. Furthermore, estrogen prevented bone loss most 
effectively when begun within 3 years of the last men- 
strual period, during which interval the rate of bone 
loss is greatest. Lindsay et al.!? and Christiansen et al. 
independeritly demonstrated that estrogens were ef- 
fective in preventing bone loss and that withdrawal of 
therapy was followed by significant bone loss, suggest- 
ing that long-term therapy is needed. Ettinger et al.*° 


showed that a reduced dose of conjugated estrogen (0.3 
mg) combined with 1500 mg of total calcium offered 
the same level of protection against bone loss as the 
0.625 mg estrogen dose alone. More recently, another 
form of estrogen, estrone sulfate, protected against ver- 
tebral bone loss after a 1-year trial at doses of 0.625 
and.1.25 mg (p < 0.05 versus placebo).” 


Effect of estrogens on fracture incidence 


Although data establishing estrogens’ effectiveness 
against bone loss after oophorectomy and menopaiise 
are convincing, the real measure of estrogen therapy’s 
efficacy is its effect on the risk of fracture. Numerous 
studies (Table IV)***° support the efficacy of estrogen 
therapy in reducing fractures. Although estrogen ther- 
apy does not completely eliminate osteoporotic frac- 
tures, it does significantly reduce their occurrence. 

Studies have consistently demonstrated that. estro- 
gens reduce the incidence of wrist fractures and, most 
importantly, hip fractures. Collectively, these data show 
an inverse relationship between the risk of hip fracture 
and estrogen use and predict a 50% reduction in the 
rate of fractures with long-term estrogen use. In a pro- 
spective, randomized trial, Lindsay et al.® found that 
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Table IV. Effect of estrogens on rates of fracture 


a , Length of 
Study Patients Study design -study (yr) 


Gordan 120 Postmeno- Prospective, un- á : 25 
et al.” pausal controlled, 
(1973) women nonrandomized 
Hammond 30I Cases Retrospective 5+ 
et al” 309 Control 
(1979) 
Hutchinson 80 Cases Retrospective, 3 
et al.” 30 Control case-control 
(1979) 
Lindsay 58 Treated Prospective, non- 
et al. 42 Control randomized 
(1980) ; 
Weiss et al.” 327 Cases Retrospective, 1 
(1980) 576 Control case-control 
Paganini-Hill 91 Cases Retrospective, - 5 
et al.” 166 Control case-control 
(1981) $ : 
Kreiger 98 Cases Retrospective, 2 
et al”? 884 Control case-control | 
(1982) ' 


Mean of 9 
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Fracture sile 


studied Comments 
Unspecified Total of 1664 patient-years studied; all 
5 patients received estrogens within ` 
2 years of entering study 
Unspecified Thirty percent of treated used 


0.625 mg, 33.4% used 1.25 mg of 
CEE; 15% of controls fractured, 
8.6% of treated patients fractured 
Odds ratio 3.0; increases to 3.8 if es- 
trogens begun within 5 years of 
menopause 
Spine and radius Significant reduction in wedge defor- 
: mities ‘of T9 and L2 


Hip and distal 
radius ` 


Hip and distal Relative risk 1.0 for no.estrogen use, 
radius 0.43 for current estrogen use 

Hip Risk ratio for estrogen used >60 

i months was 0.42; 


HIp Odds ratio for fracture was 0.5 for es- 
trogen use >6 months 


CEE, Conjugated equine estrogen. 


estrogens reduced vertebral deformities in cepliorec 
tomized women. 


Effect of estrogens with progesterone in 
preventing bone loss 


Progestational agents are often added to an es- 
trogen regimen to prevent the complications of 
unopposed estrogen on the endometrium. Initial 
studies using either C-21 progestins (medroxyproges- 
terone) or 19-norprogestogens (norgestrel and nor- 
ethindrone) combined with estrogens have shown 
that progesterone does not impair estrogen’s bone- 
preserving function. * Used alone, 19- nor-17- 
hydroxyprogesterone protects against bone loss.” In 
studying the use of norgestrel and norethindrone (also 
19-norprogestins) alone, Hart et al.” determined that 
only norethindrone was effective over a 2-year period. 
Additional study is needed to confirm the osteotrophic 
role of progestogens when used as single- agent therapy. 


Prevention versus treatment of osteoporosis 
with estrogens 


Data support the practice of starting hormonal re- 
placement therapy as soon after menopause begins as 
possible to achieve maximum beneficial effects. Because 
menopause-induced bone loss is greatest in the 5 to 10 
years immediately after menopause and because estro- 
gen will only prevent | loss of bone mass, it is uncertain 
whether a woman should begifi estrogen replacement 
therapy 10 to 15 years after menopause if psteoporosts 
is the only indication for its use. 

The duration of therapy is less well defined. Existing 
data suggest that estrogen’s protective effects persist 
only as long as it is being taken. Discontinuation of 


therapy causes rapid bone loss.'* Epidemiologic data 
suggest that at least 6 years of therapy are need to 
reduce the risk of osteoporotic fractures significantly. 
Postmenopausal women should receive estrogens for 
at least 15 years, and ‘some investigators recommend 
longer term therapy. The risk of long-term estrogen 
use must be balanced against the long-term benefits. 

Because the use of estrogen replacement therapy for 
preventing bone loss requires long-term dosing, patient 
education is essential. Only 30% of women comply with 
their prescribed estrogen regimen.” In one review, of 
those women receiving estrogens for the first time, 20% 
to 30% never had the prescription filled, 20% stopped 
therapy within the first 9 months, and another 10% 
used it on an intermittent basis (i.e., when they remem- 
bered to). Intermittent therapy may be sufficient to 
alleviate vasomotor symptoms, but is not adequate for 
preventing postmenopausal bone loss. 


Conclusion 

Estrogen replacement therapy that is begun at the 
time of menopause prevents bone loss and decreases 
fractures. The use of estrogen in established osteopo- 
rosis is less well accepted, because estrogens do not 
replace bone mass that has been lost. Postmenopausal 
women should take estrogens for at least 15 years, after 
which time continuing therapy may or may not be in- 
dicated. j i 
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Estrogen replacement and cardiovascular disease: Serum lipids 


and blood pressure effects 


William R. Hazzard, MD 


Winston-Salem, North Carolina 


Coronary heart disease, a major cause of morbidity and death, is the leading cause of death in older 
women, with an incidence that approaches that in men of comparable age. Estrogen favorably alters lipid 
metabolism and should therefore diminish the risk for coronary heart disease in estrogen users. 
Epidemiologic data from case-control and prospective cohort studies have suggested that estrogen use 
may confer protection from cardiovascular disease and decrease all-cause mortality rates in 
postmenopausal women. Because the age-adjusted mortality rate due to heart disease among American ` 
women is approximately four times the combined mortality rate due to endometrial and breast cancers, 
even modest changes in the risk of fatal heart disease after estrogen use would dramaiically impact the 
overall risk-benefit equation. (AM J OssteT GYNECOL 1989;161:1847-53.) 
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Cardiovascular disease is a major cause of morbidity 
and death in modern society. Risk factors for cardio- 
vascular disease include elevated blood pressure, im- 
paired glucose tolerance, abnormal blood lipid levels, 
cigarette smoking, male sex, and advanced age. Ele- 
vated blood pressure and alterations in lipoprotein me- 
tabolism are major contributors to cardiovascular dis- 
ease in general and to coronary heart disease in par- 
ticular.'* 


Lipids, lipoproteins, and coronary heart 
disease risk 


Prospective epidemiologic studies over the past three 
decades have documented a linear relationship between 
dietary fat consumption, serum total cholesterol, and 
the incidence of coronary heart disease.*’* These pop- 
ulation studies were stimulated by the observation that 
patients with clinical manifestations of coronary heart 
disease had higher cholesterol levels than did control 
subjects. Longitudinal epidemiologic studies have doc- 
umented an association between coronary heart disease 
risk in the general population and lipoprotein values, 
which are proportional to the serum total cholesterol.° 
Coronary heart disease risk increases as cholesterol val- 
ues increase. Lipid components can be evaluated in 
terms of serum total cholesterol, triglycerides, and 
high-density lipoprotein (HDL), low-density lipopro- 
tein (LDL), and very low-density lipoprotein (VLDL) 
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cholesterol fractions. The relationship between in- 
creased triglyceride levels and coronary heart disease 
risk is not clear; other blood lipid measurements pro- 
vide a better assessment of risk. 

An inverse relationship exists between HDL choles- 
terol levels and coronary heart disease risk: the lower 
the HDL concentration, the greater the risk for coro- 
nary heart disease. This significant inverse relationship 
between HDL cholesterol levels and the incidence of 
myocardial infarction, angina pectoris, and cardiac 
death in people 50 years old or older holds true even 
when studies control for risk factors such as age, other 


_cholesterol components, cigarette smoking, high blood 


pressure, weight gain, and diabetes mellitus.* '® 

Simplistically, elevations of any of the lipoprotein 
fractions, except HDL, are associated with an increased 
risk of coronary heart disease.!® Elevated HDL levels; 
the fraction thought to be involved with clearing cho- 
lesterol from tissues and its subsequent metabolism and 
excretion, is associated with decreased coronary heart 
disease risk. !® !” 

Atherosclerosis and coronary heart disease share a 
common multifactorial origin. At any level of serum 
total cholesterol, risk will vary over a wide range de- 
pending on other associated risk factors. Reductions in 
any lipoprotein fraction other than HDL are assumed 
to prevent or reduce atheromatous plaque formation 
and prolong the lives of high-risk patients.’ 


Initial observations on estrogens and coronary 

heart disease risk 

A definite rise in population total cholesterol and 
LDL cholesterol levels occurs across the menopause in 
women.” Postmenopausal status is accompanied by a 
gradual and progressive increase in the incidence of 
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coronary heart disease and its associated morbidity and 
death.”? Coronary heart disease is the leading cause of 
death in older women, with an incidence that comes 
close to approximating that in men of comparable age. 
A common factor that may be responsible for the 
marked rise in this risk among postmenopausal women 
in general would appear to be the decline in estrogen 
levels and the resulting rise in LDL cholesterol levels. 

Mortality rates due to coronary heart disease began 
to decline in the 1960s, and by 1976 had decreased by 
more than 30% in women and 20% in men.” This 
decline has been widely attributed to hygienic alter- 
ations in life-style. For instance, the decrease in mor- 
tality rates was accompanied by decreases in the pro- 
portion of male (by 26%) and female (by 8%) cigarette 
smokers between 1964 and 1976. During this same pe- 
riod, the percentage of men and women aged 55 to 64 
years with serum cholesterol values greater than 260 
mg/dl decreased by 14% and 29%, respectively.” Since 
the early 1960s, postmenopausal estrogen use has been 
widespread in the United States. Although not yet dem- 
onstrated in systematic population studies, some of the 
decliné in coronary heart disease deaths in women since 
1964 may be attributable to postmenopausal hormone 
replacement therapy. Other factors may include the 
decline in cigarette smoking, earlier detection and 
treatment of hypertension, decline in consumption of 
animal fats, other secular trends toward a more hy- 
gienic life-style shared in common with men, and the 
more effective treatment of this disease. 

The possible protective role of exogenous estrogens 
has been controversial for decades. The early negative 
association between estrogens and atherosclerosis was 
based on the observation that men under 55 years of 
age had five to eight times the risk of coronary artery 
disease as did women of similar age. Researchers there- 
fore suggested that estrogen might protect against pro- 
gression of atherosclerosis. This association was further 
supported by the apparent increase in coronary artery 
disease among climacteric women. However, in the 
1960s (the Coronary Drug Project), men with a pre- 
vious history of myocardial infarction who received a 
high dose (5 mg/day) of conjugated estrogens had a 
risk of nonfatal myocardial infarction (6.2%) greater 
than that in the placebo group (3.2%).” In a subsequent 
evaluation, men given 2.5 mg/day of conjugated estro- 
gens demonstrated a mortality rate of 19.9% compared 
with 18.8% for the placebo group.” As a result, both 
estrogen treatment arms were terminated early, and 
estrogen fell from favor as a possible form of secondary 
coronary disease prevention. 

In contrast, other reports have suggested that estro- 
gen use protects against the development of cardio- 
vascular disease. Evidence from animal and autopsy 
studies suggests that exogenous estrogen may inhibit 
the development of atherosclerotic lesions.**?° Epide- 
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miologic data from case-control and prospective cohort 
studies have suggested that postmenopausal estrogen 
use may confer a substantial degree of protection from 
cardiovascular disease.** °° 

Resolution of this paradox requires considering the 
pathophysiology of atherogenesis and the relative con- 
tributions of different phenomena at different stages 
in the natural history of atherogenesis. Women are 
physiologically protected by long-standing endogenous 
estrogen secretion; thus the process of atherosclerosis 
is retarded and superimposed thrombosis is unlikely. 
In such women, the net effect of estrogen is to prevent 
coronary disease. 

In contrast, middle-aged or elderly men have had 
years of testosterone secretion with its adverse effects 
on lipoprotein cholesterol levels. Therefore, the effect 
of estrogen in men may be to enhance thrombosis, pos- 
sibly resulting in coronary or cerebral artery occlusion. 
The effect of estrogen in increasing coagulation diath- 
esis is well known: Estrogen not only increases platelet 
adhesiveness but also decreases the levels of factors that 
inhibit thrombosis, such as antithrombin III. Thus what 
is good for the goose may not be good for the gander! 

Evaluating hormone replacement therapy relative to 
coronary heart disease risk, particularly in view of the 
small, but definite, risk of endometrial carcinoma as- 
sociated with this form of therapy, is important. Of 
current concern is the effect of hormone replacement 
therapy on coronary heart disease risk factors such as 
blood pressure levels and lipoprotein profiles, and 
whether postmenopausal estrogens affect the risk for 
this disease. 


Hormone replacement therapy and 
blood pressure 


Possible evidence of an association between estrogen 
administration and hypertension was first published in 
1967.°* * Initially investigators assumed that hormone 
replacement therapy could either induce or aggravate 
hypertension. However, most reports published in 
the late 1970s and early 1980s failed to demonstrate 
a consistent, significant association between hor- 
mone replacement therapy and elevated blocd pres- 
sure, %4 27 335 Mashchak and Lobo* have reviewed 
epidemiologic case-control and prospective, double- 
blind clinical studies that clearly indicate that hormone 
replacement therapy does not increase the incidence of 
hypertension or aggravate preexisting hypertension: 
Case-control studies 

Davis et al.® (1961) reported the absence of an as- 

sociation between hormone replacement therapy and 

hypertension. 

Stern et al.” (1976) demonstrated no relationship 

between current estrogen use and blood pressure 

alterations in a study that adjusted for age and 
weight. 
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Pallas et al. (1977) found no significant increase in 
mean blood pressure (with or without controlling for 
age and weight) in women using conjugated estro- 
gens alone. Plasma renin activity, plasma renin sub- 
strate, and renin reactivity, but not plasma renin con- 
centration, were elevated. 
Pfeffer” (1978) found a significant increase in the 
incidence of hypertension in nondiabetic women (58 
to 79 years) taking hormone replacement therapy in 
a study controlled for age, diabetes mellitus, and 
stroke but not for weight, Mashchak and Lobo” 
(1979) found no change in blood pressure in either 
estrogen users or age-matched women who did not 
use estrogen followed for 5 months. 
Barrett-Connor et al.*° (1979), studying a group con- 
trolled for age and weight, found no significant dif- 
ference between the systolic or diastolic blood pres- 
sures of estrogen users and control subjects. Estrogen 
users 60 to 64 years old had a significantly lower 
diastolic blood pressure than nonusers. 
Persson et al.” (1983) showed a significantly higher 
prevalence of estrogen use in women with hyperten- 
sion (17% versus 14%); however, 89% of the women 
were hypertensive before the start of hormone re- 
placement therapy. 

Prospective, randomized clinical trials 
Lind et al. (1979) observed a small, but statistically 
significant, fall in mean systolic and diastolic blood 
pressures in women of similar age (49 to 54 years) 
who were receiving conjugated estrogen therapy be- 
tween 6 and 48 months after menopause. Both sys- 
tolic and diastolic blood pressures returned to pre- 
treatment levels by 3 months after the end of therapy. 
Wren and Routledge” (1981), in a trial comparing 
conjugated equine estrogens and piperazine estrone 
sulfate, reported that 9% and 25% of subjects taking 
piperazine estrone sulfate and conjugated estrogens, 
respectively, had an increase in blood pressure, and 
25% and 14%, respectively, had a decrease in blood 
pressure. A second study* (1983) demonstrated a 
slight, but statistically significant, fall in blood pres- 
sure when piperazine estrone sulfate was adminis- 
tered. This effect was not seen in women given con- 
jugated estrogens for the same length of time. In 
fact, 15% of these patients had an increase in blood 
pressure of at least 15 mm Hg. 
Lindsay and Herrington” (1983) followed post- 
menopausal women taking hormone replacement 
therapy for 3 years and suggested that hypertension 
in postmenopausal women was related more to obe- 
sity than to this therapy. Blood pressure tended to 
fall in women of normal weight, whereas diastolic 
and systolic blood pressures tended to rise in the 
placebo group. Among obese subjects, the blood 
pressure rise in the estrogen-treated group was not 
greater than that in the placebo group. 
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Luotola“ (1983), in a crossover study, evaluated a 

normotensive and a hypertensive group’s response 

to estradiol; blood pressure fell significantly in each 
4-week treatment cycle for both study groups. 

The rare occurrence of estrogen-induced hyperten- 
sion cannot be disputed. However, these hypertensive 
episodes represent idiosyncratic reactions to hormone 
replacement therapy. The most carefully designed 
studies of blood pressure response to this therapy 
strongly suggest that blood pressure (both systolic and 
diastolic) is consistently, although minimally, lowered 
by estrogen administration. 


Hormone replacement therapy, lipids, 
and lipoproteins 


Both natural and surgical menopause are accompa- 
nied by adverse changes in serum lipids and lipopro- 
teins that are associated with an increased risk of cor- 
onary heart disease.” As explained above, the adverse 
changes are related to cessation of ovarian estrogen 
production. We have long realized that hepatic protein 
synthesis and lipid metabolism are sensitive to the ef- 
fects of exogenous estrogens and can be modified by 
the type of estrogen, dose, duration, and route of ad- 
ministration. ® Estrogen-induced effects on liver pro- 
tein synthesis vary depending on which protein is as- 
sessed; postmenopausal women’s responses to hor- 
mone replacement therapy vary between and within 
organ systems,*® 47% 

Overall, postmenopausal estrogens lower the serum 
concentration of LDL cholesterol* and increase the se- 
rum concentration of HDL cholesterol,t HDL,,?® 3% 6? 
apoprotein AI,**°*® and apoprotein AII.” In most of 
the above-cited studies there was no change or a de- 
crease in total cholesterol,” an increase in total triglyc- 
erides,* *”? and no change in HDL,**® after estrogen 
use. Hormone replacement therapy thus beneficially 
alters the LDL/HDL ratio in both the numerator and 
the denominator. The overall total cholesterol value 
may not change because decreases in LDL may be bal- 
anced, at least partially, by increases in HDL. An inverse 
relationship between the plasma concentration of HDL 
and apoprotein AI and the development of athero- 
sclerotic cardiovascular disease and myocardial infarc- 
tion has been reported.** * Therefore, the effect of 
postmenopausal hormone replacement therapy on 
lipid metabolism may be to diminish the risk of coro- 
nary heart disease in estrogen users.” 


Hormone replacement therapy and coronary 

heart disease risk: Results of studies 

In a 10-year prospective, double-blind study, Nach- 
tigall et al.“ compared the effects of high-dose (2.5 mg) 


*References 25, 26, 52, 54, 56, 61, 62. 
tReferences 25, 26, 53, 54, 59, 61, 62. 
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Table I. Case-control, cross-sectional studies of hormonal replacement therapy and coronary heart disease 





Rosenberg et al. Hospital 336 Cases 
(1976) 6730 Controls 
Pfeffer et al. Community 185 Cases 
(1978) 511 Controls 
Jick et al.” Hospital l4 Cases 
* (1978) i 21 Controls 
Rosenberg et al.” Hospital 477 Cases 
(1980) 1832 Controls 
Ross et al.” Community 133 Cases 
(1981) ` 133 Living controls 
Bain et al.” Community 64 Cases 
(1981) 1390 Controls 
Adam et al.” Community 76 Cases 
(1981) 151 Controls 
Szklo etal.” Hospital 39 Cases 
(1984) 39 Controls 


End point 







Relative risk 


Ever used Current use 


NR NR 0.5 


Nonfatal MI 1.0 
Fatal/nonfatal MI 0.9 0.9 0.6 0.7 
Nonfatal MI NR > NR 4.2 NR 
Nonfatal MI 1.2 NR 1.0 NR 
(Past use) 
Fatal THD ` 0.4 0.4 NR NR 
Nonfatal MI 0.9 0.8 0.7 0.7 
Fatal MI 0.6 NR 0.8 NR 
Nonfatal MI 0.8 0.6 — — 


NR, Not reported; MI, myocardial infarction; IHD, ischemic heart disease. 


conjugated equine estrogen and medroxyprogesterone 
acetate (10 mg) with placebo in 84 pairs of randomly 
chosen postmenopausal inpatients matched for age and 
diagnosis. Those in the treated group who began the 
study with elevated LDL/HDL ratios experienced a re- 
duction in that ratio over the course of the study, In 
the control group, LDL/HDL ratios were either main- 
tained or increased. The treatment group’s response 
occurred within the first 6 months of the study, and 


lipoprotein levels changed little over the succeeding 9.5 ' 


years of follow-up. The treatment group’s overall sur- 
vival rate was higher, although not significantly so, than 
the placebo group’s rate. 

The Lipid Research Clinics Program Follow-up 
Study” is the most authoritative study of cardiovascular 
disease risk in postmenopausal women using estrogens. 
This study reported that the age-adjusted relative risk 
for death from cardiovascular disease among estrogen 
users compared with nonusers was 0.34 (95% confi- 
dence limits, range 0.12 to 0.81). Multivariate analysis 
for age, blood pressure, and cigarette smoking esti- 
mated the relative risk for atherosclerotic cardiovas- 
cular disease in estrogen users to be 0.37 (95% confi- 
dence limits, range 0.16 to 0.88), again a highly signif- 
icant reduction. When investigators analyzed the role 
of alterations in HDL and LDL concentrations, they 
found that more than half of the beneficial effect on 
cardiovascular disease risk could be attributed to the 


_ statistically significant LDL and HDL alterations. In 


particular, alterations in the HDL concentrations were 
individually and significantly associated with reduced 
cardiovascular disease and all-cause mortality rates in 
this cohort. These data are comparable to those of other 
studies linking high plasma HDL levels to low coronary 


death rates'*"® and suggest an important postmeno- 
pausal benefit for hormone replacement therapy. 

These data appear to conflict with an earlier report 
from The Framingham Study® that indicated a 50% 
elevated risk of cardiovascular disease morbidity (p < 
0.01) in postmenopausal estrogen users. This report 
also noted a twofold risk for cerebrovascular disease in 
estrogen users compared with nonusers. An increased 
incidence of myocardial infarction was observed, par- 
ticularly among estrogen users who smoked cigarettes. 
Nonsmoking estrogen users experienced only an in- 
creased risk of stroke. However, the postmenopausal 
estrogen user group included all women who had ever 
used postmenopausal estrogens in the 8 years before 
the twelfth biennial examination (1970 to 1972), and 
the overall user rate was low (24.4%). The Framingham 
Study data further suggested that estrogen use at base- 
line was less than 15%. 

A separate analysis of the data,® excluding angina 
pectoris as an end point, demonstrated a significant 
protective effect for estrogen use in women 50 to 59 
years old. This analysis suggests that age at menopause 
should be considered a covariate and is inversely as- 
sociated with cardiovascular disease risk at a marginally 
significant level (p = 0.04). In this age group there was 
no increase in all-cause mortality rates, and cardiovas- 
cular disease risk decreased in estrogen users. No as- 
sociation was found between estrogen use and cardio- 
vascular disease risk in older nonsmoking women. The 
original analysis adjusted for HDL level and thus pos- 
sibly underestimated the benefits of postmenopausal 
estrogen use.” 

Lipid, lipoprotein, and blood pressure responses to 
hormone replacement therapy predict a reduction in 
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Table II. Prospective cohort studies of hormonal replacement therapy and coronary heart disease risk 






Relative risk 
End point 


Burch et al.” (1974) Surgical 737 Fatal CHD 0.4 — 
2 Practice ; 

. Gordon et al.® (1978) Community 18,334 Person-years CHD 1.6 — 

i i à Angina 2.3 — 

Hammond et al.” (1979) Hospital 301 Users CVD 0.3 — 


309 Nonusers 


Petitti et al.” (1979) Kaiser Permanente 16,759 Nonfatal/ fatal MI 1.2 — 
Nachtigall et al.“ (1979) Hospital 84 Matched pairs Nonfatal/fatal MI 0.3 — 
Henderson et al." (1985) Community 7,610 All-cause mortality 0.8 = 

i . SALA Acute MI ` 0.5 — 
Wilson et al. (1985) Community 1,234 CHD 1.9 — 
Stampfer et al.” (1985) Nurses 32,317 CHD 0.3 0.5 
Petitti et al.® (1986) Kaiser Permanente 16,638 Fatal CVD 0.5 — 
Bush et al.” (1987) LRC 2,270 Fatal CVD 0.3 — 
Criqui et al.” (1988) Community 1,868 CHD mortality ime 0.7 (all-cause) 


CHD, Coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction; LRG, Lipid Research Clinics. 


coronary heart disease risk for women receiving this 
therapy. To date, no randomized trials have been con- 
ducted to determine the risk’ for atherosclerotic car- 
diovascular disease in women taking estrogens. There- 
fore, support for the benefits of hormone replacement 
therapy has come from epidemiologic surveys of case- 
control, cross-sectional, and prospective cohort design. 
Most studies?“ 32 4 show that hormone replacement 
therapy reduces the risk of cardiovascular ‘disease and 
all-cause mortality rates in postmenopausal women 
(Tables I and II). Postmenopausal estrogen users fare 
better for each case-specific end point and significantly 
better for all-cause mortality rates compared with non- 
users. ` i ' 

‘ If cardiovascular disease risk is influenced by post- 
menopausal estrogen use, as the epidemiologic data 
suggest, then the associated influence on death will be 
a primary factor in balancing the risks against the ben- 
efits of hormone replacement therapy. For example, 
even minor relative changes in the risk of fatal heart 
disease after estrogen use would have a major impact 
on the overall risk-benefit equation, because the age- 
adjusted mortality rate due to ischemic heart disease 
among women in the United States is approximately 
four times the combined mortality rate due to endo- 
metrial and breast cancers. In one study that set the 
relative risk of cardiovascular disease at 1.0, when the 
risk was reduced by as little as 20% (relative risk = 0.8), 
there was a net fall in mortality rates of 10% for high- 
dose (1.25 mg conjugated equine estrogens) therapy 
and of nearly 18% for moderate-dose (0.625 mg con- 
jugated equine estrogens) therapy.” If risk were re- 
duced by 50% (relative risk = 0.5), the net decrease in 
mortality rate would be in excess of 33% and 41% with 
high- and moderate-dose therapy, respectively. These 
estimations underline the i importance for determining 


with certainty any dose- -response relationship between 
estrogen use and coronary heart disease. 

Clinicians must consider the possible effects of es- 
trogen therapy on the entire risk-benefit equation. Fur- 
thermore, epidemiologists must continue to refine 
these calculations through additional research. Future 
research needs must address the following issues before 
any firm conclusions regarding the effect of hormone 
replacement therapy on cardiovascular disease are es- 
tablished: 

* Further defining the effect of hormone replacement 
therapy on lipoprotein subfractions, apoproteins, 
and systolic and diastolic blood pressures 

° Determining dose-response relationships between es- 
trogen administration and serum lipids, lipoprotein 
levels, and blood pressure changes, with a better def- 
inition of the effects of different estrogen prepara- 
tions, routes of. administration, dose, and duration 
of action on these parameters 

* Improving definition of the effects of adding pro- 
gestational agents to hormone replacement therapy 
regimen relative to lipoprotein and blood pressure 
response 

a Describing the effects of estrogen/ progesterone 
in’ patients with hyperlipoproteinemia and hyper- 
tension 

* Undertaking prospective studies of the effect of hor- 
mone replacement therapy on cardiovascular and to- 
tal mortality rates 

* Clarifying the interactions between hormone replace- 
ment therapy and known risk predictors of coronary 
heart disease 


Summary 


Studies have revealed no clear evidence for adverse 
estrogen-induced effects on blood pressure levels. Post- 
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menopausal women’s blood pressure, both systolic and 
diastolic, is consistently lowered by estrogen adminis- 
tration, although the decrease is small. Hormone re- 
placement therapy does not aggravate preexisting 
hypertension. Oral hormone replacement therapy re- 
verses the negative postmenopausal trends in lipo- 
protein profiles by decreasing LDL cholesterol and 
increasing HDL cholesterol levels. The significant im- 
provement in lipoprotein profiles, particularly in- 
creases in HDL ‘concentrations, implies cardiopro- 
tection and should predict a reduced risk of athero- 
sclerotic cardiovascular disease. Epidemiologic data 
demonstrate that deaths due to myocardial infarction 
are significantly reduced in postmenopausal estrogen 
users. Because of its effécts on lipoprotein profiles and 
blood pressure, hormone replacement therapy has 
been associated with lower overall morbidity and mor- 
tality rates due to. coronary and total mortality. The 
available data clearly support using hormone ‘replace- 
ment therapy in postmenopausal women. 
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Compliance considerations with estrogen replacement: 
Withdrawal. bleeding and other factors 


Ricardo G. fiat, MD 


M emphis, Tennessee 


Withdrawal bleeding and other side stiects such as edema, bloating, premenstrual irritability, lower 
abdominal cramps, dysmenorrhea, and breast tenderness limit compliance with hormonal replacement 
therapy.: Although many of these troublesome side effects can be managed by adjusting: the dose or 
changing the source of the estrogen or progestin components, postmenopausal women: view withdrawal 
bleeding as the most negative factor influericing their decision to use hormonal replacement therapy. 
Additionally, the potential link between postmenopausal estrogen use and subsequent endometrial - 
hyperplasia and cancer’ concerns potential users. Cyclic progestins protect the endometrium from 
hyperplastic changes but may not prevent withdrawal bleeding. Both patient: and physician education, 
including the nature of menopause’ and the protective role of estrogens in osteoporosis and cardiovascular 
disease, are critical to improving COmpiance with hormonal replacement therapy: (AM J Gastet GYNECOL 


1989;161: 1854-8.) . 


Key woi: A withdrawal bleeding, compliance 


American women currently have life spans of some 
-80 years. With menopause ‘occurring at a mean age of 
5] years, women can expect to live one third of their 
lives in the postmenopausal state.” ? ` i 
-A significant- number of undesirable physiologic 
changes in the postmenopausal years result fromi de- 
creased levels of circulating estrogen. The use of hor- 
monal replacement therapy for relieving ` vasomotor 
symptoms and slowing vaginal atrophy is well estab- 
lished. Estrogen also has a role in protecting against 
osteoporosis.** Additionally, recent studies have re- 
ported cardiovascular’ benefits from hormonal replace- 
ment therapy. renee 

‘Despite the positive benefit/risk ratio of hormonal 
replacement therapy; compliance i is a problem because 
of side effects . (especially withdrawal bleeding) and 
other factors, including fear of cancer. This article will 
discuss these factors and provide suggestions for i im- 
proving compliance with hormonal replacement.’ 


How side effects can limit compliance 
~ Many investigators have proposed that withdrawal 


bleeding and other side effects from hormonal replace- . 


ment therapy limit ‘compliance. Linis For example, the 
rate of pomp with this: therapy was only 30% ‘in 
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one study of 301 postmenopausal women.” In another 
investigation, 15 of 18 women receiving “combination 
therapy, dropped out of the study.’ 

In addition to withdrawal bleeding, side effects in- 
clude edema, bloating, premenstrual irritability, lower 
abdominal cramps, dysmenorrhėa, and breast tender- 
ness. Although troublesome, these effects, which occur 
in 5% to'10% of patients taking combination therapy, 
may be managed by adjusting the dosage or changing 
the source of éstrogen or progestin components. 14, 15 
Edema; bloatirig, and irritability can be managed by 
réducing the estrogen dose, although adding a diuretic 
is occasionally necessary. ne Changing progestins may al- 
leviate the symptoms of lower abdominal cramps and 
dysmenorrhea, | buta poi inhibiting eee 
may be needed.’* is, * 

Withdrawal bleeding may be the most signifies fac- 
tor in the patient’s decision to begin, continue, or dis- 
continue hormonal replacement therapy. br As stated 
above, in 4 comparison of two groups of postmeno- 
pausal women,” 15 of 18 women with intact uteri who 
were receiving combination therapy dropped out of the 
study because of withdrawal bleeding: These women, 
who were receiving the combination of 0.625 mg con- 


i jugated equine estrogens for 21 days with 2.5 mg nor- 


ethindrone: added’ from day 12 through day 21, had 
been informed that bleeding was to be expected during 
days 21: ‘to 30 of the treatment cycle. None of 22 women 
hysterectomized for nonmalignant | pathologic’ condi- 
tions who were receiving only 0.625 mg of CEE for 21 
days of each month’ discontinued’ therapy. In a survey © 
by Ferguson ét äl., women using hormonal replace- 
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Table I. Factors that influenced (or would influence) the decision to use hormonal replacement therapy 











Postmenopausat 








Factor 


Physician recommended it 
Would stop hot flashes 
Would not cause cancer 
Would require checkups 
Test could determine risk of osteoporosis 
Would have to be taken for rest of life 
Could be given through a skin patch 
Friend was taking it without problems 
Friend was taking it with problems 

. Would cause to have periods 


Currently taking hormonal 
replacement therapy 
(n = 37) 


GOGO DODO DON Ne 
DMO! Hm Oo bo 










Have never taken 
hormonal replacement 
therapy (n = 125) 





Premenopausal 


(n = 65) 






2.7 2.3 
2.5 2.1 
2.7 1.9 
2.2 2.6 
2.3 2.0 
3.8 3.7 
3.1 2.7 
3.0 2.4 
3.4 3.6 
3.4 3.8 

















Reprinted with permission from Ferguson KJ, Hoegh C, Johnson S. Arch Intern Med 1989;149:133-6, copyright 1989, American 


Medical Association. 
Rating scale: 1 = Very positive to 5 = very negative. 


Table II. Patterns of vaginal bleeding with normal and hyperplastic endometrium during unopposed 
cyclic estrogen therapy 








Patients with 
withdrawal bleeding 





Type of therapy 
Cyclic high dose 
Norma! endometrium 14 64 
Endometrial hyperplasia 3 36 
Cyclic low dose 
Normal endometrium 3 
Endometrial hyperplasia 1 

















Patient with no 
vaginal bleeding 


Patients with 
breakthrough bleeding 


1] 69 22 71 
5 31 9 29 
5 56 23 96 
4 44 1 , 4 














Reprinted with permission from Whitehead MI. Maturitas 1978;1:87-98. 
Cyclic high dose = conjugated equine estrogens 1.25 mg/day, piperazine estrone sulfate 3.0 mg/day, estradiol valerate 2.0 


mg/day; cyclic low dose = half the high dose, daily. 


ment therapy rated withdrawal bleeding as the most 
negative of a list of factors influencing their decision 
to use this therapy (Table I). . 

The atrophic postmenopausal endometrium re- 
sponds to exogenous hormones by developing prolif- 
erative, secretory, and bleeding phases almost identical 
to those that occur during the normal ovulatory cycle. 
The so-called withdrawal bleeding can be heavy and 
painful in some patients.'* 

Unopposed estrogen in some premenopausal and 
postmenopausal women can result in endometrium hy- 
perplasia, an abnormal increase in the amount of pro- 
liferative endometrium. Possible causes include disor- 
dered estrogen metabolism, decreased levels of binding 
protein that allow greater estrogen access into cells, and 
increased sensitivity of the endometrium to estrogenic 
stimulation."* Two distinct forms of hyperplasia, cystic 
and adenomatous, exhibit different cytologic findings 
and premalignant potentials. Cystic hyperplasia con- 
verts to adenocarcinoma only at a 1% rate; 12% of 
adenomatous hyperplasias become carcinomas after 18 


months and 30% undergo malignant changes within 
10 years." 

American and European data have established a link 
between unopposed estrogen use and endometrial can- 
cer. However, data do not necessarily demonstrate a 
direct link between endometrial status and vaginal 
bleeding patterns,'*'* Withdrawal bleeding and break- 
through bleeding are not accurate predictors of en- 
dometrial hyperplasia (Table IT).'” 

Maximum antiestrogenic, effects appear to be 
achieved by adding progestins for 10 to 15 days of the 
monthly cycle."* In one series in which the incidence of 
hyperplasia was 18% to 32% with unopposed cyclic es- 
trogen, the incidence was lowered to. 3% to 4% when 
progestins were added for 7 days, and to zero when 
progestins were added for 12 to 13 days of the 
cycle.'* © In another study, 5 to 10 days of progestin 
therapy reduced the frequency of hyperplasia to 2%; 
with 13 days of progestin therapy no hyperplasia was 
found.” Other studies confirm this effect.'"** 

Although cyclic progestins may protect the endo- 
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Table III. Attitudes toward menopause 
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Postmenopausal 








Currently taking hormonal 
replacement therapy 
(n = 37) 


Altitude 


Menopause is a medical condition 1 
Women with distressing symptoms 2: 
should be taking hormonal re- 
placement therapy 


Women cannot control menopausal 3.3 
changes 

Sexual interest and comfort in- 3.4 
crease after menopause 

Psychologic problems are due to life 3.0 
changes, not hormonal changes 

Women who have trouble are those 4.5 
who expect it : 

Risks of estrogen outweight benefits 4.6 

Natural approaches are better than 4.6 
hormonal replacement therapy 

Male partners of menopausal 5.4 
women see them as less sexually 
desirable 

A woman feels like less of a woman 5.6 


after menopause 








Have never taken hormonal 
replacement therapy 


(n = 125) Premenopausal 
3.7 3.1 
3.7 3.5 
3.7 4.0 
2.9 3.6 
3.7 43 
3.7 4.3 
3.8 4.4 
2.6 3.0 
6.0 5.3 
6.3 5.1 


Reprinted with permission from Ferguson KJ, Hoegh C, Johnson S. Arch Intern Med 1989; 149:133-6, copyright 1989, American 


Medical Association. 
Scale: 1 = strongly agree to 7 = strongly disagree. 


metrium from hyperplastic changes, withdrawal bleed- 
ing can nonetheless occur. Epidemiologic and biochem- 
ical arguments tend to support a differential effect 
` among different estrogens when used cyclically. Wren 
et al.” suggested a more marked response of conju- 
gated estrogens compared with estrone sulfate on uter- 
ine tissue (including endometrial hyperplasia), an in- 
crease in blood pressure, and decreased effectiveness 
in controlling vasomotor instability (hot flashes). 

Many researchers have tested continuous combina- ` 
tion therapy as a way to produce amenorrhea, alleviate 
symptoms, reduce the incidence of side effects, and 
aveid hyperplasia. 1> 28 In a study comparing cyclic 
with continuous therapy, Prough et al.” followed two 
groups of postmenopausal women for 9 months. Group 
I was given 0.625 mg conjugated equine estrogen and 
2.5 mg medroxyprogesterone acetate daily. Group H 
received 0.625 mg conjugated equine estrogen for days 
l to 25 and 10 mg medroxyprogesterone acetate during 
days 16 to 25. Vaginal bleeding was eliminated in all 
but 2 of the 16 women in group I; both had one episode 
of spotting. In group II, 8 of 10 patients continued to 
have withdrawal bleeding. After 9 months of therapy, 
all patients in the first group had an inactive endo- 
metrium. In the second group, nine patients had an 
inactive endometrium; in one patient the endometrium 
converted from inactive to proliferative. 

In a study comparing different continuous regimens 
in 75 women, Magos et al.'* used four combinations of 


daily conjugated equine estrogen (0.625 or 1.25 mg) 
and norethindrone (0.35 or 1.05 mg). At 3-month in- 
tervals, patients who experienced any bleeding were 
assigned to receive another 0.35 mg dose of noreth- 
indrone. At the start of the study, 65.2% of women 
taking 0.625 mg conjugated equine estrogen combi- 
nations and 46.9% of women taking 1.25 mg conju- 
gated equine estrogen combinations became amenor- 
rheic immediately. After dosage adjustments at the I- 
year mark, 95.1% of all patients were amenorrheic. The 
incidence of unscheduled bleeding decreased with in- 
creased duration of treatment. Vasomotor symptoms 
were controlled, and no abnormal histologic findings 
developed during therapy. 


Other factors that limit compliance 


In addition to side effects, other factors contribute 
to noncompliance with hormonal replacement therapy. 
These include factors attributable to both patients and 
physicians. 

In an ongoing field study of 2500 postmenopausal 
women, Ravnikar” found that women used hormonal 
therapy sporadically. The major reported reason for 
stopping therapy was the patient’s fear of cancer. 
Among patients receiving first-time hormonal prescrip- 
tions, 20% stopped therapy within 9 months, 10% took 
the medication sporadically, and 20% to 30% never had 
their prescriptions filled. 

Ferguson et al.’ surveyed 289 women by question- 
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naire. Respondents were divided into three groups: 
postmenopausal women who currently use hormonal 
replacement therapy, postmenopausal women who 
have never used hormonal replacement therapy, and 
premenopausal women. (Women who had discontin- 
ued hormonal replacement therapy were excluded be- 
cause the subgroups of those who stopped on their own 
or stopped due to physician suggestion were too small 
for valid analysis.) Table I summarizes the factors that 
influenced or would influence the decision to use hor- 
monal replacement therapy. The most negative factor 
for all three groups of women was the fact that therapy 
would cause them to have periods. The most positive 
factors included physician recommendation, “would 
stop hot flashes,” and “would not cause cancer.” 

Ferguson et al.’ also examined these women’s atti- 
tudes toward menopause (Table HI). Women using 
hormonal replacement therapy were more likely to 
agree that menopause is a medical condition and that 
symptoms can be treated with this therapy. Most women 
disagreed or were neutral regarding the relative risks 
and benefits of estrogen therapy. Although 89% of 
women currently using hormonal replacement therapy 
knew that lack of estrogen was a significant factor in 
the development of osteoporosis, only 27% of post- 
menopausal women not using hormonal replacement 
therapy knew this. There was an apparent lack of 
knowledge of the risk factors for osteoporosis, with 
women using hormonal replacement therapy being the 
most knowledgeable. 

The role of physicians in patient compliance is im- 
portant. In the study by Ferguson et al.,! the major 
factor influencing hormonal replacement therapy use 
was physician recommendation. Another important 
finding was that of 125 postmenopausal women who 
had never used hormonal replacement therapy, 64% 
had never discussed this option with their physicians. 
Of this group, 75% agreed that a physician recom- 
mendation would have a positive effect regarding ther- 
apy use. All significant positive predictors of hor- 
monal replacement therapy use (“natural approaches 
to menopause are less preferable,” “women experienc- 
ing hot flashes should use hormonal replacement ther- 
apy,” “menopause is a medical condition,” “estrogen 
can reduce the risk of osteoporosis”) can be influenced 
by physician teaching. 
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In a survey of 50 primary care providers Holzman 
et al.” found that most clinicians were more concerned 
about the risks of endometrial cancer than about pos- 
sible future fractures and thus did not readily prescribe 
estrogens. 

Weinstein and Schiff” have developed a model to 
show that when all the epidemiologic data of risks and 
benefits are compared, the effectiveness of treatment 
in terms of longevity and quality of life is apparent. 
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Thus both patient and physician education are nec- 
essary if compliance with hormonal replacement ther- 
apy is to be increased. Research suggests that giving 
patients more information about hormonal therapy 
could significantly alter utilization patterns. Important 
factors to discuss include the nature of menopause, 
emphasizing that it is a medical condition with symp- 
toms that can be alleviated with hormonal therapy. 
The protective role of estrogens in osteoporosis and 
cardiovascular disease must be balanced with the risks 
of cancer. 

The physician's role in self-education is as important 
as his or her role in educating patients. A knowledge 
of available alternative regimens is essential because 
symptoms, side effects, and withdrawal bleeding may 
be managed by adjusting dosages or changing the es- 
trogen and progestin formulations. The physician 
should also be aware that perimenopausal women with 
dwindling or intermittent periods may accept with- 
drawal bleeding more easily than older women. Ad- 
ditionally, recent data on the use of a Pipelle (instead 
of a Vabra aspirator) may offer patients who need serial 
endometrial biopsies a less painful alternative." 

Physicians are typically familiar with the absolute 
contraindications (e.g., estrogen-dependent tumors or 
acute liver disease) and relative contraindications (e.g., 
a past history of endometriosis) to estrogen therapy. 
Equally important is an understanding of the large 
population of women for whom estrogens are indi- 
cated. Improving both patient and physician education 
will help increase compliance with hormonal therapy. 

Areas for future research that may influence com- 
pliance include (1) improved combination therapy, per- 
haps prepackaged in dose packs, and (2) drugs that 
more specifically reduce the incidence of side effects, 
osteoporosis, and cardiovascular disease without pro- 
ducing end organ stimulation. 
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Unopposed estrogen stimulates mitotic activity in endometrial and breast tissue. Numerous case-control 
studies have evaluated the relationship between estrogen use and the risk of endometrial and breast 
cancers. In general, exogenous, unopposed estrogen use increases the risk of endometrial cancer by 
tenfold and of breast cancer by twofold after long-term use of high doses. Estrogen’ s positive effects on 
osteoporosis and coronary heart disease must be considered when evaluating the potential risks 
associated with its use in postmenopausal women. (Am J OBSTET GYNECOL 1989; 161:1859-64.) . 
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Experimental, clinical, and epidemiologic evidence 
indicates that hormones play a major role in causing 
several human cancers. Based on his studies of estro- 
gens and mammary cancer in mice, in 1947 Bittner’ 
first proposed the concept that hormones can increase 
the incidence of neoplasia. This concept has been re- 
fined into epidemiologic hypotheses related to cancers 
of the breast, endometrium, prostate, ovary, and tes- 
tis. * These hypotheses are based on the association 
between neoplasia. and excessive hormonal stimulation 
of the specific target organ, the normal growth and 
function of which is controlled Sie one or more steroid 
or polypeptide hormones, 

This review will focus on our current knowledge of 
hormonal’ replacement therapy and its carcinogenic po- 
tential on the endometrium and breast. 


Endometrial cancer 

Unopposed estrogen stimulates endometrial cell bio- 
synthesis, potentially leading to endometrial hyperpla- 
sia due to incomplete shedding of the endometrium 
(Fig. '1).* A proliferative endometrium can progress to 
cystic or adenomatous hyperplasia, which can then 
progress to atypical adenomatous hyperplasia, report- 
edly a premalignant stage.*” The likelihood of devel- 
oping hyperplasia appears to be directly related to’the 
dose of estrogen prescribed.* , 

Case reports of endometrial cancer occurring in 
women after the use of estrogens have appeared in the 
medical literature for more than 30 years. Efforts to 
evaluate this relationship in a controlled fashion began 
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in 1975, with two case-control studies* '° that found 
estrogen use increased the risk of endometrial cancer. 
Since then, numerous ‘case-control studies, some of 
which are summarized in Table I,°25 have reported sim- 
ilar conclusions. In general, exogenous, unopposed es- 
trogen therapy (primarily Premarin) was found to in- 
crease the risk of developing endometrial cancer 2- to 
15-fold compared with the risk in nonusers. In absolute 
terms, the overall incidence of adenocarcinoma of the 
endometrium in women aged 50 to 74 years who have 
never used estrogen is relatively low (estimated’ at 
1/1000 women per year). Therefore, a 10-fold in- 
creased relative risk, a representative value for “ever- 
users,” indicates ` an increase in ‘absolute risk from 
1: 1000 to l; 100 women per year. 

Evidence suggests that adenocarcinoma ge the en- 
dometrium after estrogen use is generally low stage and 
law grade and is associated with fewer cases of myo- 
metrial invasion," 1% 1% 19275. 7 For example, Chu et al.” 
studied 320 women with endometrial cancer; 79% (285 
of 363) had used estrogens for more than 1 ‘year, Es- 
trogen users tended to have well-differentiated tumors 
and no myomeétrial invasion. In addition, the women 
who had used estrogen had primarily stage 0 or I can- 
cers, with a very low incidence of stage II or II] tumors 
(2%) compared with those who had never used estrogen 
(12%; p = 0.005). 

Not surprisingly, several studies suggest that estrogen 
users who develop endometrial cancer survive longer 
than nonusers who develop the same. cancer. Elwood 
and Boyes” found that estrogen users had survival rates 
at 5 years of 89.1%, compared y with 73.5% for nonusers. 
After adjusting the rates for expected deaths of age- 
matched women, they calculated relative survival rates 
for users and nonusers of 94.2% and 81. 3%, respec- 
tively. At another Canadian study sité, Collins et al.” 
similarly | found that the estrogen users’ 5-year survival 
rates (92% + 2%) exceeded those of nonusers (68% + 
2%) (Fig. 2). Furthermore, for the yeas with en- 
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Fig. 1. Role of unopposed estrogen in development of endo- 
metrial hyperplasia a and neoplasia. (Reprinted with permission 
from ca RD jr. J Reprod Med 1982;27:531- 38.) 


dometrial cancer, the risk of any death for nonusers 

l was 2.7 times greater than that for estrogen users. ` 

_ Disease risk is related to both dose and duration of 
estrogen use: 7 High-dose users (>0.625 mg of 
conjugated estrogen per day) had a risk of developing 
endometrial cancer similar to that of low-dose users 
(<0.625 mg/day). and controls after short courses of 
therapy (<3.5 years). In contrast, those who took high 
doses over long periods (23.5 years) had a greater risk 
of developing cancer than did low-dose users. 

The findings from the above case- -control studies are 
supported by data from several cohort studies. $32 
Never-users of estrogen had a risk of endometrial can- 
cer 10 times less than that of long-term users. 29. 32 
Estrogen- progesterone users had a relative risk of 
endometrial cancer of 0.9, a value lower than that 
observed among those who used estrogen aloné 
ad. 4). 33 y 

The benefit of adding a progestogen to estrogen re- 
placement therapy to reduce estrogen- -induced eħdo- 
metrial mitotic activity has been clearly established in 
clinical practice. 4-94-85 However, the possible adverse ef- 
fects of progestogen on the risks of heart disease and 
breast cancer indicate that the dose of progestogen 
should be minimized and that simultaneous oral pro- 
gestogen dosing is not suitable for all women, partic- 
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Table I. Endometrial cancer risk relative to 
use of estrogen replacement therapy: 
Case-control studies 





Relative risk* 








Smith et al.’ SEE 4.5 — 

Ziel and Finkle!” y 7.6 13.9 
Mack etf al.” 5.6 8.8 
Gray et al.!? 3.1 11.6 
McDonald et al.” 2.0 7.9 
Wigle et al." 2.2 5.2 
Horwitz and Finkelstein” 12.0 — 

Hoogerland et al.’® 2.2 6.7 
Antunes et al.” 6.0 15.0 
Weiss et al.!® 7.5 8.2 
Hulka et al.” = 4.2 
Shapiro et al.” 3.9 6.0 
Jelovšek et al.” 2.4 4.8 
Spengler et al.” 3.2 &.6 
Stavraky et al.” 4.2 14.4 
Kelsey et’al.™ — 8.2 
LaVecchia et al.” 2.7 — 

Henderson et al.” 1.4 3.1 


‘From Peterson HB, Lee NC, Rubin GL. In: Mishell, DR, 
Jr, ed. Menopause: physiology and pharmacology: Chicago: 
‘Year Book Medical Publishers, 1987:279. 


*Risk relative to never-users. 





ularly those with a prior hysterectomy." Whitehead 
et al.” showed that duration of progestogen therapy is 
more important than the dose of progestogen given; 
however, the optimal type, dose, and duration of pro- 
gestogen therapy have not been established. 


Breast cancer 

Breast cancer risk is determined primarily by the total 
cumulative exposure of breast tissue to bioavailable es- 
trogens and the associated cumulative mitotic activity. 
In contrast, progesterone does not have a growth- 
mediating effect on breast tissue colnpatenie to its ef- 
fect on the endometrium. 

Most early studies that assessed the possible effects 
of estrogen on breast cancer risk were uncontrolled 
follow-up studies. In the most credible of these studies, 
Hoover et al.” reported 25% more cases of breast can- 
cer in their cohort of menopausal estrogen users than 
what would have been expected based on general pop- 
ulation rates (49 observed versus 39 expected). A more 
substantial increase occurred among women using high 
estrogen doses over a long period. 

Early case-control studies to evaluate the relationship 
between menopausal estrogens and breast cancer were 
often limited by small numbers of subjects, insufficient 
data on dose and duration of use, and the definite 
possibility of bias. A series of carefully conducted case- 
control studies using healthy population controls have 
recently been published (Table II).%° Overall, long- 
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Fig. 2. Survival of women with endometrial cancer and a history of noncontraceptive estrogen use 
in Ontario, Canada. X, Estrogen user controls (age-adjusted mortality); 0, estrogen users with endo- 
metrial cancer; x, women with endometrial cancer who dre not estrogen users; A, non-estrogen user 
controls (age-adjusted mortality). (From Collins J, Allen LH, Donner A. Lancet 1980;2:961-63.) 


Table II. Relative risk of breast cancer after estrogen replacement therapy using population controls: 
Recent case-control studies 















Relative risk* 






No. cases/ controls 
(% controls exposed) 


Brinton et al.” (1986) 1127/1308 (41%) 1.1 15+ yr, 1.7 Results for women with natural menopause 
485/517 (59%) 1.0 15+ yr, 1.3 Results for wonien with hysterectomy, no BSO 
320/393 (77%) Ll 15+ yr, 1.4 Results for BSO 

: Overall, high in BBD with 10+ years of estrogen 
tL pir . use ; 

Hiatt et al. (1984) 119/119 (90%) 0.7 3+ yr, 1.8 All subjects had BSO 

Hoover et al.” (1981) 345/611 (29%) 1.4 5+ yr, 1.7, High in family history 

Hulka et al.” (1982) 152/620 (18%) 1.8 10+ yr, 1.7 Results for women with natural menopause 

21/117 (50%) 1.3 Not provided Results for women with hysterectomy 


High in women with natural menopause with fam- 
ily history, users of injectable estrogens 

Results for BSO i 

Results for women with hysterectomy, no BSO 

Results for women with ‘natural menopause 


McDonald et al.® (1986) 96/307 (40%) 1.34 6+ yr, 1.2 
. 43/120 (67%) 0.5t 6+ yr, 0.5 

: i ` l 35/89 (79%) 0.8t 6+ yr, 0.7 
Nomura et al. (1986) 181/181 (50%) 1.1 


6+ yr, 1.9 Both results include 21 premenopausal women 
160/159 (62%) 0.9 6+ yr, 1.3 high in family history, BBD 
Ross et al. (1980) 101/187 (45%) 1.4 TMD; 2.5 Results for women with natural menopause 
; 26/66 (56%) 0.8 TMD, 0.7 Results for BSO 
High in women. with natural menopause with BBD 
Wingo et al.“ (1987) 295/401 (67%) 1.3 15+ yr, 1.7 Results for BSO 
564/652 (25%) LI 15+ yr, 2.0 Results for women with hysterectomy, no BSO 
510/592 (16%) 0.8 ‘B+ yr, 0.7 Results for women with natural menopause 


High in BSO with family history 








BSO, Bilateral saipingo- -oophorectomy; BBD, benign breast disease; TMD, total curnulative dose greater than 1500 mg. 
*Risk relative to never-users. 


+Ever users are women who have used estrogens for at least 1 year; ever users and long-term users are compared with women 
with either less than 1 year of use or no estrogen use. 


term estrogen use was associated with small to moderate 
increases in the risk of breast cancer, although some 
variation existed across studies based on ovarian status 
(intact ovaries versus ovaries removed) or hysterectomy 
status (surgical versus natural menopause). 

In women with intact ovaries, Ross et al. found that 


those who had received a total cumulative conjugated 
estrogen dose in excess of 1500 mg had a 2.5-fold 
increased risk relative to nonusers. No such increase 
was observed for oophorectomized women. In the Can- 
cer and Steroid Hormone (CASH) study,"° risk with 
long-term use was elevated only for women who re- 
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Table III. Relative ‘risk of biisi cancer after estrogen replacement therapy ude hospital controls: 
Recent case-control studies 












Relative risk* 7 


| Ever users | Long-term users 


152/309 (18%) 1.7 10+ yr, 0.7 
21/63 (52%) 1.2 Not provided 





No. cases/ controls 
(% controls exposed). 
Hulka et al.” (1982) Results for women with natural menopause 
: Results for women with hysterectomy 
High i in women with natural menopause 
with family history, users of injectable es- 


a a a: ak l g a f . ~ trogens 
Nomura et al.“ (1986) 181/183: (53%) 1.0 6+ yi, 1.2 Both results include premenopausal 
i ; 160/161 (66%) 0.7 6+ yr, 0.8 -women 
Kaufman et al.” (1984) 1610/1606 (30%) 1.0 a Overall 
NA 0.9+ 10+ yr, 1.3 Results for women with natural menopause 
NA 0.94 10+ yr, 0.3 Results for women with hysterectomy 
‘ S NA ` 0.5F 10+ yr, 0.5 Results for BSO 
Kelsey et al. (1981) 41/219. (44%) 0.9 _ 50+ mhgM, 1.0 Results for BSO 
286/1089 (76%) 0.9 50+ mgM, 0.6 Results for at least one ovary 
; : ; os y x Analyses include premenopausal women 
Sherman et al.* (1983) 113/113 (45%) 0.6 Not provided ‘High in overweight women 
Jick et al.” (1980) 60/7 - (44%) 1.1 Nót provided Results for women with hysterectomy 
37/61, (70%) 3.4 Not provided Results for women with natural menopause 


LaVecchia et al.” (i986) 1108/1281 (4%) 1.8 


2+ yr, 2.0 


Combines women with natural menopause 
and women with hysterectomy, | but risk 
with 2+ yr use is greater only in women 
with natural menopause 





BSO, Bilateral salpingo-oophorectomy; mgM, riilligram months. 


*Risk relative to users. 
tEqual to or more than. 


ported surgical menopause. Hiatt et al. reportéd an 
increased risk with long-term use by women who had 
undergone bilateral oophorectomy. Finally, Hoover 
et al.“ and Brinton et al. reported an elevated risk of 
breast cancer for wonien with and without i intact ovaries 
after replacement estrogen therapy. Estrogen users 
with 15 or more years of exposure had a 50% elevation 
in risk, ainounting to 4 2% cumulative absolute excess 
risk in women aged 65 to 79 years. 

Studies using hospital controls as the comparison 
group generally found ‘no evidence to suggest that 
breast cancer risk was increased either overall or with 
long duration of use: Siaran (Table IlI). Two other 
studies reported significantly elevated risks associated 
with estrogen, ise by women who had natural meno- 
pause. si Hulka et al. reported comparably low risks 
` with éither hospital- -based or community-based con- 
trols. A possible explanation exists for this lack of effect: 
controls i in hospital-based studies have more contact 
with the health care system and are thérefore morë 
likely to use elective drugs than the population as a 
whole. 

Buring et al. a eins’ the risk of breast cancer 
associated with postmenopausal hormone use among a 
cohort of nurses who primarily-used conjugated estro- 
gens unopposed by progestogens. These women were 
at no increased risk due to ever having used post- 
menopausal hormones before thé initial survey in 1976; 
however, long-term use conferred a moderate risk (5 


to 9 years of use, relative risk = 1. 5; 10+ years of use, 
relative risk = 0.9). 

Based on case-control studies using sopiiidh con- 
trols, it seems sensible to conclude the following: long- 
term use of éstrogen replacement therapy leads to 
äboüt a 75% increase-in breast cancer risk after 15 
yeats. Certain subgroups of women may be relatively 
more susceptible to the carcinogenic effects of estro- 
gens than others, including postmenopatisal women 
with a positive family history of breast cancer*"* «4+ 
and women with surgically proved benign breast dis- 
ease, 37. 39,45 especially if the estrogen use follow ed the 
diagnosis of thé benign disease.” 

Estrogen users who develop breast cancer may šur- 
vive longer than nonusers who develop the same can- 
cer. Bergkvist et al.** found that the relative survival 
rate was significantly higher (p = 0.02, by about 10% 
at 5 and 8 years) in estrogen users 50 years old or older 
who had discontinued estrogen therapy less than 1 year 
before the cancer diagnosis. 

The value of adding a progestogen to estrogen re- 
placement therapy to minimize breast cancer risk 
has not, been suitably evaluated in substantial; well- 
conceived studies. However, we have reason to believe 
that the addition of progestogen will actually increase 
the risk of breast cancer beyond that associated with 
estrogen use alone.* Results from studies of premen- 
opaiisal women receiving depot-medroxyprogesterone 
acetate provide some information on the possible in- 
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dependent effect of this progesterone on breast can- 
cer risk. In two of three studies, the relative risk was 
1.0% 57; the association between this drug and breast 
cancer was significant in the third study” (which was 
potentially biased). In a recent cohort study, women 
who took progestogen and estrogen in combination had 
a higher risk of breast cancer than women who used 
estrogen alone.” 


Other considerations 


As reviewed by Genant et al., estrogens prevent os- 
teoporosis and its most serious medical consequence, 
hip fracture. Estrogens also lower the risk of coronary 
heart disease. Because death rates from coronary heart 
disease among American women are four times those 
from endometrial and breast cancers combined, estro- 
gen’s benefit in this respect could far outweigh any 
carcinogenic potential. In fact, we recently calculated 
that for nonhysterectcmized women aged 65 to 74 
years, a daily dose of estrogen (equivalent to 0.625 mg 
conjugated estrogen) for 10 years would resultin an 
annual saving of 302 lives per 100,000 women. For 
hysterectomized women the estimated saving was even 
more dramatic (328 lives per 100,000 women). 
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Although hormonal replacement therapy has proved beneficial for many postmenopausal women, several 
` issues remain to be resolved through future research. Improved combination therapy, better delivery 
systems, and optimal dosing may enhance compliance, which is essential for maximum benefit from 
therapy. Epidemiologic studies are-necessary to clarify the role of estrogen in osteoporosis and 
cardiovascular disease. Additionally, the contribution of hormonal replacement therapy to the development 
of breast and endometrial cancers needs to be clarified. (AM J Osstet GynecoL 1989;161:1864-8.) 
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Women in the United States presently have a life 


expectancy of 81 years, 30 years beyond the usual age 
of menopause. When ovarian function ceases, a state 
of relative estrogen deficiency develops. A woman will 


live one third of her life without the beneficial effects 
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of her natural estrogens. Common hypoestrogenic- 
associated conditions such as vasomotor instability, 
emotional lability, sleep disturbances, genitourinary 
atrophy, and osteoporosis develop in 75% to 85% of 
postmenopausal women. Hormonal replacement ther- 
apy is effective in treating these conditions; in most 
cases it is superior to alternative modes of therapy.’ In 
addition to its other benefits, hormonal replacement 
therapy may reduce the increasing risk of atheroscle- 
rosis in postmenopausal women.’ This therapy is as- 
sociated with few relative risks and side effects. Hor- 
monal replacement therapy should be considered a 
preventive measure; for effective prophylaxis, early ad- 
ministration and long-term use are required. Concerns 
over possible risks of breast and endometrial cancer, 
coronary artery disease, thrombosis, hypertension, and 
effects on glucose tolerance have been obstacles to using 
this therapy. This article will discuss the increasing role 
of hormonal replacement therapy in both postmeno- 
pausal women and in women with induced estrogen 
deprivation. Future uses and research directions will 
be suggested. 


Formulation and route of administration 


Free estrogen is the biologically active form of the 
hormone. More than 90% of circulating estrogen is 
protein bound, 30% to sex hormone binding globulin 
and 60% to albumin, leaving, 2% to 3% unbound. The 
concentration of free hormone is a function of total 
estrogen concentration, sex hormone binding globulin 
concentration, and metabolic clearance rate, which is 
inversely proportional to the extent of protein binding.’ 
Free estrogens exert their metabolic effects by binding 
to high-affinity, specific low-capacity estrogen receptors 
in the nucleus of the target cell. The potency of a spe- 
cific estrogen is determined by the length of time it 
occupies the steroid receptor.‘ There is no uniform 
estrogen bioassay: multiple factors determine the ef- 
ficacy of a particular estrogen compound, including the 
efficiency of absorption and metabolic clearance, dose 
and route of administration, and the particular system 
or effect under evaluation." Dose, route, and frequency 
of administration vary among different estrogen prep- 
arations. Currently, potency is generally assessed by 
changes in the maturation index of the vaginal mucosa, 
cervical mucous ferning, and endometrial prolifera- 
tion. Similar biologic effects are achieved with dieth- 
ylstilbestrol 5 mg, estradiol 5 mg, conjugated equine 
estrogens 3.75 mg, estrone sulfate 3.75 mg, ethinyl es- 
tradiol 0.05 mg, and mestranol 0.08 mg. 

Conjugated equine estrogens, obtained from the 
urine of pregnant mares, are the most commonly pre- 
scribed estrogens of hormonal replacement therapy in 
the United States. Most circulating estrogen is equilin, 
which is both potent and long-lasting due to its lipo- 
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philic properties that allow storage and slow release 
from adipose tissues. Conjugated estrogens are effec- 
tively absorbed after oral or intravaginal administra- 
tion. A daily dose of 0.625 mg oral conjugated estrogen 
or 1.25 mg intravaginal conjugated estrogen raises the 
total circulating estrogen level to approximately 93 
pg/ml (the mean serum level of estrogen after meno- 
pause is 35 ng/I).4 

Other available agents for hormonal replacement 
therapy include estradiol, estrone, or estriol. Because 
these estrogens are insoluble in water and are rapidly 
metabolized in the gastrointestinal tract, they must be 
esterified or sulfated for oral use. Adding an ethinyl 
group at the 17 position produces 178-estradiol; this 
compound is almost completely absorbed after oral ad- 
ministration. Micronization, by which the particles are 
made small enough to permit gastrointestinal absorp- 
tion (20 x 10° m or less), is another technique that 
makes oral therapy possible.» * Micronized estrogen 
preparations may be administered orally, intravagin- 
ally, or sublingually. Intravaginal administration results 
in rapid and effective systemic absorption. In a study 
of postmenopausal women, subjects experienced a de- 
crease in vasomotor and vaginal symptoms after 15 days 
of treatment; moderate to marked improvement in 
symptoms related to atrophic vaginitis was noted in 53 
of 54 patients.® 

178-Estradiol is also available in the United States as 
a transdermal patch in dosages of 0.05 and 0.1 mg. The 
transdermal patch raises estrogen levels from 40 to 80 
pg/mi, but estrogen levels fluctuate around the phys- 
iologic level and achieving a steady state is not easy.’ 
The patch is convenient to use and needs to be replaced 
only every 3 days. A once-a-week oral estrogen agent, 
quinestrol (the 3-cyclopentylether of ethinyl estradiol), 
is also available. This preparation is absorbed through 
the lymphatic system, stored in adipose tissue, and re- 
leased gradually." 

Thus a variety of estrogen preparations and routes of 
administration are available. The transdermal forms 
have only recently been shown to have similar beneficial 
effects on lipids and bone that the oral. preparations 
confer. If relative dose is considered, no one prepara- 
tion is clinically more likely to cavse major side effects. 


Progesterone cotherapy 


In the 1970s, evidence indicated that using unop- 
posed estrogens was associated with a significant in- 
crease in endometrial cancer.” Unopposed estrogens 
may also cause problems such as abnormal vaginal 
bleeding for which diagnostic evaluations and sur- 
gical treatments may be needed. In a retrospective 
study spanning 17 years, more than one fourth of 
women, using unopposed estrogen required a hyster- 
ectomy to treat nonmalignant complications.* The ad- 
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dition of a progestogen to hormonal replacement 
therapy can usually avoid both the malignant and non- 
malignant gynecologic problems associated with un- 
opposed estrogen. Because natural progesterone is 
poorly absorbed through the gastric. mucosa, synthetic 
forms are used. Available progestogens include 17- 
acetyloxyprogestin (medroxyprogesterone acetate) and 
19-norprogestins (norgestrel, norethindrone, and nor- 
etkynodrel). Gastrointestinal absorption varies among 
patients. Like estrogens, these progestogens may be 
administered orally, vaginally, and parenterally. A mi- 
cronized form of progesterone that has been used in 
Europe produces serum levels greater than 10 ng/ml 
and a secretory endometrium.” 

Both 17- and 19-progestins reduce calcium creatinine 
ratios. Some studies have suggested that regimens of 
estrogen plus a progestin actually have a beneficial ef- 
fect on bone metabolism, increasing bone mineral mass 
rather than just stabilizing it.” Progestins’ effect on 
lipid metabolism is the reverse of that of estrogens: they 
elevate low-density lipoprotein cholesterol while low- 
ering high-density lipoprotein cholesterol. The amount 
of androgenic activity of a specific progestogen corre- 
lates with its lipid effects. To date, oral micronized pro- 
gesterone has not been shown to affect lipid metabolism 
adversely.’ 

Despite their adverse effects on lipids, progestins 
seem necessary to protect the endometrium from hy- 
perplasia. Future areas of research might focus on the 
development of a transdermal progestin preparation 
and the development of an estrogen-progesterone 
minipill containing the proper balance of both agents 
so that adverse effects are minimized and beneficial 
effects maximized. 


Patient selection, dosage, and compliance 


When selecting patients for hormonal replacement’ 


therapy, one must balance the potential benefits against 
the risks. Women with symptoms related to estro- 
gen deficiency should be considered candidates for 
hormonal replacement therapy as should women at 
risk of developing osteoporosis or those with a strong 
family history of cardiovascular disease. Considerable 
data now suggest that estrogen-progestin therapy 
can significantly reduce death among postmenopausal 
women.'' Hormone replacement therapy should be 
started as soon as ovarian failure occurs (with the ces- 
sation of menses) or in the perimenopausal period if 
significant symptoms of estrogen deficiency begin. Ab- 
sclute contraindications include a known or suspected 
estrogen-dependent neoplasia, undiagnosed genital 
. bleeding, active thrombophlebitis or thromboembolic 
disorder, and active liver disease. Relative contraindi- 
cations include a past history of estrogen-dependent. 
thrombophlebitis, uterine leiomyomata, unstable hy- 
pertension, and poorly controlled glucose intolerance.* 
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The dose of éstrogen used should be the minimum - 
required to control symptoms and to provide protec- 
tion against osteoporosis. No one estrogen or progestin 
has been found to be superior when equivalent doses 
are considered. Conjugated equine estrogen and es- 
trone sulfate at doses of 0.625 mg have prevented os- 
teoporosis in most women." Cyclic administration of 
estrogen and progestins is no longer recommended. 
Rather, estrogen should be given continuously, 365 
days a year, and a progestogen should be given con- 
comitantly for the first 10 to 14 days of the month. This 
method of administration provides protection against 
the development of endometrial carcinoma and pro- 
duces a predictable bleeding pattern that reflects the 
status of the endometrium.’ If menstrual bleeding oc- 
curs before the tenth day of the month, a proliferative 
endometrium is likely present. In this case, the dose of 
progestin may need to be increased and endometrial 
sampling is necessary. If bleeding begins after day 10 
of the month but before day 18, there-is full secretory 
transformation.“ 

Hormone replacement therapy should be continued 
until the patient is in her eighties or beyond because 
rapid bone loss occurs after its discontinuation. The 
appropriate dose of progestin that will protect the en- 
dometrium and produce the least effect on lipids is still 
uuknown. However, a dose of 0.35 mg norethindrone 
or 5 mg medroxyprogesterone acetate administered for 
14 days a month appears to provide adequate protec- 
tion to the endometrium.’ 

Compliance may be a problem due to several effects 
of this therapy, including initial mastalgia, vaginal dis- 
charge, and resumption of menses. Withdrawal bleed- 
ing is a primary compliance problem. When hormonal 
replacement therapy is administered with 10 to 14 days 
of a progesterone, as described above, 80% to 90% of 
women will have regular withdrawal bleeding. If both 
estrogen and progestogen are given every day, it 
now seems that less numbers of women experience 
bleeding.’ 

Future research is needed in three primary areas. 
The optimal dose of progestins needed to optimize pro- 
tective effects on the endometrium while minimizing 
detrimental effects on lipid metabolism must be deter- 
mined through prospective, randomized studies. In 
women who have undergone hysterectomies, we must 
yet determine whether adding a progestin is necessary. 
This controversy exists due to a few studies showing 
that progestins may protect against the higher risk that 
exists for breast cancer with high doses of estrogens. 
The current approach is to individualize therapy based 
on the patient’s risk of developing breast cancer. The 
frequency and need for endometrial sampling has still 
not been established. Women receiving estrogen plus 
progestin probably. do not need periodic endometrial 
sampling. However, some physicians still recommend 
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that endometrial sampling be done every 1 to 3 years. 
Finally, withdrawal bleeding remains a compliance 
problem; different forms of estrogens and progesto- 
gens should be developed to address this problem, 


Osteoporosis 


Osteoporosis becomes a significant oim in the 
postmenopausal woman. After menopause, bone ma- 
trix. formation by osteoblast is reduced, leading to re- 
duced bone density, increased rate of bone loss, and 
increased susceptibility to atraumatic fractures. One in 
three postmenopausal women in the United States de- 
vélops some complication of osteoporosis. Postmeno- 
pausal women lose 1% or more of their bone niass per 
year. Therefore, if left untreated, an 80-year-old white 
woman may have lost 30% 1 to 50% or more of her skel- 
etal mass.? Slowing the development of ostéoporosis is 
the most efficient approach to this problem, Reported 
possible preventive methods include hormonal replace- 
ment therapy, dietary calcium supplementation, mod- 
ification of life-style risk factors such as smoking and 
alcohol consumption, regular weight-bearing exercise 
programs, vitamin D arid fluoride suppiermnentanon, 
and calcitonin use. 

Unequivocal evidence shows that estrogen is of 
critical importance. in maintaining bone density in 
women.*,> The mechanism by which estrogen acts to 
prevent bone loss is not known; however, several large 
studies have demonstrated a ‘causal relationship be- 
tween estrogen deprivation and, accelerated bone 
loss. In a 10-year, prospective, double-blind,. placebo- 
controlled study, women who received estrogen- 
progestin therapy within 3 years of menopause dem- 
onstrated a dramatic difference in bone mineral density 
compared with women who received placebo. All pa- 
tients receiving hormonal replacement therapy showed 
an improvement or no increase in osteoporosis ‘and 
experienced significantly fewer fractures. When hor- 
monal replacement therapy is stopped there is a rapid 
and progressive loss of bone mineral content, at a rate 
of approximately 2:5% per year. Within 4 years the 
bone mineral content of wornen who discontinued ther- 
apy is equivalent to that of women who never began 
it.® The dose of estrogen necessary to protect post- 
menopausal women against osteoporosis is established 
at 0.625 rhg conjugated estrogen or estrone sulfate pêr 
day.* For the greatest protection, hormonal replace- 
ment therapy should start as close-as possible to meno- 
pause and be maintained fot the balance of life.” 

Areas in which reséarch is needed include estrogeri 
deficiency—related disorders, estrogens’ role and the 
dosage of estrogen nécessary in treating established os- 
teoporosis; and the role of calcitonin in postrnenopausal 
osteoporosis, whether estrogen is a primary or sec- 
ondary treatment modality. Estrogens clearly play an 
important role in treating and preventing osteoporosis. 
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However, the optimal regimen of hormonal replace- 
ment therapy combined with calciiim, diet, life-style 
modifications, and other measures needs to be estab- 
lished. 


Cardiovascular diaeuas 


Coronary artery disease is a meaa probier 
associated with at least four identifiable risk factors: 
hypertension, hyperlipidemia, diabetes, and cigarette 
smoking. Coronary artery disease is responsible for ap- 
proximately 500,000 deaths among women in the 
United States each year.’ Many epidemidlogic case- 
control studies have shown that postmenopausal. hor- 
monal replacement therapy lowers the relative risk for 
coronary artery disease; however, a few studies indicate 
little or no protection." Until further data, from con- 
trolled epidemiologic studies are available, this therapy 
should be considered a possible mode of preventing 
coronary artery disease. Data show that after meno- 
pause thé incidence of coronary artery disease rapidly 
increases. The importance of estrogen is supported by 
studies showing that women with premature surgical 
menopause have a 2.2-fold increase iri their relative risk 
of developing coronary artery diseasé. This increased 
risk can be reduced to normal by hornional replacement 
therapy.* One possible mechanism for this protective 
effect may be estrogen's beneficial effects on the lipid 
profile. As stated edrlier, estrogen lowers levels of total 
and’ low- -density lipoprotein cholesterol and increases 
levels of high-density lipoprotein cholesterol. However, 
the exact mechanism by which estrogen protects against 
coronary artery disease remains to be established. Stud- 
ies on estrogen’s effect on platelet adhesiveness and its 
direct effects on the vessels are needed. 


Adverse effects of estrogens 


Estrogens’ role in the development of endometrial 
cancer has raised significant controversy and concern 
over the years. Recently, concerns regarding a similar 
effect on the incidence of breast.cancer have been 
raised. These data are. much less convincing of such a 
relationship. Prolonged stimulation of the endome- 
trium by estrogen in the absence of progesterone is 
kriown to cause hyperplasia in both premenopausal and 
postmenopausal women.’ Adenocarcinoma more often 
seems to develop in women who have endometrial hy- 
perplasia. The primary reason for eridometrial hyper- 
plasia, and subsequent carcinoma, in women taking un- 
opposed estrogens appears to be the absence of pro- 
gesterone. Progestational agents have a protective 
effect on the endometrium because they inhibit the 
replenishment of estrogen receptors and increase ac- 
tivity of 17B-estradiol dehydrogenase, which converts 
estradiol to the less potent estrone. Thus a pseudode- 
cidual endometrium is created and endometrial shed- 
ding occurs." The addition of cyclic progesterone for 
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14 days each month reduces the incidence of endo- 
metrial hyperplasia to nearly zero. In our current ap- 
proach to postmenopausal hormonal replacement ther- 
apy, which uses a combination of estrogen and pro- 
gesterone, the risk of endometrial cancer is no greater 
than in a patient not receiving therapy and actually may 
be less." 

Breast cancer is a multifactorial disease, and the role 
of estrogem in its generation is not clear. The potential 
risk is based primarily on data on estrogen’s ability to 
induce mammary tumors in mice. In one case-control 
study of 1610 women taking estrogen, the relative risk 
for an increase in the likelihood of developing carci- 
noma of the breast was zero. Most clinical studies do 
not show an increased risk, but several studies have 
gerierated some concern. The role of hormonal re- 


‘placement therapy with added progestins remains con- 


troversial in this area. Equally controversial is the de- 
cision to add (or not add) progestin to estrogen therapy 
in women whose uterus has been removed. Another 
important area of investigation is the safety of hor- 
monal replacement therapy in women with a past his- 
tory of endometrial or breast carcinoma. Clearly, many 
more epidemiolgic studies are needed to answer these 
questions. 


Summary . 

Hormone replacement therapy plays an important 
role in the preventive medical care of postmenopausal 
women. There’ are relatively few contraindications to 
its use. Programs are needed to educate physicians and 
women on the role of estrogen in overall postmeno- 
pausal well-being. Improved compliance is essential if 
women are to attain maximumi benefit from therapy. 
Improved combination therapy, better delivery sys- 
tems, and optimal dosing may enhance compliance. 
Multicenter epidemiologic studies must be performed 
to clarify the role of estrogen in bone and cardiovas- 
cular disease. Studies to determine the role of estrogens 
in the development of breast and endometrial carci- 
noma need to be performed. Despite the need for fu- 
ture investigation, it is increasingly clear that in 1989, 
for maximum benefit, most postmenopausal women 
except those with absolute contraindications should re- 
ceive hormonal replacement therapy. 
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